
Chapter 9 

Multi-wavelength Properties of TeV 

Blazars 

In prC'vious ~<?ctions, we haw inw·stiga ted tlw rapid variahilit~· and Hpc ·tral rmlution or 

Tc\" blazars. IJjghlighting the X-ray obsen·ations hy ASCA :uH.I UXTEJ. llow•'wr. th 

overaLl SJWCI raJ energy di~trib11tion or hlazars grnNally rangC's ovn a \ 'PIT widt• rangr 

from radio toTe \ · ~1 - ray banrls and such spec tnt nrc onr· of tlw most import aut fr·a l nn·;, 

allowiug us lo nudcrs!iUlcllhesc sourcC's . To re,·eil llhr mttlli -f:rcqurnc\· propNfif's ufTe\ ' 

blazars. WI" lia1·e to ci1l-r~- out multi- rrcqu e n• ·~- 1l1 >ltiloring cnutpaigus or II«• sour~e in 

nu-ious sbt(cs of :lclivitv. 

Rf's ult s from prC'1·i •us <.:<tmpaigus stroug.h· suggt>~ l <"(llTC'l•tir'd 1·ariat ions iu X- r~_, . a ud 

TP\. 1-my fluxes. "·hile variabiLity is mu ch lrss pronouttc-ecl in other •·n< 'tAI" hands (e.g., 

~laromb rt a!. l!J!J;J: Ducklev <' l al. l!JOG ). 1-lowe\·C'r. a prohl<·n1 rt' t•lains that tnobl or 

lhc data arc talcu either non-simnltaueousl,l.- (but ~uulf•ntporaueous within a we!'\c r.g .. 

~lacotnb ct a.l. lDD;J) or ar(' ver_1· sparsch · samphl (r.g .. Du(' klc·y c-1 ;d. lO!JG). 

From the X-ray s t ndic·s of mpicl \'O riahilit~-. II"(• uuw know I hat tlw d!~r11ckrist ic l·ari­

<thility time, call- ofT~\" bla?-ars are 1·ery &hort. r augi ug frnm 0.3 day rn ~ 1 da~.- Ui 8.2.3). 

T.,\" finx varia I ions ar sonwliLII ·s faster rapid Yariabilily as short as an ]JOur had hf'eu 

rcporkd (Gaidos el a l. 109G). Tlms li<e dihC II ~>.~ inn hasNI on tbo~•· qurts l-~imnltaliC!<J u ~> 

data 1ft>\)" hf' incomplete. We n<~f·d f.r11d/y siumltan<'OIIs llHJllit<Jtiu l!, . pccially ilt the 

\.-ra1· fut d T<>\." ell rf!..\' bauds. to rorn•c tl.1· nud f' r&land tl<P sonrct•s. l11 the fn]k,wing. W<' 

sunlJnarizP lhe results fr01n truly simultaueous <"i! lnpaigus of Tc•\" hhtlars coududed from 

10!JG tu 100 . Observations ](Jgs ar giYCll in ~ G. L 
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9.1 Mrk 421 

X -ray /TeV -,-ra correlation 

F igllrf' !J . l :.how~ ill!' long H'l"lll Yari~hilit~ · or :\Irk 4:21 in X- ray aJI I Tc•\' ')- ray ~nrrg,r 

l>ands. T wo n·nwrka iJlc ll an·~ \WI'<' obsf·n·<·d in TP\. r Jwrg.\· band in l!JDG 'd ay. wl1 cre fltL~ 

rvaclwd up Ju ~ I 0 Cral• and rapiuh· rlecrcascrl tot II<· <JIIi c~tl' nt lrvr-1 ou lime. cnle a& sl10rl 

:Is aulJ<Jllr (Gaidos r l al. l!J!JG: incli .. atr•d by <Ul arrow in Fignn• 9.1 ). l!nportft!Jt!~-- RXTE 

.,J,~ .. rv;Jti"n" :d~o n·,·ca l> •d tha t :\ Irk cl:21 was .\·r·ry brighi and L·xtrr lll<' i,l' <>rti '·" dnrinr; 1996 

:\ lay ol""'"'alion~ (~.g .. ~ .l ). 
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fi' igur<· 0.1: X ·ra.r illlll T,.Y A,- ra~- tlu x- \";\l'in tiOll frolll 1905 tv 1908. top ~uHI mirldk: X: ray Onx (2- JO 

1.{·\·: t!Jb work). /lol/(1111: T1 ·\" ·r ray llux ahottt 330 Gt\. ( rou~llly esliumH·d fro111 l\lcEm•ry ('t aJ. 1097 

allrl priYott<· cottll llllllirution wi1h J\ l.CttUIIIt'St· ) . ~!:(. \ ' ~.~ nlr f:ltL\": rtJ'(• ~iV~J II iu uni L of Crab flux. Tc\' tlata 

fro111 ;.\ l ay~~ l !JD(j (G.2 Cnd,) i~ 'UJJpre:--s\.'d l.Jild rt:' prt·~t·HL('d Jtere h.'· a.u cttT(.m'. 

D<tring 1!101:1 April ol"<'t'\'ati.nn. ASCA r<'corder l a highN flux tlmn ll1at obsenwl in 

I !JOG .\ la l' In o11r kuowle' cl p.,e . I hi~ i5 lltC' reronl hig,l1 flux C\ 't' r ol >~('l'.\'ed fnr t his ~o urcl' in 

1 hr • .'\-n1r baud. Thc> ca l!lp:ligu startr•d frn111 a prouoJm(·~·d high amplitude Hare rPcordrd 

b-'· llrppnS. \ X and Whipple (:- lar<\.'<rhi d a!. l!J!J!Jh ). and lti!l;h arti1·il.Y <>f the ~our('e 

rnlltiuuc~ dnrilll!, tlu• \\'ItO!!- r·ampaip.,n hr>th iu X-ra.'· tUHI Te\ · ·,-nt-'·. 

Sinlllllali<'Ull~ ol>sl'l' \';d ions hy Tr\' 1<-ks\'llJWS .rrn·alr:-d that til<' Tr· \ · II11X was also in 

a hip.,h sta te ·. nlt!Hiufdl t•xl l't'lll<'h- rapid qniahilily a. ~hor t :'II> an liOllr \\'<1 ur•t ,IJst·n ·ed 

!).1 . . \IR1\ -121 U:J 

duriug thifl rampaig-u. Such a rorrt' latioJ l is lll t>l'!' ,·learh· ;.c'<' ll in llllilf ihand ligh1 cun·r·s 

taken at April l!l!J8 ( Fi~11re !l.2). Thi;. figml' cotuhiu <'S Jlw rP><t tlls l'r11n1 T,·\ · J<ok~l'<>Jl<'"~ 

( Whim, le. HEGRA aml CAT). X.- ra~· ohsP tTni ious ( .ISCJI . llcwnSA .\· iltHI RXTE) ancl 

EL'1'E. Light cun·es an' n nnali zt'd hv thr-ir n,·, ·rap,<' qduPs. II ~h<>nld tw nnt,·d tltnl th .. 

rapid flan\ obsE"rved iu thr X-rn_,. f•twrg_,. hand were nL'-O dt>tf'l·tecl al 'Ti·\' t•nc•rgie•s (c•.g .. 

tlmes at :-J.JD 30!)2-l.:l and -30!)28.0). Dtu-ing tit is cam pai~tt. I ii i' X-r"·' · fln x wn~ p,r:lllll :t!h· 

incr<"asiag on a time scak o r ~ 10 day.<.. " ·hi ch i& 1 ltr' h<\ llH' 1 rt •wl as t hnL ohst'f \'t•r l in Tc•\' 

flux Yari<\t ion . 

Mrk 4Z1 

50924 50926 50928 50930 50932 50934 
MJD (50924 = 1998/ 04/21) 
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(Whipple o 
HEGRA >< 
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Rlri'E 
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FigllJ'<' !l.2: 1Jnltil;a.nJ £lnx variatious or :llrk •121 dn>iug 1998 '''""l»ugu. Te·\· dat;c! Wh·'·flfll. , flEGUA 

. auJ CAT. X-ray <i«t;~: .-\SC.-\. RXTE. :~ud fl rpptiSAX. L' \ " d:.t;, ' ELT£ . . II li f\ let curv•·> an· 

llonwdiz<·d b.\0 thr:i.r <n'erQg~..· \'<.dUt':,. Figun• adopted frotJJ THk:dta.•dli t't ;J ( lOOO; iu JJn'[>''-L'aUou). 

b1 Figme 9.3. \.\'f' pi >I th<• kc· \· X-my fllL~ (2-lD ke\ ') vrrsus Tr•V ",-ra.1· flu x ( iu ta l> 

units) ohtai tlf•d fl·om ob,rrntlious iu ]!J!JT Rnrll!J!J8. lu I he plot. (';>dt point i ~ talc-nl~Lc·d 

from the pe>riocl when both ASCA ami Wldt>J!lr (J])~r>rvrd tht· SO iliTt> 5ilu ulr :uwous]_,. ,\ 

cle~r correlation was found for til<' tir. t linw. where [Tr\" -,-r~.v flu x] :x [X-ra.v Jlmc]O-'lHO u _ 

"'r alBo plot in Figur(' !J.+ tlw flux ,-orrr•latirm lJ PL\I'<'Pll t:V mtd Tc•\' data. Sittc·c• tit<' U\ ' 

flux ,·a ri <Itiou is small c·omp~rrd to t lw X-rav v;u·ialirJU. currrl<~lioll slope is ~trl']ll't. whf.'re 

[Tr\' 1-ray nux.) :x [U\' flu xj1·•~xtu;7_ 
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Wrll: 421 

/ 
/ 

0.7 

~ o.• 

~ -~ 
~ 
~ 0.3 
:;:; - 1-7/ 

/ 

o.•t,/// 
EUVE 1998 April 

0.6 0.0 
{a:) mM: OIU (ell!/•) 

Fip,UIT £) .... 1: CorrdatioH httW\'1'11 EU\'E tOHUt rarr atrd Tt\ ~ ~r t·ar flux (> 3.50 Gt'V). TeV flux1'S ;.1n· 

)!.i\'f•u iu uuit of Cr;lh llnx. Dlt .... !u•t! liB<.' ~htn,-~ tl1<' ]JI-.:-l ·fit liuC' of ITf•\" fltLx:j :x [k('\- fluxp~ ;_ 

Evolut ion of M nlti-li·cqnency Spectrum 

E1·<duti 11 f mnlti-frrqu<·ttn· ~pr<'t rum of :\Irk 421 is giwn in Figure D.:i. Opeu circlt·s 

c·cllll~ l'row ~IHcOlllb <'l ,tJ (1993). ll' hik utlwr ym!,ub (#1--l) rt• j)!'(,9ent our uew n· ulr; 

takt·n ·xnctl>•. imullcllll'OU~Ir in. -- ra_,. (a lso EL' \ ·E) and Te\· ~-ra_,. bands. 

Sc·n•ral icnportaut k<lfurp~ an· ~l"<' IL in lh<' fignr!'. Firsr. rlte slop!' of X.-nl,l' photon 

9.1. .\ffi 1\ -121 111 

;penra (f_,_,,) ~ 3: Sl'<' ~ 1.3) are s t<'cp. >lJL<l 1'('1',1' sitniler to !host' in tlw Tc·\ · t·n• · rp,.~· 

hiUld (f·h·\· ~ 3: .-\harnni<UJ <'I nl.l9D9h). Srnl!ld. lhC' <1mpliludc· ofT(' \ ' !lux ,-ari<llion 

is lcs:;; or almost cnmpantble 11i1.IL that i.u 1 he X-raY etwrg_1· hand,, (~t'<' abo Fir, nrc 0.3). 

Thin!. <th hough X-ray flux dtHilJ.\<'d dremal ically in Yariou~ ~··rt--;ons. olll,l' slllall rilnnp,Ps 

nre implied in the ~-nchrntrou peak position . <b " '<' IHt,.,. qunutit (\1 il'l·]_,. discu. ~I'd in ~ 

1.3.3. 
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Fig,11re 9 . .5: Niulli-frtq\ICH<:y spcc.:tnl or ~lrk ·121 ill nu·ious ~OllTTl' actidlif·s. Tru ly :siutul!rtii('OIHi d:tta 

for E~· \ ·E. X-ray mtd Tl•V -r ray lmuds w<·n• plott.NI wit h llOIH~irnnlla.urmt~ a.t·< ·hi\·ttl tlaH.t. #1: d<tVL 

from HlD 50571.15 to :\LID o057J.20 (:-hry 3, 1997; tlri' work), #2: d«t« fruw M.JD 50927.13 '"HID 

50927.20 (Apr 2<1. tOO : thi> work). #3: d<Jli\ fruw H J 0 30927.84 10 ~f.ll) 50027.00 (.\pr 2-1. 10~8: 1l1i> 

work). # -1 : data from \LID 50933.22 ru HJO J0033.27 (Apr 30. !098: thi_.. work). OJ." 'il 'iwl"' >~re 

publislu:·d data from ~lac01llb et al (1995). For #1--1. 1\·\· da.tn ;m• provided by WINt.ppl,· C'ltt·rt:'ttk()V 

obs<.·rYatory {pTi \·;t.tc t·omu tun inuiou witlt ~J.CaHutt•s<.·). wltilt· T('\- <hlla (HEGRA ) f<H' #--4 t·o1u<.· fro111 

Alra.rouiau l't al ( 109%). 
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9.2 Mrk 501 

X-rayjTeV - -ray correlation 

F'ignn· !J.G 'how~ il lung t rill yaria!Jilit,l' or \Irk .JOJ ('Oll'lparing lhc :\-[;\\' i111d Te\' ')-r~y 

('II •·~;_y hands. Onr· linds that lh•• ~onn:P was iu cl hi;i(>rically high s'IMC' during t lw 1907 

pc,illlill v,~. Thih d<·arl)· sugg .. ~ t s th:tl the Jlux \'atiatiou in both X-ray >.1nd Tc\.' -1-ray 

r·ur'r).\_1. hands i& well currt•latPd ou Liwr sra l< % of months to _n•ars. Dming the fktrc iu 

J!J!J7 ..\pril/:'llay. lltL'\ n'>tdt<•d ~ -l Crab in tltP Tc\' rn ·rgy ha11ds (Cata nese d al. 'l!JD7). 

whidt II'&~ II"· fac tor .tO itH-rPast· ol' flu x rnm pat'l'll lu llwt repurled in tue qni scent· sta le 

(Qui11 11 d al. Hl!J;:i: I!)!J!JJ. 
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Fi,run· ~ .G: X- ra.r mul T~· \ · ·,- r~\Y llux \'H.rhttivn frow 1995 tv HHJ8. (OJ! rutd mifldh• : X-ray IJux (2-10 

ke \ ': tl1is work). &ottt>r11: ]\·\' •1-ray llux alt<J\'t' 350 Ce\ ' (Quiuu '" al .1999) <euJ .·\ha.rnuiRll cl al {1999;~: 

abo\ I' 1 L\·\·). T(·\ 1~ ray Hu x un· giYtH jll uui t of Cnth 11nx. 

Th" li11lll r·un•t•;, timing tlw lir~l nnliti-1\';Wl'lr>nglll l'>llllpaigu conducted in 1.996, " -ltic·u 

indudt·d :,ray drtrt'lor~. tt.rc· slto"·n itt Figun· 9.1. Tlu•,, .. olJscn·alic>ns lii3YC lwn i111portaut 

rc:.nlts. Firsti)·, E ;nET d<'ter·ted C:t·\· 1-r<l.\' (•mission for tltr lirst time at 3.3 cr le1·rl. 

which was alst• rotd:irrn<'d J,_v llw follow up obspn·atiottR in l!JOG April j:::- la)' (Tahle !J.J: 

h:at ;\.q];a <'I :tl. 199!J). S<'roudh·, sinr·t· lh~· oh~<·tT;tliom, "'<'rf' rcondnr-ted when I he t-ouret• 

was r(' lalin·l.1· luw L·mi"iun st~t<'. I !.tis c·slaltlislt lltt' ·IJa,,eli tt!'. spertral energ_-'- distribution 

of :\ Irk -301 rompnr<' It" th\· high ~ll'lt<' clll is~ion in I!J!JT. 
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Figure 0.7: Tiwc hi,tory of11Jrk 501 dm·iug th<· 1\.i<m·h L906 ,.""'l'"iSll- (a): X ra~- {. ISC.\: 0.1 Jll 

k•·\'). (iJ): G<'V (EGRET: 100 ~J o\' JOG·\'). (c): T<· \ · ( 1\'Lipplr: •tbovo 330 G,•\ ) a11d (d): Opti<·al 
(R - lJ;uu.l: 050 um). The ASCA ton ut rill\.'t> HJ't fmm 1lu: sii!UtJJttl SIS:O Hml SISJ <i:-•11•. t•xt nH·l<•!l frotJJ a 

dreular rl•;;io11 c:cutfTt·d 0 11 tlu: lC:\..I'!!,l't wit h a rcul in:> of 3 <Lr<.;tJl ill. Th(: tiruv iJIH·n·:-d lll<lrkl'd will1 arrows 

is wlu:u E:;G nET dt•lccwd l\ Irk 501 at 3.5 a siguifice:uu-r fur tlu;· firtH 1·iluc .. \lll·tTnr~ HJ't· l o. Figut!' fro111 

Ka taok<e !'! a l (1099). 

:::- r ulti- wan:I~np;lh ob~erw1lions of \ Irk JOl tluriug t.Jw hif!,h sta ir· iu L!J9T dt•JHul<~tratt·d 

a dear correlation of fiuxes in t. 'li e X-ray llimd and Tc\·- ')'-nty bands ( 'ala uc·se et nl. 

JODI). Large amplim lc fil!X chang<' a W\'ll as Sj)P\' tral rvolution w<>rc· r<'portcd i11 l], • 

X-rny eJJerg_Y br-l.lld hy flepr;oSAX obs<"rvations (Pian et "L ID!J8). 13as<•d on lhrr•r T<•O 

bsern\lious coudn ctcd in .-\pr T. 11 <lttd lG willt D ppoSAX, thy pr<'&<:ntrd that (I) 

2-HI ke\· fitLx iucrcased to mmc tltau Jxl0- 111 (rrg/C'In~/s) nurl (2) synrltrotrou pC'ak 

sltift~d to hi her E'twrgif•s ~ HJO k<'\'. both of whic ·h a rr consistrnt wit h our r<,~ulls Oi 
.3.3). 

ASCA and RXTE obsen·atiuns rr-porlt-cl in this thc, is 1\TI'f' IJM<'rl rou ntn<'h ];1rp,N 

samples. which WC're taken l'll vnri011H phases of sourc" ac-ti,·ih-. Figure·!)_, shows tit<' J111x 

1·arialious of X-ray and Tel' -ray bnnds l;lkc·n llt .-\pril/\11!1 1f)f)T. wlH·n 1111' sonrt·t· was 

in a \·cry hi[i,l' stale. Onr finds a cl ·nr <'OLT<'htion in bntl1 f'tll'rgy f,auds una I iuw scalP 

of a da.1·. as \\-ell as ou longer lim<:> scaks. 

X-rny and Te \ · 1-r~y Huxcs an· plotlf'cl in Figm(' !J.!J. bas<'cl on 11'111.1/ simnlt;uu•ons 
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TeV (lfhlpple) 
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• 

Pi!!, ttrt' n.,: X ra.y and 1\• \ ' '"'r ra.\""' tln x nu·iatiuu iiL 1 Dl. lef t : .\pril 1997. ri,qht: !drty 1.907. ttJp ;wll 

nndtlk: X-ra)' tlux (2- 10 kt·V; tlib work). l>o ll <llll : T .. \ . -1->'"·'· Hux ahon• -360 G<·l· (Quiuu el a l .199D). 

Tt·\ · ... ,. ra.\ fhtxt·::. l\r<.1 1-(in·u i11 twit of rah lime 

dnta . On•· find ~ a clo·"r r(l rro•lat ion. l>trl di!t"rrcnt !"rom thai fouud in ~lrk ~21. For :-- frk 

301, II'P ohi>1illt'd llqowdralir relal ion. ll"h<' rt• [T•·\ · '- rn .l· flux] x [X- ra~' Ilnx]u'"±ll.il<. 

9.2. .\lBI\ JOl 101 

WJ-\t 501 

6.00 --r--::.7'----: . . ,. ..• • 
' 

"' 1.00 
• / 1" 

~ ... 
~ o ... Jf. 

t ,/ t 
....... 

0.20 

/)( "' 
0. 10 

X ASCA. 15t96 March 

0.00 
.; ....... 

. RXTJt Ullin AprU/ W.1 
0 I'OrT& UIIIA WnJ 
0 ASCA Ulfiltl Julf 

"' 70 100 200 "" ... 700 1000 
[ :.:] Z- 10 lteV tha (10_, .. t.r&/c.m•/ •) 

Figure !:UJ: Corl"lation J,.•tw<·cu X-rHy flux (2- 10 k<·\' ) '"'d Tc\" -,- ra_r flu ."( > :3511 .. ·\'). X-noy lluX<'> 

t'O JIIL' [rOill ASCA aud R XTB data. wldlc TcV ilnx, •::; ~.u·,,: IAfhipJJit: <lata. T(·\· flu xi ·~ nn' J.{ i\·t· u iu twit of 

Crob Uux . .D;'" bcd liuc , ],ows Lloc btst-fit linl' of rr ol ' Uu x) -x [kt·\- Uo1.x) 1 00 . 

Evolution of Multi-frequency Spectruw 

Ewolntion or the mnJri-frPCJIIfll(')" spect l"lllll of ~Irk JOl j,<; ,J,mnl ill FignrP !J.lO. Opf'll 

eirde~ cu·e data from public archi ve (takt•u rroml\:at ;H,ka <·t a!. lODD). wluJ .. <>lil<·rsymbols 

r~present om new resu lts derived from ,;i111nlt aueons monitori ng iu ih<' :\-ra.' · aw l Tt'\ . 

"1-ra.r bands. For tlw dnta obtain ,d iu :>.larch 19!JG. "''' al~r, plol lll(' EGfl ET all() opl iml 

data . 

CompMe I to ll1' result s for ~Jrk .J.2L SolllC signi ficant di!krcut·<·s arl" illlpli<·d 111 I h(' 

mullibaud specla. First, the chan '"f.'S in X-ra,· filL'( arl' ;wcoulp;uJiC'd !Jy Jargp shin in Lire 

po ilion of the s_vnchrotrou peak, as shown in ~ 7.3.3 a1Hi8.3.3. econd. Jlw &lop<' of'X-rav 

speclra ,·aries widely. nmgiug from rx- my ~ 1.7 to 2.:i (sf'(' !j 7.3 . . :5). whil<· thr· pholt•ll 

index in the T \" t'llergy hand is almost undwng<·d nnd SlCC[H'r : r 1>·1" ~ 2.:i (\' .g. PC'try (' ( 

a!. lD!JI: :\haroniau cl al. l!JODa ). Third, ampliLnci<' of Tf'\ . fh1 x ,·aria linn is IIIIWii larg<·r 

than that in the X-ray ('ncrg_l· baud (sec aL~rJ Figure O.!J). 
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F'igun· 0.10: ~ f ulti ft'('tllll'tw.Y -,p~,·ctr<t for 1\ frk 501 iu nu·io u ~ '"!Olin'<.· aeth·iti<.'!-. . T ruly silllult~lltl'Oll::, da.r.c1 

in oplin!.l. X ray. G1· \ · ·1-rny owd Tt· \ · -,-ray billld:,. W<.'l't' ploutd witli uo n -s illlnltan"Oll~ an·h i,•aJ thna. #1: 

d<~ta frutu 111.1 D 50160.% t<• H I[) 51Jl7fl.l 7 (!d a r 25-28, 1990: J..:ataokil <' t '"· l999n). #2: dma fro 11 1 ~ J .ID 

:,()!)(i0.20 to \f. ID J 00GI).:J9 (~ lay 27. 199 : tlti, "·ork). #3: d>tt<~ [rout ~ I.ID 50:;45.3G to HID 50:i·I5.·1G 

(Apr "i. 19D7: thi> worh). #I : rial<~ fm111 ~J.lD 305)0.33 10 ~IJD 50510.43 (.\pr 12. 1997: tlti ' work ). 

#>: " ·''" f"'"' M.JD :;o;;~-l.:IR to n10 50551.-1 (Apr IG. 1997: tltb work ). Open circle>: N.-\5.-\/TP.\C 

Cxtral;«la<·tit· data h,.,,. (:\CD). SoliJ Ji:.:un·: IIOSIIT (Cotul.l'lli ,., al. I09T) . GING.4. (i\Jaki11o ,., ill. 

l991). J/E(;fltl (,llt••ruuim• ,., ill. 1997). Dn..,Itt•ol lignrt•: EIBGRII ( nntdbur~· et al. 1997). 

9.3. Ph'S :ZJ;JJ-30-i 

9.3 PKS 2155 - 304 

Flux Va ria t ion 

Figun, !J.ll shows l ltP lonp; l<'l'nt Yariabiliiy of P l\S 2103-~01 i11 X n11' and T,.\-' l'il-' 

enrrg,· bands. Til<' detection ,f tln' T('\' '·r>W <'mission was n•pori<'d ouk rC'n·utl.1· lty 

C!tadw.ick PI al {1999). \\ 'it<'ll lit<' !tigh<'sl Tr\.' <' lltissiou was clet('(·tc·d ill 1091 \'r11·c·mlwr. 

RXTE obsen·aJion a l~o rpc·orrkd t!tc· high<'bl X-ra<· llux ''""~' ,,,,,.,.rn·d (s ,. :-1) . .-\1 lht• 

same E'poch. thP EGH.ET obs<'t·n·d I hP SOUJTf' aud f •und that ;,.y ' ra~· !lux itH'n•asc•d 

h,,· factor 3 <' Olllpan•d to that in tht• l!J!JG uhscrvaliun (Sn·Pknmnr ,1..: \ 't·s lnllld l!l!J/). This 

proballv implies lltt' corrclal ion of E'tnis.~iou in 1'11t'ious <' llf'I'P,-'' hatttls, hut ne d!-. fmtlu•r 

stnd_l '. 

PKS 2155-304 
3.0 -~~-~---~---- ' 
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TeV 
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0 .0 

' + f f ! 
............................ l ...................... f . .L.i ......... -.... -.... -... J ................. . 

1995 1998 1997 1998 
Dale (year) 

Figltr !J.ll: X-m.r "'"' Tt·l· ·,-ra~· llux ntriatiou fro111 1905 to 1908. IOJI ;utd uwldlr : X r<<Y Uux (2-1 0 

k\•\~: thi:; work). bollom: Te\ ) nly flux abun• 300 G~\ · (roughly l'!'>timatt•d fro111 Cltadwifk <·t aJ. lDDD). 

:'\ot<· tltar rlu: T<·\ ·r·ray ('llti~:;.iou wa.s dt•t '(:lt"'ll uul.r r'·ec11dy. T(·\" ')· ray flux ~'r'· ;;iv,·Ji i11 tu1it uf 'tab 

Uux. 

Evolution of Multi-frequen cy Spectrum 

EH>Iutiou or multi-fn•qttC'IIC'' ~p~c-lra of PKS 2J.).j-31J~ is gi\'('11 ill Ptgme 0. 12. Op<'ll 

rirdrs are data from an·ltin•. Tu this Jigml'. T0\. flux ih gin ·n :ts att an·ragf'CI flux from all 
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ol"etT:llion~. iudndi11 p, JODI :\o,·r·mi><'r (Chndwirk ct a!. lDOO). \\\> al~o plot tlH' ECRET 

r. 1 wr·trUill<'~liHlHit-d [rotu rlw flnx in Sn•t'kunmr /,.: \ '<"slnmd (lODT). assnmiug a sper·tra! 

rnnn n •prJt' t<'ol ill \'<'stra11rl eta! (lOD.:i ). 

!.11 coni ras t rn thr· spnrsf' sampliJtg of -,-n1_r ohsf'n·ati n. , Jo,n•r nNgy hmul data are 

e1·rn bet lt-r " I Ill pled t lt>lll other T('\ · bhtzars. Filler! circlf's arr siHmilaneous dat<t fi·on1 

opl ira! u• _'\ -m_,. obt;lincd ill 1004 \la.1· r<uupai[!,1l ( Urry ct 11!. 1091; Kataoka eta!. 2000 ). 

C11u!p<11Tt1 to \Irk -121 and \Irk 001 , X - r<l.\' flux ,·ari<Jtion seem~ to be ralltt•r chnotic: ldtcn 

th" ~t"lrr· r· II'HS in the· brighl<'st sl ale (1007 Xowudwr: #2). the spec I ruw wa. n•ry st •rp. 

snp,p,cstiug that ,nH"hrotrou peak cxisls at mucl1 lower e.ner11,ics than .'\-ra.v energ,v band. 

Jlowr·1·r·t, l'rw 100~ \Ia_,. dal a wh<"n t lw sOl liTE' was n1t her fa[uter. ~ynchrotrOJJ peak existc><:l 

al ~ I kr·V (~ 7 .. 3.:3 .. 3.3). 

PKS 2 l55-304 
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J Ill .. 43 ' .s 

Fip.11r(' D. ! '1: ~Lilli i- fn·qlti 'I I\'.r "JWrtra for PKS 2 155-30Al iu ,~Rriou::; ~ta.lt'S of , ... nurn· a<.:tiYily. Trul.'' 

.... itllnltatH·nn:-. tlat<~ iu I CE. El ' \ ·E. X-ray ha11<ls wen• plot iN\ with no!H.inHiitH nt•ou~ ardJin,d <lata. #1: 

d"1" frc>lll ~J .ID ,ID-191.23 lo il l.ID ·l!H03.33 (~l<u· HJ-21, t001: -,.,._,. c·l al. l901: r.;ataoka ,., a.l. 2000) . #2 

: < f>~L <I fnuu 'LID :,Q/12.% 1<> ;\LID ::i0112.0i' ('io1· 20. UlOi': Llli> work). #3: t!a.t<J (row HID 502DLGG 

to ~ L I D 511~9l.G (July 27. L00G: thi' work). Opt'H l'ireh·:-.: ~ED drtta ha.">f'. Lower EGllET rla.t<t <:~ rr. 

(rotu \ 't•-..tniiHI. ... tac·y ...\.: Sn•J•kuwa t· ( l9Dt>). w!Jii<· llj)JH.' r EGRET data ;ut• l'~tiumu•d fro11.1 SrN·kmmt.r ~t.:: 

\ '\•:-.trand (Hl, 7). Te\ i-ra~· data f'Utttt· fro111 C'ltmlwlck c.:l a.!. {1099) . #2 j.;; wht•lJ !111· sotlt'Cl' was !11•' 

l,ri~lilf.•:-.l. wldk #J b \\'lu•u t lw :-.ourt·{· wa .. " tIll' fa.iB!l·~t lu tlw X-ra.y I'UtrKr ham!. 

9. /. lES 23~1 -i+Jl-i 133 

9.4 lES 2344+514 

Flux Variation 

Figure 9.13 sho"·· l!Je lonp, tem1 vmi;·•hilit_,. nl' lES 2:3 11 :il J in X-r;t_\· llll I T<·\· 1 my 

cncrg~· bauds. Only a YN_,. f\'W ohsr-n•al ion~ lt<~<l he<"u eoudnrtr· I hcforP 1 he cJ tec-tin11 

of Tc\' {-rays as tLe third TC' \ - blazaJ· (Ca!atll'be <'l nl. 1 098). Uul'ortunatPI,I'. n .'\-rily 

obseJTa tious had been ronduc·kd whcu t lw Whipple telescope tktr·ctl'tl T<·\· 1- r~,-, (10fl:i 

December 20): no RXTE ~\ S:\1 d<lla <lrr ;\l·ailahi<' on this ;,oun·c· bf.forc· IDOl . .\Jon• data 

w-~· requ ired to test a eorrL'latPcl l'ariabi1ty iu l'aJ'ions CH<'l"f\.1' bauds. 

lES 2344 ·1-514 

0.0 
~ :f. 0.25 X-ray 

" a o.2o 
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~ ~ 0.15 

2 c" 0 ,10 i• 
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0.00 
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~:;:: (Whipple) 
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ff 0.5 I o ,.._ 
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1995 1997 1996 

Figu re D.l3: X-ray a.ud Tt·\· -·rray flux n n·itttiotJ from l995 to 1998. '"P <;L11d m1fldlc: X- ray fhc.;: (2-1 0 

kt· \ ·: this work). bottom : Te \ - 1 -t'':l.V Uux al;ovc 3.)0 G~\'" . front a.taii("'S(' cr aL 109 . utt· ilmt, '"ft·Y 

)- rnyt- wen· uot dl'll'<.'lrd abuvl' 2 u lt-vl•] for J99G/07 obM·rvatiiJua.l !l.C~t~OII~. 

E volution of Multi-frequency Spectrum 

Evol ution of multi-frequency spect rnrn of lES 23..U+-:i1.J. is giw·u in Fi{!,l!r(' O.l -1. Opc•Jt 

eire! arc data l'rc•tn the puhlir· archil' . Thre<· T~\- point~ :u·c from D<·r·. 20 U)().j (l!igltc~t 

flnx) , m·crag<'d flux from lO!J.j to lODG, and tLJltWr fiwit !'row l!J!JG ~nd 1091 ob~ · rvaliuns. 

'IJo EGHET detect ion ha~ be•·n rcport('d for thi. source•. 

lES 2344+314 is also th fainl<'8l T!'\. hla7ar in IUP .'\- r~_,. c·n!'rgy l»uJrl . However , 
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SIH'r-1 rnl ,.,·olnl i11n cm-rc•lnl c•d witL rt flux c-ltangc•. simihu tn t h<ll f(>r :\irk 301. is snggcstpc[ 

a.~ ~li<IWII ill Figurr !J.ll. \\"lll 'll the &OUIT<' 11·as in a quicsn·ut slaic. it ·!Jowr•d a steep 

biH'•·Irl!J(] wit!t photon iudc•x off _..,_ 10, ~ 2.:3. 11 hardcuc•d to~ l. when thr• ;..ource 

ht•cOIIWS brightrr (Ciouuni eta!. 1090: ~ 8.3). This supports au idea tlt;Jt tltP s_,· uchmtrou 

JH'ilk l:tJgc·l~· tltOI'I'S 11·ith tlJt• flux dta11ge as thHl Wl'rc <•b pn·etl in :\Irk :JOl Pi 7.3.3). 

Further oiJsr•rvations nrc• llC<TSS<trr for rtmfinnnliOll. 
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Fign J'P D.l I: f\ iltlt i frt•qtH'II<".r ~!Jl'('t r~1 for l.ES ~3·1-1 +51~1 i11 \'ar i ou~ ::,onn·e a<.: ti,·itit·s. No simult alll'UUl'l 

di.ltH will! X rnr uh.')l'ITH.tiou:- has b('('ll il\'(ti laiJJ, .. # 1 : dctl'(t frolll 1\ l.JD 50..158.68 to l\LlD 5015 . 4 (. I au 

10. l007: thi> Wl)rk ), #2: dat<l fr0111 ,\l.lD :i0~ 7t.23 to M.JD 50-171.40 (.Ja11 23. l007: this work). #3: 

l•· \ · dilt:t 011 10% D••c 20 (Tt\ ' IJ:ll·t·: C"'"'"''" ,., at. l008), # ·I : T<'V an•ragt• flux frow 1095 to tO% 

( 'at :til<' " ' '"' at. 190 ). Op<·lf ··irdts: Pnhmw et :u. 1996: Paumik tt :d. 1002: Gregory .1.: Co11du11 1991. 

. olid figure: llt 1'/IOSAX (Giolllllli eta!. 1990). Llppc·r li111it for TtY t•mi"i' 11 \\~~ Jr·riwd [row f99G/ 1007 

ub~\'r\TLtion-..tC'atoult·:-.t' t·t aJ. 1!)98). 

Chapter 10 

Discussion 

10.1 Summary of Results 

\I ... hAW obsenwl ·I Tf-\" 1Jia7ar~ with X- ray ~a lc'!Jjlt' . ASCA attd RXTE . Tit<'"'' ohst·n·a 

lions pro,·ide I he bigbt'sl ql t alit~· spec tral aud liming information ov<'r a \"(•ry wide• rtt••rgT 

range of(). I -20 ke\· . It is nott•r! thai 30 X-ray ohsc'tTat· iou~ wt•n• ronduel ••c l situultaur·o~t sly 

wit it Whipple CltcrenkoY l<'lesropes (Te\ ·). And I observations <tre :1lso coull'lllporaueou• 

11·ith EGRET on-hoard CG!IO (Gc\· ). To our kt•r•ll·lf'dJ!.(·, our rutTeJtt work is hased on 

lhe la.rgt•st san1ple of X-ra~)Ge\"jTe\" 1-ray data for Tr·\ · hl:t1:1rs. ohlainrrl in YMiou~ 

states of ourrC' acti1·iti!'s. Tu tlw following. w · bridly ~unmlariz<' major rl'sulls r-outn.im·d 

iu this thesis. 

X-ray Time Variability 

lJnprcceclentc>cl big campaigns for \Irk 421 (1008: ?days) and Pl~S 21;,;:,-3{)-1 ( 1006: 12 

dn_n<) re1·ealed more thau 10 llares with lim RCn lcs of about a day w!tielt roc-rurf'd durinp, 

the observat ions, indicating that 1·ariahililiPs iu T!'\. bln7ar~ art· u1on· rh·uamic and (·out­

plicalcd than Ke h<1d imagin0d. Suc-cessi1·e or-currcn<·•· of li ar!' ·1·rutfi had hr•(•n proposed 

IJy preYious ohseFalious (<•.g. , 13ucklc.v et al. l9!JG). bul data wPn· too short and/or loo 

undersampled to sludv iu d<?tail th tiwe proli]P. \\.!' lhns r·oufirnwd for the first tiutr· 

that rapid flares repea l tlily-hy-r\a_1· iu those Tc\" l•lnzars. 

This ua( urally lead us io au ide<• tba1 th<'r<· r·xi~ts smtll' prP j < t•rr/ t iuw scalf> fot 

,-~u·i<liJility of blazars. Structure function of T<'\ . hlazar Yariabiliry shmv<·d ~ roll -ow·r 

around l da.v, 11·hidr 11·c intC'rprcl <•s the rLtarac-tr·ri:,lir- lime seal<' of rapid V<trial,ilitv in 

hlazars. Tim ~ca l e was ~ 0 .. :; dn_,. for :\lrk -121. ll .3 dav for pJ,:s 2l:J~-30-I aud ,..., J dnv 

for :\frk ;j() J.. \iotabl.1·. l]J('SC liwc scales rrflc>c-1 tlu· il•piral ris<'/df'<'<t.Y tilllc of iudi,,idnal 

f!:trr e1·eu ts. 

l:il 
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Ca.l.BH Sey1erl AGN Blazars 
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F'iglll'(' I 0 . 1.: CunqJtlrbOII or PSD si<Jpt·:, for rariOlt~ bla('k hol(• sy:,tnns. Opt.:. II r-idr·: UH~nl ::; hida. ('l al 

( Iflf.l8). F11lttl cidt•: E~tiwrt.t,·<l fnm1 SLrut'tur(l Fuuetiou analysis ( tltis work). Tl1e pow(•r law iut.li('t·:; for 

rso (o for f -H) ilr(' hiru pJ_y <.~tinw.tt•d frow SF iudl'X (d) (I.') n =.} + 1. 

Ou "~]l(lrf(·r tinw scnlt• (:::; 0.3 daY), ~ lopE'~ of SFs (.J) arc quite stl'cp. rangin!( fr01u 

1.2 to 2.3 for all T<'\ . hlazars (thi. COIT<'Spouds lo th<' I SD iJJ(J x wllE'rC .r-o of u = 2 

~ 3) . ThiK dl'arl_,. indirut -~that the phy. ic;d proet•ss<'s o1wrating in Te\ " bla7ars are 

stwng red Ill>isf' lyp(' (.1 ~I) or actually 110 s ign iti ·ant proer.ss xits (.J ~ 2) up to lllC 

dmracf(•ristie tintt' seak dt'~ ribed ab(n·c· (~ l dnl" ) .. -\ s WL' <"il.n sf'e i11 Figme 10.1. this is 

,·,.ry diU"!'rt'ul [rnnt other type~ ol' mass-accreting black hoi<• sy~tem . who;· ,·ariabilitirs 

an• wr·ll r hararlt'rizl'<l !)_,. '' l"ra ·tal, ftickeriug noi~t' (0 < J < l). 

It i~ aborc·markc<l that the most of lite• llarr r·vents 1n•re dtaracterizcd hy uc<Uly •qual 

ris!'- linw 'tltd d\'cn1·- t iuw, thus f >nning a qua~i-s.n\1111 ·tric time profile. To cYaluat(' 1 he 

tinw a~yttmtctn· or lh<· light r·utTes in variocts (·uc•rg_,. bauds. we used an applied technique 

intm lut:<·d by 1\all"<lf.llldti t al. (HJ!l8). \\"e discover('(! that the ,_nnmetry of lh timr 

prolilf- !<'tHis to break dow11 at loll"l'r X-ra.'" rnrrr,ics both !"or .\Irk -121 {Pi un' 1.1-1) and 

PI..:S 21 :i:i-:10 I ( Pigm(;' .I 0) 

Altnllter itnporlant dihro,·en· i& lht> clde lion f ·hard-lag· flares. Sueh au II/IU-<urtl 

brh<ll"iom wa,, first implif'd fm PI(S 2l3:i-30-l (S(• tulm.r <'I al. L!l03 ). but 1nts 1101 con­

finn >d dtH' to Jintilrd ph11l011 ~la[islies it lid ShOr( l'0\"('1"<\g€ of jll"l'\"iOUS obserl'al iOnS. \\ "r 

<'lllttimwd that tltr• J>(lr(l(/l{lnl thnt thl' snft X-r<l_,. l"ariatir•u~ alll"ays lag bd,ind th ltnrd 

X-ray ntriations ("~ort lai( ') 1\"a& not P,<'HI'r•llh· tnt ill fad. ll"e detected cotnp!ir·;tted 

10.1. Sl".\1.\l.J.R)' OF 1?£ CLTS J,j!J 

mixturf' of ·snit lap,· and ' ltard lag· clnrinp, tl11• 1 -da.v t>hs<·rn\lit>ll of .\Jrk 121 i11 J!)!J, ... \ ~ 

nta111· nuth ro lta,·r ~up,g<'~tcd. ,·,ri~l,ility a!ltplitud<• l<'nd~ to lwt"<>llll' largt'r a~ pho1o11 

eurrgy iuc rease~ . hut som<· clear Pxr·r·pt ious ll"~n· fou11d, 11 hidt may po;.sihh· n •lat ,,d t t> 

th ·hard-lag bdta,·iour. (Fip;ure 1.~-1). 

X-ray Spectral Evol u tiou 

ru the X-ray ball d. photou spectra of thos(;' T('\" blawr~ itrP Wl' ll r('jll'!'Sl'lll<'d In· a ]Hlii"P r lull" 

form. but smoot hly slcepeni Hg to highrr (•uergies. U inl!, :1-,I"<'>H ct mtpll'll' sa11tplc~ of AS C. I 

and RXTEdata. \l"f' c<) tLfi.rm rcl a gcn('ra l tr('ud that the ~P"(·tra lcntllu ~'"''11<'11 ll"h,·utlw 

snurct•s bream<· fa iu l<'r (r·.g., C:ionu11i <'I a.l. l!J!JO). It is also uotrd that low lu111iuosit _,. 

Tc\ · blazars rend to haw flat t<•r ']Wet rum (Figurt• 1.21). posbihl_,. iHrlicat i11g " ~llhH>I h 

con Heel ion to olht·r typ<'s of bla1ar classt'!>. such us LI3Ls aucl Qll13s (~et' Fip,un· 2. L 1: 

Ghiscllini t·t al. J!J!l8: 1\ubo Pt ;11. 10!l8). 

Tlte pe<Lk of the ~.n tdtrol run ro Ht poHenr (LE <'o tupottcllt) II" tiS dPtr•tlctlll·it It AS .'A (in 

conjun(·tion 11·itlt tlt(• data in olh<·r ll'awlt•ngths) for nil Te\ ' hbm1r~. \Inn· n·tlll!rkaltl ,v. 

11·c found that tiH' position of tbr peak shifts front lower to hip,lt cr ent'rgy wltcn the"'"'"<"'' 

bee-on e. I right er. We ;;h wed thnt tlt€' ~pertral c•,·oln tion f \ Irk -121 indi~aks 1"("1".\" Iiiii•· 

change in th · peak position (0.- - 2 k<'\.), while \Irk :iOl rc·L·ords l>~rp,<'sl shift t·l"('r 

ob,crl"ed (1 - HlO k(•\": Cat~nesc• ct Ill. l!l!l7 antl Pian PI al. ID!l8). For th<• lir~t ti tnc· . 

ll"l' sucn·ccled to qua11til\· the correlation b lii"C'Pll the peak lnminosit.•· (L 1,) aud the pr·>~k 

t'llt'rg_~· (Ep) (P igur .l!l ). \\"(' l"ouud £ 1, x L?,· 1 ft>r :\Jrk -121 and £ 1, · Li;(j for \Irk .:JOl. 

This Hatmally indit"<llt•, that tlw ori ill or the llan· Dl<\.1" b<· cptil(• difJ"pn•ut iu lhiiS(' lll"n 

objects. 

In ter-band Variability 

The n·sults from s '\' ral prE'vious campai 11 lmd 'nggesktl I hat til(' vmiahility iu IJiazars 

~'IJrr<"lates in multi-frl'quctlc~· haud~ (e.g .. \ Iacomb <'t nl. J9!J.j: Duckley ('[ Hl. l!JOG). 

llowcwr. non-simnltancit.'· of ohs<' rl"alious and/or rather spaTRc satnpliug pn·,·c·llh·d us 

U"Olll c-onduclillg the inl r-hand nuia bilily. In thr> pH•&eutwork . .\Jrk -121 aud .\ Jrk :ill! W<' r<' 

iutcns ivel,·monitored iu both .\.-ray and Te\' ~·- ray lnlllds. pro1•idi11g c.rrwlly silllllilan<'OIIS 

X-nty and Tc\· Jinx infonnatinu iu 1·arinu~ ph<li>CS of snun·r· al"livit_, .. \\ 'p f\nmd tlt:tl 

1·arintions i.tJ ke·\ · aud Tr·\· bands are well •·orn'lated (lll litn<' scalP or a day to 1·r·nrs. \\"t> 

found that the antpliturl of ,·ariation i~ ,omp<trabl(• i.tt hot h eu<"rgy i>uncls for .\ Irk 121 

([X-ray flux] [Te\" flux]: se<•, Fip;ure 9.3). whilf' qwulratic lor ~Irk .j()J ([X-ray fluxf "'<. 

[Te \ " flux]: SPP. Figure O.!l). 
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10.2 Dynamics of Rapid Variability 

In tlw following. "''' disru~~ dymnuind 1 inw st·n lrs \\'hich ch~ral'll'l'ize the mpid mriHhiJ. 

ity iu blazar~. For simplicit ~·- m' "·ill C'Oil~ide i th<> &~·u rhrotroll pron's" <1S the domianut 

r-oolinl\ pm<·<'~s liu· !ti ~!J Cll('rg,,· d<•<·trons, igll<ll'ill?, 1]1(> inven. Compton cooJing. Thi.' 

11 pproxilllilli<>ll is ,.,, li d for TcY blazars bC'cause (l) til(' synchrotron luminosity is gcu~r­

ally grPfl lf't than the• CIJlnptou lulllinosity. ami (2) t lw r('([uelion of the cross S<>ction in 

tlw 1\l<·iu ."ishiua rf'ginll' sigr iti .. aully dPcH'<c~<'S tl11· Comptou "·atlrring c·fticien .. y. ). lore 

d<'lail!'<l di;c us~i<llt will lJ<• giw·It in ~ lO.G. 

10.2.1 Syn chrotron Cooling 

Th!' nc111 l]wnual <'ll tisbion of lh<' lo"· c·nerl!..' . (LE) c·ompoll<'nl is most like!_,. prodnc·••d I J~­

synl'!Jrol ron elltbsiou frotn high eJH'rg,v f'lc-ctrons (set·. s 2, ~ 3). :\- ra.1· Cllf'rgy ha 111l is 

ro nsirl< ·rr·d to l,e I hr hig.lt ~st part of LE r· oinpon<•ut for T<> \ ' h!anu-s. Coolin g, rill (' of 11 

s iugle t•!('(·Imll 1,_,. sy 11 chrotroJI rad iation is gin•11 iu cqunti 111 (3.3-1). Thns the timr lrnol 

whPll Hli an <'lectrou los<:'. half of itb uergy would rough ly be (in the ob&en·er·s l'r;une) 

( 10.1 ) 

wlwn· -. i' tit c· rkctnHt Lorent z factor. Si tt ('P the pc~k ohsE'I'I'ed frequency of lht• syu· 

cliroiiOII cinissiou i~ rp[;,t.-d to -; b.1· <'(fll<ltion (3.32). 11·c fou nd a simplP relation. 

(10.2) 

ll'i tc•r" E:k.,1 is I it t' ohs ·n·c>d ph Non (' llerg_,. in kc\ · and b i& a h<'<Un ing factor (Takahashi 

l'l :d. l!J9G). Sine<· the cooling tiuw is proportioual tt• ')- I. higher t•urrgy l'lrctronK cool 

mu.:h lits tc•r titan lower c· n rg.1· riP<" Irons. which Ill>\'' ac·<·oun t for the ·soh -lag· h<·h<l\·iour 

ufto •IJ oh~c·rY<'d in TP\ . hlazars. 

Ll .1· rakulntint~ the Disn I<' Correlation F'uurtio11 (D 'F') in ,.a iious photon CII C' rgies. 

TakahH,hi rl a!. ( 190G) found I hal t hP soft X-ray (E < I kl'\ ·) 1·ariability lagg<'d behind 

Il1al 1'01' ha rd :X rny h11nd ( E > 2 k \ ') b_1· I x JO" s ·c. to11si~tcnt with our pr<'H·ut <tnaJ_,·si; 

( Fil-\ urc• /.20). TJwy asso<· ial cd lhe sol't -la' with lhl' clift'l'rence of coolin~{ lime 11~lh re~pecr 

to th<' <'nN~,· and dc·rii'C·d a ma~nc·t i" fkld /J ~ 0.2 ( t\ j::, )-1/:l (G). Importantly. thih " ·"·" t h<' 

first •·asp ll'hPn· Ill<' mngneti" field 11·as taknlatc·d on I ~· from thC' obsl'!'Yed X- ra~· .~·a1·iahility. 

Simil<II <t pproach ll'il,., adopted by 1..:>1taoka N a!. (2000 ) lor 1 hr PI..: ' 2133-30-1 lim·<· 

iu 19!J-( (~ /.2 .. )). Sine" th<' X ra\' light <"Ut'l'e dmin )l, the f-lml' W<IS ,.<' t'l' s~·m mPiric, the,\' 

<'Y<Jn al<'d the· tinw l11 p,s in 1·arious -ncrp,y hands with more diret t mct lt ocl thAn the DCF. 

and l'Oillpa tNl the n·snli s 1.1itlt tho~t· o!Jta inr-tl from D 'F. Tiley fitt<'U the li?,hr cun·l'o Io 

10.2. on·.-1. .\ lfCS OF R.-\PlD U RJ.\DJLITY JGI 

a Gatissinn aut! se<1rcl.J •d for lil t> time ::.!Jift ,,f tlw p<·ak ,,r th<· liar<•. lu thi~ modt•l. thP 

plwi on conn ! rill<' al au arbitrary tiuJ c' I i> t'Xp r<'~st·d as: .ftl) == ('11 + CI x l'Xjl [-( / ­

/1,)
2

j:_ IT
2

], ll'hl're 'n is a l'OllSialll Ofi:t't, ('I i~ lht• lllllpJittid(' Of' ih<' lim e l'lllllpt>lll'nt./p ih 

lh~ pNtkiug time. anrl rr is the dmatiou of the fl ~n·. n·~p<•din·h-. Th<' light <"II I'I·c·, 11'1'1'(' 

di,·iclecl iuto 10 lugaritlnni<'-eq ual <'nl'rg_v hands from 0.3 ke\ I<' 1.0 ktY (J'or th<• SlS d<ttu ) 

and 0.1 kt-\' to/.:; kt·\ · (for the GIS daiH: 0 hnnds) .. -\ G::n~>sian lll'O I·idc·s a sutlic-ii'Hl lit 

(If the I'C'Stillaut r•nc·rgy-IJiuucd light l'III'I'~~: the·\ 2 prol,ability of tit <• li t wasP( \ 1 ) 2 0. 1 

li.>r 12 of 10 lighl•·un·es. :;-ole h'' I't' (hat lh <'H' ll'as nnt nt11' systl'matie (pa•f,•r<'nlinl) ln•nrl 

fur the rlat~ whose probabi lit1· P(\ 2 ) an' 1<- s than Cl.l. In Figur<' 10.2. wt• ~how <'X11Uiplt·, 

of the· Gaussia 11 lit. whir h turned out lt>lw a good rc•pn·st·nlalion •>I' lht> data. 

~ 

' !l 
.:!. 
!l 
" offset {C0) <>: 

§ 2 

0 
t.) 

0 

2.5 

.... 2.0- 3.0 keV 

' !l 
.:!. 
!l 
" <>: 

= offset {C0) 

" 0.5 0 
t.) 

0.0 
0 2.0e4 4.0e4 6.0e4 

Time !rom MJD 49491.24 (sec) 

F'igmc 10.2: A C:au"iau lit to 1 It<· tiJUt' prufil•· u[ PI\S 2l5~-30 I tluriu~ tlw IJ11n' iu lO!l I. Tl•e t·ouut 
ratl·~ of btuh SIS t i N('l'tu r~ an· ~utuuwd . ·nw .:mlid liu<· eorrt·!i]JOIHb to thr IJt·st fit witlt a Gau-..:-ia u 

fuuctiuu ~in·u iu tht· t(·Xt. pp<·r Pand: Li g:ht <:urn• in tlw 0.5 - 1.0 kt•' hHud: \ ~~··I =- l.!j for ~IU dof. 

Lower P <tnd: Ligl11 c:un't' iu tlu.' 2.0 -3.0 k(•\' baud: \;,.tt = 1.1 for 10 flof (fil{ur<· frfm1 Kataok<.t c.·t al. 

2000). 

Figure lll .3 (a) ~hows I he depcmdr·nc·p 011 C' l! Prg_v uf I lw ll rtn· dural inn dc•rin•cl f1·om 

filling the ('IJ <' rp;y-b imwd ligh t ·urn'S. Thir, result it> r·ousist,..HI wit h 11 cr,ustnut fit of rr 

== t. j x 104 
(> •• Fig, nrc 10.3 (b) sll<m·& II If' r•llf'rl!;_\' d<· lwud<'llC'<' of I he flare• IUuplit uclc. 

clPfin('d as the ratio of the nonnalizatiou uf the flan· to lltl' roHslalll offi,<'t: .-lp = C 1/C11 • 
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TltC' llan· muplitud•· b('('OiliPS largrr as tht" phol<liJ c•Jwrg~· iu<·n•a,<·s. Thi~ is most[,· due to 

lht• dt•r·n•ilnl' i11 J]Jf' <·on,laul olt'set (C'11 ) nl ltiglwr l'lil'rgit'S. Iu olht'r words. lhC' SJ1l' ·t rulll 

dmiug lilt• ll;u· .. i' lnmkr I han thai in IIH' quiC'S<'('Iil st;ll<'. F'if\"ure 10.3 (c) ib lht' lag of 

!he pr•r>k liutr·. r·~lnilnll'ri from till' dift'>•rPn>· nf tp of the Gaussian. as cumparc•d lo lhat 

Jll('i!S>Jr<'d i11 tiJI' 3.0-7 .. ) keV b;llld .. \s ~lto11·n in tlw figure. tit(' hnrd X rny (3.0-/.:i 

k<·\') ,·,riahilil\· l<.>nrl, llw son 'i: ra~·s (0.3-1.0 kl'\' ) hy ~ 1 hec. F'inaJl_, .. Fi!!;urf' 10.3 

(d) ~lwws llw tiuw 1'11\ nH'nsttr('([ fr<>Jil DC'F trrltnique. as w11s thr cas(' for the ~ Irk 21 

(Takahm,!Ji <'t a!. lDDG ). Lag is consistPnt 11ith I l1Rl e'stimatt'd from l he GaussiHn filtiug. 

~ 3.0e4 3 .0 
u (a) (b) .! 
" ~ 

* 
'0 

c .3 2 .0 0 
::; :a 
" ~ * E 1.5e4 -ti'K& 
" v ~ 
'0 II 1.0 *~ II .: 
'0 0 SISO+I -e-~-& ] X GIS2+3 
to 

0 
0 .5 1.0 2.0 5.0 10.0 0.5 1.0 2.0 5 .0 10.0 

~ l.Oe4 (c) 
]':1.0e4 (d) 

~ 
> > 
~ ~ .., ... 
"' "' ~ ~ 
I I 

<') I.Oe3 <') I.Oe3 
8 8 
~ ~ 
.5' .. .s 

l.Oe2 I.Oe2 
0.5 1.0 2.0 5.0 10.0 0 .5 1.0 2 .0 5.0 10.0 

Energy (keV) Energy (keV) 

Fignn· t 0.3: ~ I <·"""''''"''" I of the pm·<t>Ut'tl'ro dt·><Tibiug Jilt• 100·1 ~ l ay flare of PKS 2155-30-1. Till' 

t in-It•:-. <H't• t.'OII1hiul'cl ST thna, wllik·llt~ <.TuiS~t·s an: eolllbiiJ(.·d GIS chtt~l. (tt): Tht• Han: dur<~tiou, c:-.t iumt (·d 

h\· lilt' :-.t~w•hn·d deviation. a. of liw Gau'S!"i<ut tils at \'<lrion:s X n1.'' t· n <·t·git·~. The· ·olid litH.' is a ('011:-.tnJtt 

fil (a=~. -, )( !0 1 't'd. (h) : liH·IIan· iltllfllitul l<· (Ap = r,fCo) "' \'<ll' iOIIS X ray Clll'l'git>. dt•L<nuiul'O ,, ... 

:1 Gau,:.iau lit. {f'): Tina• lat.; of photoJI.l,. of variou::; X 1'~1.'' t'lll'IJ.:.if':- n·r~u., tit(.• 3.0-T.5 k<· \ · baud phOttJil!>. 

rillr-ulaH·d fn,ln the pt·a~iut, tiuw dt•tet'luiut·d by a Gau-.:-oian fit. Tltt• ~olid liue i~ tltt· IJC•:-.t fil \\·idt a 

futwti(JJI ( lCJ .:?). Llu· ( J(·~I lit panutu•tt 'l' b n = 0.11 G forb= 2J. (d): Tiuu: i.flb uf pltotuu~ of ntrivu~ 

X n t,\ t 1 1H'q~it•:- '<:r:-.u.., tlw J.U-7.:) kt· \ · IHutd photon .... <-alt·ui<Ht'cl u::-. iug t lu• di:::;( 'H' t<' fOITt·larioJt fuiwtiou 

(0 F). Tlu· Mlti:l lilll' j, tlu· '"''' fit wi ll> :l fumtioll ( 10.2). Tilt '"''I lil })lll'llltll'i l 'l' j, a= 0.13 G for~ 
= 15 ( lif!.n r• · f> '"'" K:u:wl.11 ,., a!. 20011). 

Jntporlantly. (II\) nll'thu Is lll!'Uiioncd <1bm·c yiPidPtl l'(l!lsisil'nt valncs for n. Tlw,r 

111.2. on·A.\fiCS OF IUPfO I:\RJ.-\DIL11T IG3 

found fJJf' llli.l!!;ll<'li . tic·ld for PJ\S 213.)-30 I In bt• n = (0.12 ± 0.02)(tlj:1,i) I :1 (G). 

10.2.2 Smoothing by Light Travel T ime 

F'ront J'I'Stdt - of :\Irk 121 and PI\ 2l:i:i-30-l. <1111' t'ill l ;!pprnxiJn<ttP lh<· l_,-pit·nl \'<tl!J<'' 

of tbt• magnetic tit·ld fl of :\ Irk -121 and Pl\S 210~>-301 ''' IJ- !J.l - 0.2 ( :). ll'ltl'll" 

b<•<tmiug fartor iH b ~ 10. lu urdl"r to tlcri\'!' tlte 111agul'lir fit·ltl fromlht• 1inw lag. \\'t'IIP<'tl n 

complete sampl· of Hares. l'ufortuu<H<'l.l·, we do uo( IHt\'P iln_1· s:u uplt•s of ·nllllpl it• !l<tn·s' 

for ~ I rk :iOl aud I ES23-I -I+.jl~. \\'ith the Htagurtic lidd of ll - 0.1 !G). 11·<' rau <'~tint<llt' 

tlw cooling limes of el<'ct rons whic·h •·util pholtlus of l'tl rinlh t'lll!rgiC's from ••qual ion ( I 0.2): 

1,00!(0.1 kt' \ ·: L' q ~ ~ X 10 1 (~cl'). 1,00J( l kc'\': sort _\ -ra,,·) ~ l X 10 1 (set·) and 1.,,,1(1 0 

kc'\': hard :\-ray)~ I x l!l'1 (sf'<'). 1n lhe .\-ray ha11d . co~> lin g tint<' is IIliich ''""'ICr tha11 

the• tl!'eay timt' of an t·ach flare "''<'Ill. .-\sis c-karl.1· HC<'II in lht· light I'Jirn·s of \ Irk 121 

(e.g .. F'igme 7.2: sPe also Figur(' t0 .-1) and PJ\S 2133-301 (Fi!!;llrt ' 10.2), t,·pi•·al tiuJc• ~ralt· 

of the· decay in a fla n• is 0.3-0.3 tla.1· l'or lhe.e sontT>'S. lt Hhonlrll>l' »lso unl pd that til<' 

time scale of l it e rise in " liar<· is abo D.3-0.;:; tlay (s<'<' nbo, ~ 7.2.3: 8.L:l . 

T hi ·lc<u·I.'· indica! •s that a llll'dumism C>l lwr lhitll sy tt chrotrntJ rot:liul-(. al'lnally d<· 

ten nines the tlec-ay-tiul(' of t'ach finre. The most tJ ;tru r~ l intrrpr<'l<ll iot1 is 1 h<' -~1110ol hwg uf 

rapid variabilities by SOII ITC li!!;hllr<n·el tim<" { •.g .. Chia lH•fl\<', · C:lti&c·lliui. J00!J: l\';1tanka 

el al. 2000). Rapid nuiai>ility on lime c-a le shorll'r thau Rjr·, ll'h('rc' R is 1hr ••mi,.~iou 

region size. canuot bt' ob. en·rd. b('causc of thr rt>laxntion (snJnt>lhing) hv the li.!!;hl travt·l 

etli>cl~ on•r the source >II n lip.hl -cros~iJII\ liDJf' sc~ l c. The obset'\'HI inn a! f~ct lltnl ri;,c nud 

decay timc-scales of the ~!tort t crm I! ares arr• ll!:'arly e·outpnraiJk•. IJI'ars intp<Jrt :tt>l c·nu­

scqtJ('IIC'cs (Figure 10.2). l n farl. il is high]~· unlikely that tl1ese· timr sntl•s art· dirr!'ll.1· 

M'o 'a t0d with the particl ac·c ·]('!'~lion ami <'O<>liug tiuw sca le~. since· a priori tlt~re is nn 

r~ason for t lwm to he <"qual. aud 11bs<"t'\'ed eq ua lity would lw a\'citlPulal (G!tis<' llini ,., nl. 

1097) 

This simple idea \\·ah confirnwd b.Y a dt'l Pl'lioJJ of <•nergy-dqJ,.JIIlf'IW<' of tinu·-as~· ,nuwlry 

of tit<· light l'lll"\'f'S (Fil-\ttr<' 1.1-1. 8.10). \\ 'e fullnd two import an! prop•· rtic~ iu the· li •It! 

l'HITt•s : (i) tinw prolik•b of Te \ · hla7ars an• almost s.vmmt"lrit·. but in llw strirl Sf'IIM' . 

!hey arf' cilaracterizcd i>y th · T<1Jiicl ris nud gradual d tay·, and (ii) tltf· ~nnw try r,f 

tl1e lime profile won' s1 ronp,IY lm .. ah down at lowl'r t'ucrgiC's (lj 7.2.3: 8.2.3 ). Il siJU11Id 

bt:' noted that b th of l it~·~~ art' lllObl nnturally interpn·tcd hy th~ i>ru:u,l·(' of 'rJolitt!\ tinw 

Urooll amllight traw l•imr (!., = Rjr-). SincE' cooling titllf' hrr·onJrsmmparaiJII' with Jlt P 

~0\IJ'C(' Jighl lraq-•J ti lll<' nn ly at J0\1'1'1' (' ri ('Ig_\' handS, ~lllOOl!Jing Of tapir! lillll ' \'ariabi Ji t)' 

&boulcl he• more important at lti!!;lt Pncrg,v :\-ray band. fonniul\ a h.'' IJIIlll'lli<· litH!' prufilr·. 

\\'<'show an example oft in><' prolilf' of a ftarf> in Fig11r0 10.-1 (~ Irk 121 i11 LD!l : tin >c-r<'gioll 
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#2) whid1 r-ltonrl\· rlruH>II~tntll'~ lht> fa<·t that thf• hard :\- ra~·~ d<·r~yt>d more rapidh· than 

tbr ~coft :\ ra\'~ and r\· plwtou~. 
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Figun· lOA : Tilll<' protiltos of a lf;u·• of ~ I rk -121 oiJ,.·n·t•d in 1~08 ( liliiC·regiun # 2). tup (a): EUYE 

(-fl . I k•·\'), ""d'/1" (h): ASCA SIS (0.5-l.O kc\·). r,ollum(<·): ASCrl SlS 3.0-1.0 k<>\'. :\ott· thai lin"' 

profilt· C)f !lit-' tlan· h('{'f)lllf'S 111on· hYIIIIII<'lril' H.t ili)!.ht•r <:IU.'I'f..\' IJ1-uub and t\IuplituJ"· of \·aria.hi lity b i<:Lrgl·r 

l:L., illt'[NL"lill!!, pb01 Olt I'IWt'b~·. 

\\'c· >lllln uo!P that lh(' iwporlance of liglil tra1·!'] tinw (/cr.) is implied from another 

n·a~ II . ill Figun· J [) .. :;, 1\'(' ;,hull' the timP profill'S of dilfl'rcnt t_vpes or Hares observt•d lor 

.\ Irk 121 iu I!)!) For llw llnr0 in timc-Tf'l\iou #2 (s€'1'. Fip,un: 7.8). we ran SE'e a sym nl('lrir 

I riangulnr ~hap'' wltosr· ris<'-linl(' and tl<'ca.l·-t inJI• ar0 ll<'<trly e fUal. Howe1·er. for lli flan' 

in tillll'-n,gioll #'J. II'<• n111 M'(' a plateau in the ligl•t Cllrl'('. For I Iii~ particular ftarf' (#0), 

nft<'r tlw flux r<'achl'rl the tU<Lximmu, il rcnwim•d almc"t e<>Hs(allt for 0.-l day (Figun· lO .. i}. 

This ittdiealt•s ll•al. for llil' f!art· in titHt··rC'gioH #fl. tlw ei<'clrou and photon distributi on~ 

won!<! lin''" <'Hough time to n•arh a ·new· c•quilibriun1 slate, am! form a plateau in the 

lip.lll t·url't' (c>.J!. .. :\lasti hiadis ~ 1-:irk l!J!JI: 'hiahrrg<' ~ Ghisclli.ni l!JDD: see also li ll). 

,hsunw that th<• flan•s arl' c·xplainl'd b.1· a shock front propagating through tJ,r c•tni:--5ion 

n·giou. sn ppl,riup, fn ·slily <l('('(•lcnd<·d electrons on ly ill t h(' front's l' i cinit~· ([\irk. n iegrr 

,\.: :\lahtithi;tdi:-- [Q!) ) .. -\ plntc•au in tlH' light C'lii'Y' appc•an. Ollly 11·!Jen I he cfuratiOll ol' 

11 ehan}',<' in <'l<·•·t rou i1t.i<"<'l ion Uini) is larp.t•r tlllut I,.,. Tlti~ rorrespoutls lo a phYsical 

ronditiou iu 11 hirh shork ,·elo it1· b lllltd1 ,lowpr 1 h;ut the sp<'ed of light. hc'l'flltSf' !liP 

injc•dioH pro<'PS~ lakt• R/1~ In iufl•triU'<' thr ll'holr r<'gion. whrre 1; is lite shot:k n•loritr. 

10.2. D\-:\'.-1.\11 . OF R.\PID URI.\TJILrn · ](j.j 

ln thi~ C3SP. newly arcl'lc•mlf'd elrl'lrons an• inj<'cted to th <'Jlli~sion r!'p;ion for 1;,; > 
ln.· On []Jp otht•r hand. a h.l'lllllll'lric lriaup.ular hhapt• or til\' li~ht C'tll'\'1' ('OrrC'~pund~ '" il 

highly rrlati1·i~lic shock. \ ~~ 1'. fu ;tm· CI\M' . prc·scnt ub~,·n·ntioual cl;\la indi1·a((' lh;tl tli 1• 

bafaur-(• Of lnnl tinn or an in_jl-('1 ion l'l'l'll( l;nj ill Ill SOli IT<' fi;\lit t ran·l I illll' 1m is illljHirl iiJJI 

to Lfpscribc lht' rapid 1·ariabitity in i>laz<trs. 

realon 12 region 19 
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Fig11rC lO.j: TiHt<' profilt'!> of two diff<.·rtlll tlan·s of Mrk ·121 oh ... <·rn·tl iu 1998. SIS lig·ht en1·n·~ of ''Jl(·r~r 

b<nH.ll.0-1.5 kt:\ ' (IJ"l' vlotttd. hjt : timt.·-region #2. ri.t~ld: titlil'· l'l•giuu #0 ,.,,'(..', ~ Fisun.· 7.8). Noll' 

llmt it pia(Ci:Ul appea.r!> iu th(• li~l1t <.'UI'n.· of #D. whos(• dunttiou of ll;u(· i-. )()ugn tl~<w that uf #2 . 

10.2.3 A cce le ration of E lectrons 

.-\s we l1ave seen in pre,·i us se ·l ions, e.l ctmns witl1 biglt<·r <"IIL'rg_r cnr,l fabler than <'b·­

lrons witl1 lower energy (I'""' - ,-I). T I!Us if I h(· nature or rapid l'lHinhilily of llt(' syHI en1 

(.{lore) iH controlled hy m .;/rt lllflll m1s iujectio11 of r·lt•riron. np I<• -,.,, •• >uHf t•H·rp,y loss 

by radialiY€' cooling, . oft X-ra.1· ,·arialinus should n/,roys l~p, b •hind theN• iu the hard 

X-ra~· band. HOII'l''·er, II'P are nll'arP IJtat I hPn· ll'r·re nb~l't'l'al inw; iu whi lr 110 1 imt•-IHg~ <•r 

oppo~itf• sign of lag~ wt>rc· rt·poriNI ( ('.1\ .. Scm bay f'l a!. J 0!)3: Fii\III'C 7.10: Fi1111rP 7.21 ). 

Cnriousi.'' . . nth ob~cn·ntious 11·ere only lit liP srudiPd nr forJ\Ollea iu prP1·ious worb. proh­

nbly b cause il r11nnol b<• unclerslf•Od l1y a simpl0 h~·nchrot rou l'ooliu • bC •ua rio . Auollu•r 

reas n might be that ob~en·alirllls wer<· roo short 10 cm·N th<' 11·hok· flan· dnn\liuu, tllll~ 

redu iJlg a muti,·at ion for stron ·I~ · arguinl\ tlw prP~f'uc·p ,,f sud1 1111!1 ·5 llrtl bc·ha1·iour. 

l'llinterrupted obserY><liou of .\ Irk ·121 iu ]!)!)8 n·,·•·>dr·d that tht• ai·lnnl l:oi lnatinn i~ 

tnuch c·outplex thau we had r•xpcct ed. Si191 of lag~ l1ad d1an •Pd flarP 1>_,. Jl an· (Figun· 7.23 ). 

lu somP liar<'b. we act u>tUy tkl('(·tPd <·omplt•tely op] ()bit c· IJ •ha1·innr. ldiC'I'P I hP ~oft ~'1:-ray 
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variali<>Hh I" o rdu/ t 11111 111 rlll' hard :'\-ra.l'h ('hard htg·: h~<'. Fignn• JO.G). It ih r-if'ar]y 

~hmm that tht' rintl' 1·ari11fion in low('r Pnerg1· bi1nrllap.s behiml tlwt in the high<'r eucrgy 

hand. \lt•rhani~lll otlwr than tht• Sl'll(' hrotron cr•oliup; is ll<'C<'s~i\r.l· to HC'C(ltlltl for thp 

HirJtJ'(T l'l'hjlftll~<· for ltip,hf' r <•ttf·r~· Plt'cl rons. 
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Pi,'llrt• IO.G: Tiulf' protilo•s of <tllar<' of::\ l rk ·t21 oh><•rwd iu tDD (tiul(··n·~iou # ). Ill}' (a): EUVE 

(-0.1 kt·l'). ,tiddlt (1. ): ASCA Sl (0.3-1.0 kt·l') . lwllow ( .. ): 1LSCA SIS :J.0-/.5 kt•\'. Nme that til\' 

titJI(' ,-:tri•uic.HJ ilt hi~hN t'lll"l'~· band lag:-. hl·ltiud t hat iu llw lowt•r t•tH·rgy lnUtd (!tard lu!J). aud \·a riaiJili ty 

~Hupliturlc- j..., •diUO"l rqtuLithrou/.!.h EUVE 10 A5'CA. 

Sill<'t' lh!' ('Ouliu~,; l ir11L' ,,r rl C'I.I'OIIS i a fun tionul' n (Hid r\ (~·quat inu ( !0.1)). it might b~ 

C'XJH'C'Il'd i hal I hr rttagnet ie filed attd/o r l.wami.ttg fa tu r dt~mgrd flare by tlarP. llowe1w. 

this i~ llc>l phln~ihl<' I'L>r 1\1'(> rca~ons. First . t'I'C'll if tit<' IIH\ tnetir field i~ nu·iable, ollt' 

<'annnt account for tlw ltard lag ('zero-lag· at most: sec eqtwlion 10.2). Second. sintc ilw 

~.rndtroii'OJI (•tni;,sil·ifl' is proport ional to nt (<·.g .. (•quation (3.3-1)). chaJJg<:>s in mngnc·tir 

fidd int·vit~hly IH>llid cause· a lar •e-arnplillld<' ,·,u·iation.- al,;o in the lowest energy band; 

( c.p, .. rndiofopl k;tl) as \\·('!] as :'\-ray bandA. Tit is has not bt>ru nbsen·('d. Opt ieal flux 

{R ha11d) fill' \Irk 111 during rhe 190 ASC\ obsc•JYalion (2.J -30 . .l.pril ) ~ho\\·C'd only 

lillt<dlllntttullion withinl2.G±0.l(fag) (\ l;lltox LD99. priYalec·o1umunic~lion). hall)\('S 

nf IH·atninp. J'al'lor. r.p, .. du<· to rhc b<'lltli.np, ofjt'l (\\.agHN <·I ;11. l!J!J3) mip.ht <'xplain the 

dt;llll(t'S of r'C ><>lillg tim<.'. ]] t>\\'t•\'('1'. it j~ nul p]autiih]e ]wrausc the fluct.ualiflll nf hc·~ming 

factm prodnt·l' t·nrnplc-trl.l· cohrn'nl 1·ariations i11 l'llc•rp,Y (SC<'. abo !i 11.7). Such cohC'I'l'lli 

1'ariabilit .1· Law u·\·;·r ]l!'Cll ob~rrvcd for \Irk 42l. alllwugh this tnighr had IJ '<'II thl' rm•C 

10.2. Dn· .. :uJIC OF R_\PlD \'.\Rl.-WIUT\ . ]{)/ 

fur a p<trticular llarc of 2L);j-30.J olJ;..t-n·•'d iu 1001 (~<'<'. Edc•lson ;•r al. 1900). 

In T('\. blazms, Wt' I l'lit•\'t' that uJ.u.l 11<11urnl ittl('l'j)l'l'lalion of ·hard In!-\· bt'll;ll·iom 

i' ha&Pd 011 tltP !il'l'<'it•rali<>n of<•lt•ctrom; >~l ~huck front fH"Iulalt•d to exiot in hlawr j r~. 

Hch H sho~k is ~xpcl'l<•d to he prodncl'tl b1· ~(',·<·ml dilli·n•nt 1\';\1'~. fur <'X<llllp1<'~. lw <1 

collision of emission blob with !'illtTOUJJding matC'riab in tlw 1·ir inity ld'tlw .i<'l (t•.g .. 13Ln: 

sec, s 2) and/or by a collision of blobs mo1·iug wir h dill't•n·ttl hulk Lllr<'nt z far lor~ (/lilt I'IWI 

.•I loci; Sl'Pmlrio: (•.g., C:hiscllini 1 !J!J!J: S<·l' also tltC' dif>clb~ion lwlow ) .. \ o ,, .•. d""''ril Ptl i11 ~ 

3.1. \\'llen tht• low l'UI'l'IS,\' electron. arc injedrtl into tlw f>hul'k fr >Ill. lht·\· ar<' gmdttHilr 

accelemted t hip,h<·r <'llNP,i<'~ np to tlw ma.'citnunt Lon·ut z factor -,,,". when• rndiatin· 

loss ;urd ent.'riS,I' gaiu are equally haJam'Ptl. Tlte <'fli i<'UC',I' of :wrl'l•·ntl iu11 i» ••xprl'~S<'cl 

b1· the acr·elcratJOII li111C' .~crdf. l ace (f,<' ·. s 3.1.~). Iu pral'lin·. Ia« would llf' dqH'ndenl 

on the electron <'II ·rg~· iJl accordancr will . hock <H'C'<'Irration tll·rwc~s. Fnr l.'x;unplc•. l .oe. 

(/) -, for dil!'u&i\·e arcdcratiou with a ·gyru-Oolnn' pmc·c·~' (r. • .. lunut· ,\: T;~k:tliam. 

l!J!JG) aud 1 1 ~'1 for fully Llc,·elopt:d 1.\oJmogorm· Lurllnlcnce . .-\lr houp,lt \\(• n . .,~urnr lw 

lobe con~ta nt for simplicit~·. Llie l'<>liowiug di&ctts~ion r;ln be npplit·cl for lite t'IIS<' t Ita! tlw 

acceleratiou time has some dcwllllcm·es 011 euc rgy (sec•, ~ :U .3). 

10.2.4 Application of Accelerat ion/Cooling Model to Data 

Let's as ttme a simp!P l'ase where electrons with mnuo-r•nergl'lic Lcu·,·ut z fact or -, 0 ( «: -,. ... ,) 
ill(' picked up (injected) iulo the :tccclC'ration pron·ss at a hlwck l'roul. aurl snl,scquPntl.v 

drift <lll·ay from iulo tl1e dmn1st ream flow. Drifted t'kl'lron~ ll'ill h rnolecl l>y ~yu,.hrotroll 

procc·s. in a !tomogcn<·CinS magm·tit fi<"id D. i11 whiclt t•l l'cl runs c·Jnit rttosl of tlw radial icm 

(emis8iOJJ regiou). \\'e define the ntagtic•tir fiPJd stn•ngth arouud t]w ~IJoek frout IJ. (# 

n iu gcn 1'<11) <llld liH' sh ck \'C ioci t·y \:. \\'e uoi<' I]Ht( Ia•< anrl -lfmX \\'OIIid br· a l'ttnclion 

of IJ, and \ ~ · httl a clrtailcd d<'snipliou is bf'yond Ill<' stop<' of this rl11 •sis (P.g .. t",·c -x 

a.-l \ ~-t and 'max []6-l/1 \ : for diffusive acccJc·ral illll with >1 '{i,ITO- lJuhlll ' ]JI'IJL'PSS: {uou" 

&: Takah;u·a. l!J!JG). 

From the equation (3.21). ,,·c· obtain an upper lirnil on tlw cirl'l ron f'lll'l'f\.\' which nut 

he acrell•ratcd at tinw t. 

1 1 I 
1(1) = (-" - + [:;--- ---]eJq1( -I ft,"))- 1• 

ii11(1X .{1 /IU(L'I: 

( 10.3) 

\\'hat is import aut is that I hr higlwr eucrg;,\· leclrous rcquirC' lu11yr r I itnr· I o (if (I('CC'Irmt"l. 

whir·] , produc .. s oppo:ite sif(n of tiuw-lag C'X]J<'rted fi·out th<• ~ruthrotrou r·ooliug prot·ef>S. 

·Ji ard lag· Lhn~ ap])('ars as a dc·lay in llt<' star! tim<' of I lw llare fm ltig])('r \.-ra.vs. \\ ' lt~n 

ll11• Yariation at obsPrv('([ photon cnf'rg:.· E1 is found to IH' lngppd b<'hintl tlw ,·ariatiou at 
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<•n,.rgT Eu ( £ 11 < E1 ) for-" f (sr<·) . om· fillds a ffimplc rc•latiou. 

_';f 'Co' l,l<.< c\ - l!JI(El ). 
2 Eo 

(lOA) 

TIH• cmn!,inal ion of ·s ft -lug· by rndint in~ cooling in the emi~sion region, and ·hard-lag· 

1,~- n<·cf'lf·ra l ion prtH'!'~. (t•qua t i<'ll ( 10.2) nud ( I 0.1)) 1'<111 hr applied for the 0xpl:watiuu 

of t lw ohs<'l n·rl lwJ.a,·iottJ' of flnn·- ln·-flan• chaugr~ in sign of the lime-Jag. H m~ tak<' iht• 

a<·1·dl'ral imt prut·<•ss into accnuut. ll1c time lng can l)e expr('sscd ns. 

(10.3) 

wh<·n· _';/(£11 • £ 1) is I he linw lag of tlH· light ctti'\'Cs at obseiTC' I photon ent'rg~y E0 hom 

that at thc- rn1·rgy E1 (iu nnit of keY: £ 0 < E, ). 

\\'c i!pplir·d 1 his si111plt• lnoclclto ~ Irk -121 data obtained i11 1DD8. \\'c fixed the magnetic 

li<·ld in l lt c• rmi:-.sion n•giou aud bcmniug l'ade>r to IJ = 0.2 (G) and~= 10. as c:Jculat d 

fr m th<· tinw-lng fnr l!lD-1 data (Tak:l.hashi el a!. 109G). Re•·;mling l itis point. we note 

t ltal lit<· tinw-lag for ~ll·k ~21 in lD9-I is II'Cll rcprc.scntcd ]),· ~yncluotron cooliug t~nn 

111tlv. h<'<'ltlll<<' tltc energy deJH'Itckncc of l.hE' cooling Lim<' cleri,·cd from the tim lag; is 

cousi,l<'nl with thP s_ntch roln1n onling process. V•ie do 11 t nc~d to inlrodnc(• an nclditional 

ae·ce·l~ratio u 1f'l'nt. Tltis corrrspoud~ the phYs.ical e<tsC' in "·hirlt the elect ron popnlatio11s 

an· rapid1>· ( f,1ct ~ 0) HC"Ct·len1U·d frnm 1n to / u1<~x· 

Sin<'l' fhtrP-hy- tl an' change~ of [J ru·c· nnLikely (see above). 11·e .li.xecl the rnagtwlir field 

If• ll.2 C: nnd fit th<' HJ98 data ll'itl t l)ttly t1ll e free P<Hnmt>ter. faa· figur 10.1 shOIYS the 

tnudC'IIil to lit<" liutL·-lag for time-n·gimt #2-fJ (s('c. Figure 1.8). llest fit models <He iwn 

a~ a ,n liel line·. Cp1wr pan 1 ~hull's th ens<· "·h,·n· the 1nagHelic fiehl " -<1S larger/smaller 

hy fil<'lor of2 th nn lhr assnmcd ntlu\' (0.2 C:). but l a<c is fixrcl at lite ])est fit 1·altw. The 

lower ll<lll<'l ttliT('f>POnds I<• lh(• en>< · wheu I he <l'C'(']<'ration tilll c changed b_r factor of 2. 

hut ]] i, lba·d to 0.2 G. 

011<' tillds tb<tt all llH' dnta an• con5i~t,·nt wi lh this sin1ple model ( P(\ ~) > 0.1) >tnd 

that pnrHnwlvr~ (a an<ll•cc) arc w•ll C\nt~traiuccl within a factor of 2. The calculat~d 

•wrull'ration I itiH' ran 't'~ fro111 l X LO" ~<·r to G x lO" St'c: iu obseiT<' r·s frilrn<'. Si nce tl1r 

coo!iup. time nf dl't'l ron~ wltirh l'lllil :X-ra.1· photons at 1 k<?\. i~ 1cool ~ 0 X l 0" (sec) for fJ 

= 0.2 ( :) ;1 11d b = .10. tlt" deri\'C•cl acc-clcratiou time is lll'arl.r equal to I be cc,uling timr. 

\\'(' ~honld 1101 lh>tl iJ a.~ a. tht• 11\TC'lcralion lime Uacc) and roolinp, time (l,ootl ar\' 

<'XIWctrd to h<• halaJH'Cd f(1r Pl<·c· trt'll.'' that emit photons in Uw X-rav eucrgy hands. Tue 

't<·t·p X- m~- photon sp1'1'lr~ of TP\' hlazar& ( l'x _,,,~· > 2: Fi(Stln' 1.21 and 8.1-J) imply tl.ta l 

lh t' X ra,,· band t' () IT<'>'Jlonds to the• ltighe·st part c11' thC' LE rompoucnt. thus rdlecfiug thr 

t•lt>ct ron popula1 ion elos to 1lw -;'"·"· Howr1·c·e. if ilu" magut-tic ticl1l i. · rompr<"sscd ~ronud 

10.2. 0 ) ·:-.,·_-L\fiCS OF RAJ'IJ) UH/.-l./JILJT) - lGfJ 

the sbo ·k. i.e . IJ, ~fl. acct·l<'ratiun tinH' ntlJ lw llllll'it shurtt•t than tlH' cnoliug ti.uw. 

c·\'<'11 in tltC' X- n1.r <•nrr '.\' bauds. 

\·ariabilit~· or flaring b IHll'iour ra11 •ni~t' frout <l lllltllher of rcaJ>OIIS. \\ltl'll Il1<· slto k 

front overruns a rf' ·iou of lilt' jcot iu \1-hich till· loe·a! PIN·tron dcJ1~it.1· i,- •·nlt;llltnl. l]lf' 

number of <•lc<·trous picked up >\ud in.ic·('ll'd into llw arcdcration prot ·css i" e'XJH'CI<'d to 

inc.reaRe (1{irk, flieger .1.: :\ Jasti .. hinc.lis l!J!J ). lu thi, <'<!He, II'(• do Jl!ll t'X]><'l'i. any dtang<'. 

in atCt' leralion I ime. thus valinl iou& Of oh,cn·t•d I inw- Jag~ for ;•ach l]nr(• C'I'C'I/1 l'>llll/01 

bf' exp kLim•d . On tlw other !taml. iJ lite• l eusit~· c-hang<• j, asso('in lt•d with '' chauge 

in thl" magut'l it li elcl ut ih<' slwckf'd region (B.,) or rhaug<·s in lit<· shock l'!' lorily ( I ;). 

Hrcclerat ion lime can also nry. In sud1 l>ituation, I im0-lags rna~· >tl6u 1'<11'_1' , e·m-r(·,pnudiug 

lC1 the b:J<mc of thL' occt•k-ralion linw and t lw c()nl i11g limP. as wax t iH• .. ast· fur :\l!·k -121 

flares in 1D!J8. 

.-\ltlwugh tb full description of t.hr. ,hock pron·ss is u<·<·t·«nill'Y ll> df'l']l<'ll the currru1 

discussion. a simple model iu 11·hich c!eerrous are are·elcralt•d in t h ·atT<'l<'rnt<•d n•giou' 

aucl injected to a ·rmit t iug rcgion' for lhf' rarlinl iou t'lllt qua lit at iq·Jy Pxplniu Jll'"]lerl ie~ 

of the complicated luu~ profiles ollsCITecl in \ frk -121. Pres('lll rl'~ult ~. 11 !tidt indin'ltc· 

l,ooJ(X-ray) ~ '/"''' mi ·ht indiralc· the tnug!C'd nmg·netic fic·ld aronud tlw shock ( IJ,) iti 

enhmtced as comp<uPd to that iu the emitting n'g-i 11 ( IJ). 

As <t snmm<uy. ouT currC'Jtt di.Tns~iou .· aR.umed a singlC' ,.millutg n·gitl ll n~, o<·i:tlecl 

with a single shod; front (ou•-?uue hotl.IOgenf'OUb modPl). The sJnwlnn• ofje•1 is <l.'·Sllmt•d 

to br globally smu th, but I r<tily the jet l1Hty i11clude tangl<•d r!' 'ions. e.· .. wit b uhall('ed 

plasma density. \ 'arious types of flares can be proclucrd \\'hen lite bhock Ol't'!Tuus ~t tdt 

a tangled region . \\'(' [onnd t !t at I his pic' lurc· qualital i1·c!y <H't'tJUiliA for t ], ,. ''''"'rl'<·cl 

proper( ies of' Te \ · blazuTs. 

10.2.5 Comment on Multiple Emission Models 

lnstearl of a.sst tming a si ngle emission rc•g·ion. one migb1 P.xp •n m nhiple e•Jni55ioll rc·gio n~ 

and shock fronl~ in llH' jet. >til of which arr dtaracl<'riu·d by lifrerPul physical CJIIIUttil i('s 

(e ... regiou size and magn<"tir field densi ty). Tlte~c qm1u1it_,. DJay ,·an· iucl<'pt·Jult·ully. 

Complex feal11r s ol)nC'l'I'Nl from :\frk 421 in ID!J8 t·onld 1, · Jl.<' llf'rated by lltP>.nt"'rponitions 

of I lares originating iu difrerenl ~111itting regions. \\"h c·u a llru:e "ri~f'S in u hlnJ, "i' h strong 

maguclic f·ield. llw ohsrnwllag be 'Olllf·S swall. wbile l<trgr-r lng wnnld ]),. oh~•·ITPd wltf'll 

the tll;tglt lie fi II is r('lnt iwly small. 

Such a sit u:Jtion sef'ms to bC' rE·alislir i11 sonw SPIIS<'. IJU\\'<' \'<•r. wp pn·fl•r oue-zo1H· IJlodd 

!'or seH·ral rl'asnns: (1 ) rapid ,·:~rial ility in T<· \· bl'lzars is 1n•Jl ''"IT<'lall•rl in thP X m_1· und 

TP\. -ray I ancls. sngge'bting 1h:1l. aiilP spatial rf•gion and sa lli<' popHlnlioH t>f rel:tli1·islic 
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,,Jo-rtrnn> dr•Htinatrd 1 lw <'mission (F ig nrC' [).3: D.G). (2) dear cr>rrPl;Jtion hNW<'<'ll th l'lux 

aud thP phnl<!ll indc·x. M· \1'<'11 a' hhift of tlw synchrotron peak (P.g., Figun· 8.Hl) ndr~ 

out hii!Jfi'!>O'iliOJ>' "f photon s]wdra \\'hid> an' prodnced in diffC'rcut r·mb.;ioll region 

dt~rnckrizt•d IJ~- difrt•n•ul phl·>'iraJ paranwters. (3) &pt•dral t·twrgy distri bution of Te\' 

hlazar~ is "·t·U rPpresPntNI by Oil('· zone hontog<"n<'OHA moLll'l (~ce also. § ll) 

. \!Ro 11niP lltat our disr-uR5ion l;nsed ou onl·-zone lllOd<"l i& not <eff<'t'ted <'~S long as 

inclil'itlnal <'ntiltiug region ir, conccrn('d. 13a1aucc of -1 ti nw .•nl iPs. I cool · lace· Ices <llld 1;11j 

tllli'l lw IH"ld ,.,.,." whrn wr· rc'>.~umc· a <'OJll]JiinliNI multiple ewiS&ion rep,ion mod<>L 

10.2.6 Cooling T ime vs Escape Tim.e 

In thr• pn·1·ipn:, st•d ions. II'C' consider d four timesc-a les which characterize the rapid nni­

,.),ilit,v in i> lazars. \\ 'e wonld like to cotnment hen' ou anot lwr dynamical tim<' sca]l': f es< · 

~ l an 1· authors hav · assumc·cl I hnt the rcluti vi. tic <>kdrnll' nn' injcdt'd illlo the l'tni siou 

re ·ion with a SJWcificd distrihu lion and escape on a timrsca le L-.c (e.f!.., Jn oll <' & Taka­

hant. 19!lG) . .-\ft<'r parlid -s rscap • from t it " emission region. these p;uticles uo longer 

radiate . For loll·-c•tlf'rp;~- I ·drc>ns whos cooling time is longN than t.,.c. lhP_r cannot cool 

1'\llllj))!'ll'iy ()l'forP ]t•i\Yill the ,_,OIIrCe, llttlS the spectral form bet0111f'S similar IO that Of 

til<' injcelioH. HowcYcr. forth ltigh energy e)e,trous of1ro"l < ' ~r. they l o~e liJOSt of the 

<'ll!' rp,1· be fort' lcm··in the ~>Ourec. If thr elec-tron iuj .c·t ion sprctntut is a power la w form 

of x "r-·'. it hwab h~· one po11·c·r in t he indPx (o:: ,-•-') for 1 > /br · ll' here ")t, is the 

<'i •·clrt>ll Lorr11lZ fac-tor Khich satisfies 1,00!(/br) = f es< · 

Thrn· if< a good obserYational r asou to );el ir,·e that ·scape, or cqui,·a'J nlly. sudden 

•'n<'l'gy loos by arliahal it expH n ~ i n is important. ln fac-l , ti1E' photon spectra l indc·x starts 

lu tkvialt· frot11 that in the nHlio (millimelrr) bnud by~ 0.0 mound IR /optieal bund for 

T£> \ . ),Jnars (e.g .. s Q). Thus the elect ron loss by escape. ra ther than cooling. is more 

impllrtnnl for lttll' •' lf <' rp;_,. dr ·t rons 11·hich emit photons front radio to opt ic-al ba!lll. ln the 

X- ray ctwrp,)· hand , tooling t ilfl(> is exp!'cted to be mncl• shorter than 1.,,. Si11 ce we are 

df'aiiJIP, wil h tlw rapid l'<l ri >lhi lity oh~erved in I he X-ray CJ>Ngy t,nnd. 1.,., is not cru ·ial. 

13nt 1,.,, t·ouJd b<' intponnnl when the cooling till><" is Jon cr rh<ut t •• , (ser also. ~ Hl.G). 
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Figure 10./: Fit witl1 <VXC,)i •nniou p l u~ ('onliug W<><h•l. DiLLil froUJ 100 t~bsf·n·adou of 121.. At· '(• lera.Liou 

liluP i~ gin.·u iu ob:::.en'l'r'-,. frnl l! (' (;lS~mujn~ It-= 10). 
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10.3 Properties of Short-Time Variability in Blazars 

.\s 1n- han· '"''II ill Fig11re HU. rapid rin1r• I'Hriahilir.~· of T•·\· J,JnzMs is cJronrl.'- clill'errnt 

fwlll liwl ol' c:alitcti<- hlack ill>i<'S nll(l g~la.xiPS. This is most probal,h· due to dif l' ·n·lll 

p!J,~·,ind origin~ atJdjor Jrwalicuts Idler<' the X-raY photon~ aH> produtc•d. and ht•tH"<'. dif­

ff'r< 'llt I i111!' \'iltiHhilily is oh~r·rvrd. In fact, X-ra~· photons arP consitlerPd to be t>mitled 

:tlnJoM i~ot r<>pirall,· from llw nwst inn<•r part of I he a(·netion disk for Gala\lic hhwk hoh•s 

1111d Sc•yf·rl gal;JXit·s (s<'t'. <· .g .. Ta11nka N aL 1!Jf),): Dotani el aL J!J!JI). w!Jilc 11011-t]H'nnal 

t'lllis~iou lro111 rl'lalil'istif' t•IN·t ron~ in thr rl'iati,·istic jet is tilought to I<' lh <' ori)!,in of 

.'\-ra.\' phlol<m ~ f(n hla;ars h<'<'. ~ 2). 

For Tt•\' hl;~tars, II'<' silowPd that time ,-nriabil ily shtnrs slroug red-noist· type b('­

hm·iour, nu<l ntriilhilil.\' slton•·r thau ,.,lflruclrri.'lir· lim· scale> is slwngly supprc. st•d. 

This is more l'lf'HI'h· seen in Fi •ure 10.8. in which ntriabi lily pf difl' •rcul time ocalcs ~re 

s~pM:d<'h' ,how11. For the case ul' 'yg X- 1 (lc.ft). similar linw 1·aria l ilily is sretl in 

Yii t·imts liuJC' Sl'alt-s. ExisleJ1cc of lim" ,·ariabi lit .'· in lhc shortest times ·all' IYI.'il explain~ 

'11' ohf.<'tT<'ci ll:lt I'SD indPx nr (\·g X- 1 (1.7-1.8; f ig11rc 10.1). For the cas<' of ). Irk 

.J2l (riyhl). ht,W<'I'<'l'. ti111e ,·ariabi.lit.'· change. draJWllically in 1·arious titHe sutlt's. On 

thl' bhorlt•s l i iu](• scales ( < 0.2 d<t.1·), lim<' ,·ariabilit.'" seem,c. to be abseut and thr· light 

<'111'\'1' is al111nsl c·onstant. On longPr time· scalcs ( < 2.0 day). Y~ri;Jbilit~· which is ol'tt•IJ 

c·>~llr•d a ·flare ' appcM&. Rise-t ime and decay- time of a flar<" are "·hat 1w han' dr·ri,·cd 

:t~ lilf• c/HH'IH/cn'/1(' ti111c srall' using SF <Utal~·sis . .-\lthouglt the last pauel is SC>Ul<'ll'hal 

lltHl<•rsa tllp]('d . largP atnplillldP ,·,niations are clearlv S<'f'll. which nre ~imilar lo 1 hal in 

th lllitkll<' flillll' l. 

l r·spit<' the· I(IJlA hist(lJ'.Y or X-ray <L~tronom_, .. thP physie:tl proc·PSS<'S whid1 ntay arcuunl 

for t lH· ''"11011/r·a/ ( rp l a~>i-fr>~clal) tiuw nniabili ly <•f ;~lac tit bl<ltk holes and Sf·yli•rt gnlnx­

i<';. nn• ~ ~ illlltlrlL•r dPI!HI~ . Th<' sit1t<ltion i morf' S<' l·c·re for hla7arA. when' <>nly f(•w st11dir' 

han· '"'"" p<'l'fomlf'ri tu iuH·sl ig~ lr the nnlurt' of mpid ,·arinhiJjty in blaz<U,. ln the X-ra1· 

hand. Tagliafr·Hi t' t a!. ( 1!J91) han~ &I ttdiccl E.\ 0 .-\T olJsc·tTations of PJ\:S 21.).)-:Jt)~ 

(•·x po, Ill'<' uf ahoul l da.1· ). aJHl fpuJI<l I hat the pOIW'r spPCirum follows a power-la11· 11·ith 

an indt•x -2 .. )±0.::!, which i~ E'XaCLI.1· e·o nsi~tt• nt 11·ith our SF anal.n,i~. lla.1·ash ida t't ;il. 

(l!J!JS) nbu l't>1111d ,-c· n · ~tc·Pp puw,•r bpectra for hoth PI\ 21.)0-:30~ and 3C 213 >t~ IYI'l'<' 

,;,·,·n in FigutT l(l.l. Jn lh<· t>pli<'al band . Pallani <'l aL ( l!J!JI ) sltulicd lltf' lime- ntri­

''i>i lity bast·d ou 1.-, tliRhh datil. Tht·y also n•poriNI lhnt tht' PSD is \I'C'll dc.,niiJ<'d hy a 

i'"ll'• 'r law with nil indt'X -2. 1. l'lliliparahlc with lht• index found in thr X-ra1· domain. :\o 

PSD ~> ludir·~ hnd lwl'n n•purtl'd l<>r ,·ariahililil's iu :.Irk ~21. \Irk .j()J and lES 23-1-J+,jl~ 

j>dLI[ I<> I his IJ!C'~i, . 

. - ....... 

JIJ.J. PROPERTIES OF S//OHT-TL\1£ 1:-\HT.\BIL/T) ' /.\' nUZ.IH • 11:3 

2.0 0- 0 .17 (•ec) , n·-· 
1111111 

II 
o.of-+----,--;---1----+-----+--1 
2.0 0 - 1.7 (aec) 

o.oL...--~~--~--~--_,__t 
Time from WJD 46020.087381:!2 

2.0 0 - 0.2 (day) Wrk 42l 

15 

10 ...... , ...... -,..J .- .... ..• 
o.of-+----+---1-----t---+-l 
2.0 0 - 2.0 (daJ) 

1.6 

.-.".-.·~~, ... ,_ ~ ,.,.. ... ,. ··. _ ... _ 
1.0 ._ ... ,, ................ ·~·· ... 
o.of-+--:--<>---;--+----+---~ 
2.0 0 - 20 (claJ) I 

1

1

1 
" I tl I 

II I 
I I 

o .o'-'---~~--~---"---__._j 
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Ttme from WJD 50027 

Pigu rl' 10.8: Sclf-sillli la.rity of rapiU v:.u-iabiliti<·s i 11 Cyg X - .I ~HHI ~ I d .. l:ll. \ "a rhJhilitit-s IJf dilf~TI'III t i1w· 

s <·cti(•S ~l.l'l' sep:HH.ff·l.v ~lwwu. hft: tilll l' \'ariahiliry iu Cyg .X-1. Data t'Otllt' !'nun Ha.Ht.-. llid~t r>t <tl { 10!18). 

lup: 0-0 . .IT (sci'). uuddl r : 0-t.l (sc·r). :cud lmt1u111: 0-l/ (s•·•·) .. I>U'I lilllt' b HID -l8020 .061~6122 

(1990/05/09). ri11hl : tiluc· ,-ariahility iu C.lrk -121. tup: 0-0.2 (d:>)'), 1111ddlr: 0-2 (day), nud '" '" " "' ; 

0-20 day. Start tiluc· j_, ~ ].JD 50927.0 ( 1!)98/0.J/2:3) . 

Th absence or suppr<'ssion of rnpid lim<' l'ariabilit:c (~ I day ) iu blazars iutplif's lltnl 

thcrt' <'xi IS a prcferf'd lomlioo in which X-ray pholou~ an· pwdun·cl. Clwract<·ri~tic 

ti111 scale of f'af'h flm·e en ' llt, lobs~ 1 da.v, iudiral<\~ thnt the ~ i7" of lht• c•ntlli:o.iem n•giou 

is~ lOw em iu the SOlltTP framc. if I he emitting blob is tiJOI'ill l!, IYilh lh t• Lmentl far·lor 

of r N 10. Since the j('J is collimated within a IHUT0\1' Clllll' \\'itli >lli{\]P () ~ lj[. OJit' lind~ 

that the X-n1.y cmissiou sit e is D ~ 10 17 <' til fron< I he ba~<' of lli~ jc•i . A "~"ll''" ,,f r~tpid 
,·arial.,ility shorte r tl«ul ~ I da~· rules out the X-n;y emi~;.iotJ iH :.irlt• ,,r this. Sindlar l.'·· 

more cli.stant rcgi n. as <'XI t•ctrd from mdio <'miltiug I'C'!!,i"u (whid1 i,., :;=: I ]JC: st•• · also~ 

lOA ). is also ruled out beC'ausC> it Cllllllol cxpl;,in the rapid litliC' ,·ariahilit,- a:. short as 1 

da,,·. 

There are se,·Pr<ll reasons 11·hich ma.\' arcounl for tiJj~ ·rritic>tl" di~tfllll'£• D ~ 101' n11. 

First. e-n•n if I hf' :'\-ra.n, arc actually prorlmwl al t Jw hasr· l>f lite• .i•·l. a111l lH'Jtr<· do~<' to 

th e a<Tretion di~k. the prodncPd .'\-rays sltou.ld be itJeYil ahlY >thsorlwd by plliJIOH-pliotou 

itd eraction&. with as.,ocial<·d p>tir prcolin tiou. A si tnplt• f'itkulat iou rr·1· al~ I hal tl)(' opt ind 

depllt to pair prodrwtio11 for X-raY and -:-ray pboton5 Wl'il r·xc•·r·d ., 1111itr ttl the • ha~<· of 

tlw jrt (T-,--, :;=: 100) . lhus wt' C'annnt ohsrlTt• both Ptui,siollo in lltih rr~?,iOtL St•roll(l. I lie· 

~hock frnnts lhl'nl~f'h'<'S 111a.'· hr ah;.enl at 1 he i>nsc· of the• jPt. and high ••tH·rgy r•I('(·Jrolls 

wl.tieli are fully >~cet•krated to eJnit X-rays, wo11ld lH· "'"''Ill J(JJ dislam·c· doS<'J tlia11 D ~ 

-
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lUI ' em. ]n lhr· followill g, ''"" suggr~t Ft pos~ihl • intt•rpr<'tution which may account for this 

pr<"frm•d l<w~t io11 of tlw .,Jtor-k frotd~. Tlli~ is calJpc[ inlrnl(l/ shoc-k -'' 'UIIIrio and first 

iutrodtw~d itt tlt e liPid of mudeliup, 1-ra.'· bnrsL. \'0ry recently. Ghi::<elli11i (1999) poinU·d 

1 hat t ui' irl••a ,nr·u·ssfull.\· rxplai us ' me of ob. en•ed dtan1clcristics in hlazars. 

LPI ' b ""'"1111<' a rc·ut ral <'nginc is not WQrking cout inuous ly. lmt pro lun·s difl'crenl hlobs 

of tnakrial tttu,· iu~; with difli •renl hnlk Loreutz fnnors. For simplicity. we con. ider two 

rela ti\·is tic IJioiJr<. lJJol.>-1: Iurt>HI Z liu: tor ih r, an I ('Ulilted all= 0. hlob-2: Loreutz [;1<;for 

is r ~ ( rl =or.: II > l)' ttd rtnitlt>rl at t = T. AsSHilling that b lobs arf' ill ilially srp<lrated 

})~· a fC'w Sd1wan. child nulii ( ~ 3R11). blob-2 calhes np t he• blol>-1 at a distaurc> of 

(lO.G) 

Dc•spit<· tue 111\Certaintic. in p>~r;JmctPrs o and T. a distan<·e al "' llich two blobs collick Ls 

ruup,bJ~· r-stimatcd as~ tO Rq fT. 
A rnrlial di .. ln11tf> of thr jet al Dis 

R = DsinO ""'De""' Djr1 ( l 0.7) 

OIJsNw llinw scalt· is ~unnewd hy""' 1/f1, because of the bc>a.ming pfJe<·t (s 3.1). Thus 

we obtniu the· ohsrn·rd tim!' Sf'<tlP for blazars. 

( 10.8) 

ln thi~ r,r·c·uario. WC' c·xpPf'l thai 110 significaul lime variabit il it,y would he obserYCd for 

lir,tanee rlo$\' r tbuu D. lwcau.-e blobs m· smoothJ.,· moYing in tlw jc·l and shock fronts 

arP ah~c· tt ( iH thi~ region. Tlll!S it is uatmaltbll rnpid Lime ,·arialJilily sltort cr tLau D/(c 

l'fl is ~troup.Jy suppre,;sed , ns \\·as indicated from temporal studies of \:-ray light eun·c·' 

of Te \ " hlazar~. 

13nsc•d on thl' di~cus~ion ahrm·. it is iutrigui11g to estimate the masH of C~'lll raJ black 

l10l<·s i11 T!'\. hlazars. Sitw<· I he Sdtwarzschild r<lclius is ex prC'sscd <11' 

( 10 0) 

W<' obi a in JI ~ :ix](J'' _I/. fnr 1,,1.,, = 0 .. ) (da_,·) . Interc. t ingly. litis result is also consist •ut 

with Lll(' typin1l llHIK>- of cc•ulral lla ·k hviP& po&tnlatc·d to xi~t in adiH· !',ala ·tic tt udri 

(~.p, .. Ha_,·ashida et <1L l9!l ). 

·. j .... 

JO . .J . . \ - /?_-\). PLARES .-\XD T.\fi'LW\T/0.\' ' OS TJfE JET ' TnCC'TL"RE 1/.) 

10.4 X-ray Flares and Implications on the Jet Struc­

ture 

fn ~ 7.3.3 and 8.3.3, we found that tue position uf tlw l'-_\'ll r !Jrot rnn pNlk ~hit'l~ lh1111 lo"·,•r 

lo ltig.ltt•r PmTgy 11·he.11 lh€' source her-olttt·~ brighter. Th{' enrn·l~tion was ttJ<"l dc·ar for 

~ Irk -1:21 (E:1, .L:~ ·4 J and \Irk -ol (£1, x L
1
1,·1' ). wherC' Lt> is tbc· JH•ak lurninositY <tttd F:l' 

is the peak E"ncrp,y (s 7.3.3; 8.3.3). The dilfcrcnC<' uf sprdraJ e\·olut iou in hot h oiJj<'<'i;. 

implies that quilt' differ{'lll tnrcltanisms \\'Pre at work wh!·IJ lhP S01tn·t·~ wc•nt into IIH' 

flaring slates. 

Since the· pe<'tli Jnmino~ily is pwporliouallo ih c• ttuntb!'r of phot'"'·' "t peak (llpt.(Epl) 

mullipli<?d b~· the peak energ:v. a sintple relal ion can lw found: 

( 1!1.10) 

where I t> is the Lorentz fa tor of Plectron whi t· h emiu, photon of !' Ul'rl\,1" F:l' nud o,.(·11') is 

thC> number of clrctrous <1l lp· \\'c thus fiml tl~<· rel3tio.ns. 

• - u. 
/ p ('drk:.iOl ). 

(HUl) 

( 10.12) 

Tit is impLit-s that for the C'>1S(' of .\ Irk -J2J' iuneasr of ' " hy it fa~ tor of 2 rPqnir s 1110!'(' 

than factor 10 ill!'I'NJ.~e itl Hnmbcr of <' lcctrons fit pc•ak Clt ·rg_Y. Ou t lt c· olltt•r hand. tltP 

same amou nt f increase of ~IP rrcptirf's dccrPase8 iu number ol' c·•lf'<"i.rnns hy a f;t~tcJr nf 2 

lor the cuse of \.Irk 001. Such l'at·iation. ill spPclr<tl heh:l\'iors 111ay be a:;sodntcd wit it lit~ 

diff'erencc of ph,·si al r-omlitious iu relal ivistic jPt5. wltid1 is discussf'd he lc,\1' . 

Assume t hal a suhstalllial amount of g<~~ ( .g .. i11 a form of .-Jnuds) i~ distrilm!Pd it1 t lw 

.i ·t. l tt lhese douds. dt:tlsity of low-t•m·rgy dectrcms is rHhaJIC<'d as r·otnparf'cl to tit< · am­

bietll. but othf'r physical quanti til's ~ncb ::ts magJ1Clit fi •II slrl'lll!,lh arr undtHtti',NI. Tuos" 

clouds t'SSeHtiall.'· provicl · a plentiful :<Ourc·f> of low-en<'rgy dec! rnns for lhf• shuck frout. 

\Yheu ;\shock fTont owrruu~ ()Jle of 1<urh douds. fr<". h dr·ctrOJl~ :tr SU(·c·c•ssiwly injPl'tvd 

antl assumed to undergo c uliltUOtlS accelE'Taliou !Jy rc>peatcdl_v ros.<>iu' ami rr>r-rossing 

lhe sltock !i·oJII , as \\cell a~ simnlt~m·ou J.,. cooling l>y s.ntduolron radi~tion (e.g .. l~itk , 

Rieger 6.: .\ [astic·hiaclis !998 ). ln litis ~n·nario , uttntiJer of electrons iJ"-rea~~s signifkaurl,r. 

buL only smal l c.hanges are implie-d for tlw tnn.ximum Lorentz fa!'!<H' a~ W<'r<· obSf' tTI' I iu 

:O. Irk .J2L 

On the other baud. wiH'n donls ilr<' absrnt or \W\. spru:sd,· dilitJ·ibut(·tl iu the· jc·t, 

flares may b0 produced iu se,·eral dilrt·ut UHIIIliPrs . For an exatt tple. if t lw s hoc·k Ol'eJTttlls 

lh<' <;>nh anecd taHgit-d-magnC>ri fidd rq'lion . this ma,- c·aul!€' dtange& in "(·<·drratiou tintr 
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of ~IPc-lr<ms. nud h<·tw" UtrT{'ilS<' the rnaximunJ LnrPut z fanor (RE't' a lso. !i 10.2.-1). Impor­

ralliJy, r!•J!.Mtlless of derailr•d tnodrb for flaring bPI.ta,·iom. Lotal numi>t•r of el~c·trons is 

co11.« rr·r·rl ir, 1 hi~o c·a:,<·. On ring 1 he flare , aereleration r·nn lw ass rtmNI to be mor lficieut 

than radiali'' <' ruoling. thus tlw present electron population as a whole "·ill be accclerM0d 

to hip,hN <·m·rgi•·'>. but no additional elf• I rrms are upplie<l iuto th shod:. 

In latt~r tasP. lllllltlwrs uf f'l('clron at t!J<' peak (•lehp)) "·ill r/ecreosc. reflecting th~ 

JHIII'N- lnw siPtp<· or >Ill (• lectron pnpnlation. H tht• tlifl'crenlialuumb(·r tlt'lll,ity or"' ·crrons 

is exp r<·,.,s<'d as .Y ... -,-1 (staudard shock: ~ 3.1..;;). declron nuntber rleneases as n.h,l 
·X /p-\ .(-1") ~,-;- 1 . Tmport l\ ntl_, .. this reiHtion i~ ,·ery dose to the ntH<' 11·e Ita,- obsr- tTcd 

in \ Irk :JOI (PCptalion ( 10.12)). 

Pr<'ht'ul diH·ns,iou h;h~cd on the X-ray ·pt'etral "'·olut ion SUI(!~I:'5ls ,·ery important im­

pli<"al ions lor iut enHLI jet slructurr·s of \Irk 42 l mtd \lrk :JO l. Only a small shift of 

s,r rwlrrotron pc·ak nb'<'n·rd in \il·k -121 may be as ociatcd with <'lrctron cl uds filling 

tlw j<'l. while lll<' jc· l of \Irk j()J HE't' IHS to be rclatin"ly empty. DuriHg the fJal'c of\ lrk 

-121, killc•tic po11·c·r of the ~lwck i~ cqun.Jh· distributrd to larg<' ll11111bcr of low-C'n rgy rlrc-

1 rous n<>wl.'· iujt•dc·d irrto lltt' ~hock. lllus incn·asing the number of higll rnc·rgy elt'drmts. 

Lnrl\<' ~hifl , ofsynclrrotron peak obserTed in \ Irk .j01 , ou I lit' ofh('I" h>Hid , is po~siblc only 

wlwu I li e iulerual.icl is ratlt<'r sparse a.url lnmsparc111 to lit<' shock propagation. Kinet ic 

p01HT of llt f> ~hor-k is spcul to ilii'I"C'CI. c lh(' e1rergics of wdi,·idni!l t•IC'ctrous am! hcU Cl' 

flli111Lrr-con .'jrn·ol i11(. 

11 111 ay I hus he worlhwh.ile ro compare our X-ray iJnplicatimrs to t it <" \ 'LDI re,;ults . 

. -\crun1t <' lllC<l:':llrCtJI(·uls C>f d;;lllgrs in the P<Hsec-sca l ' jPt s l ructur~ imaged wit lr \ ·Lm 

pwl·idt• constr~iut~ ou the jPI kille.llla.tits <Utd geolltetry. \\l1en comhint•d "·itlt psi imates 

,,r I he Dnppkr lwaming l'actw· (detrnnined. for t'Xam ple. from the X- ray tinw vari;11JilitY). 

I he appmenl rnotion of rhe jet compon<:>rlls c~JI be used to cons1n1in the Lort'nt7- f<\l"lor of 

thl· jc·t r1 nd llw >1ngl<.· f the jt't to the lim·-of-&ighl. .-\llhouglt \ 'LDI obscn·atious do not 

~-pt han• 1111 <'11011/!:lr rc•solntiou to image t lw J•egion proclnction of r he X-nw/-r- ra_vs (~ (l.OJ 

pc-). tltry prln-ici(• the• higlrt•fit n''olutitm slructupl infonnation a\'ailallc, and. can image 

lhl' r('gion inmll·diatcl_,. rlmn1strc~ m. 

\ ' LJ3 I 11t>1p~ nf :\ Irk ~21 and :.\Jrk :301 ;lt I nn nrC' c·paralel.1· shown in Figure 10.9. 

13uth ohjPds '~~'" nhRc·n·&d i11 a ~p<H·e \ 'LJ3l proj rt usin t~ rhe H.-\LC.4. halc ilit e ami 12 

ground s tations ( ~iO"<\Il!1iui el nl. HJ9 ). Tt i. inlt>n·stiHg llrat th<• subpa rsec- an<1 P'll'SPr­

sea lt' jf•ts nf \Irk -1:.>1 ancl \Irk j() l <tppear In he ll't'<1k r<'latin· to thosr of o tlwr blazar. 

(\ l nr~rh t·t' ('[ al. tD9!J). \lnsr itllj)<<rlmtlly. snpt'rlnntinalmotions haw been detectE-d onlr 

lor \Irk :i0 1 (t• =G. I c: GiO\'mlllini <' I al. 100 ). whil" ~ni>lumiualm tious wr•rt> UllpliNI 

!i ,r \Irk -12 1 (1· ~ tl .:l r: Pin<'r t'l a l. 1!)9!) ) .. -\n apparent ,·eloc-ity of \Irk jQ] impliE'. that 

lOA. X-R.-\1 PL4.RE .-\.\'0 I.\ff'LIC. \TfOS ·OS THE JET STm·cn·nE ITT 

,. IS " ,---
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Fig1m) lO.!.J: Global Spare \'1131 map of II Irk 421 (lt•ft) nml lli!·k .501 (ri.'Jitf). l11 tit ·"· ti ;;nn•s. t ma" 

t'orr<·:;pouds to 0.9 [H". Suptr!uiJiiual tnoi.ion!-< Wl'Il' dt'tt·ett•cl ou1y for ~ frk UOl (1· ~ G.T 1·). Fip_IIIT:-. fnau 

Ciovamtini ct nl (1098). 

th e realj<'t Ye]ocity has to b<' 2 0.9 9 c <1nrl the j<'l h a,~ lob" orit·•ulr·d at m1 mtgl .'t1lllller 

than ll tleg (GiO\·auuini eta!. 1908). Dy asS11J1liug that rlt(' hulk aud pillt <• nt jet l"dt~eity 

;1rc comparable, Gi ,.i.utniui · ta l (19!18) deri,·e that the ))('aming factor of \Irk :JOt ns h 

~ 1.3-;;.G. For the case of \Irk -121 , the l'Csttll s <U'f•ennsistcut with no-bcru11i11g. 

Iu :ut.1· case, I he !•srint;l!Pd hean1iJ1g factors for bollt snurr·c·~ are rclat ivdy low c·onlpHI"t'd 

\\·ith lhe lower ljmits derived from tinll' 1·ariabilit il'S in ot.llf'r wawb~tHls: fnr <'X.atnplrs. 

Takahashi el <tl. (lDDG) de ri,·ed b 2 ;; for \ Irk -121 a uri I~atnok<1 ••t al. ( L!J99) drri,·rd h 

2: G for \Irk 501 u. ing the X-rn.y/TeY {-ra.l' tiuw v:u·iabilit~· (src· also. ~ 10.G). \farsclt<>r 

( l9!.JO) dissc11ssed that. rather low superlunriual appar~ut sprc•<l.B and lackluf>lt•r ,·nriabiJit y 

propPrli\'S of the radio jet evidences llr;;t the lrulk flow ot" the· jr·ls t!Pr·dPrafes from 

X-n\1'/Te \ · 7-ra_1· elllitring secticm (~ (J.() l pr-) 10 litE' ntdjo eurilling H•gion (~ 1 pc). 

The we".k subpan:r<:- and parsc·c-scalc jds C>f llws•· obj t·ct s nr~ readily tlllth·rbluwl as th · 

coHsequence ofbeav·v energ,· anLlmomnent11nr loss i11 th<•up~tn·am of rite .i<·t \\' ltl'rc uro:; t 

of the cnPrg.r <llld mowtl"ulum •;f tlr<' n•lati,·ist.ir· Plectrons arP tnlll.'>fPr<'rl to lit•• radi>~tion 

in the X -ray and Tc\ ' 1- rays. 

Remarkably. ,·cry dilferc~ nt nuuuwrs of X-ray spc·ctra l evohrtiotL> of \Irk 121 t1 nd \Irk 

001 pTesenterl i11 this I hcsis i exact ly eollsistPHt wit It I hose \'LUI oiJsPrvatillltS. Our X-ray 

nl SPn·ation 1Jrcdi · t[,al rclat i>·isi tc outflo\\·5 of \Irk ..J21 11·ill b(' rlN'<•l<•ra t"'rl fastr r than 

that for \ frk JOl , because rite jel of \Irk ..J21 i~ fillNI with 1o>\'-Pllf'rgy lllatPli~ls anrl kinetic· 
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1 ·n 1 ·r11~- of tJHtliO\n. art• mnrr• f'ftit-i<•ut!l· dis~ipnted during the propagation. The aiN•nc·e 

of ~IIJ>Prlntninn.l ruolion of :\Irk -!21 iu radio lJa!l<b tim~; indi('llfcs lh;.\l tlw high energ~· 

nntlh>w !u-t~; h""n ~uflit-ic·nt !_,. d ct•lc•ral<·d IY!t<•u it rPndtt·s to tnorc.: dis! ant. radio rrnilting 

n~gion. 

J{).,'i. 1.\IPLlC'.-\TIO.\' PR0.\1 f.\'TER-f3. \.\'0 COR R EL.\ TIO.\' 1 I!J 

10.5 Implications from Inter-band Correlation 

From t!Je truly r:.imullml~ous <•h~<·n·ation. ,f:\lrk 1:21 <Jll(l :\Irk .:iOI,II'<' f'nund that l!~t• llnx 

,·arintiour, ill !l!l• X-ray a11d Tl' \ . > ray bands <H<' 11'<•11 t'O!Tdturd on lintt' ~cah· of hour., 

lo ye11rs. ThPb(' results impl,l' that th<· hflllJP "Jintinl rq~ion and i111• .sHill<' pupn!atiou 

Of' l'(•]afil'iSii cJeclroUS (li'P rc~punsib!e Jor the (•llJi~sit>n. <Jh ih prt'<Jil'!t-d f'I'OII1 l it £' Silllp!C' 

~n1chrotrou self-Compton (SSC) S<'<•llario. Tlw muplilud<· of 1·nria1 ion wa.s I'Ompnrahl1• in 

both eurug:~· bands for :\Irk ·121 ([Tr\ · llux] ,:>_ [X-ra.1· flnx] 11-'1H 11·12 ). ll'lti!t· quadrntw I'm 

:\Irk .:iOl ([Te\' flux] ~[.'\-ray fhtx]t.<>r.±n ll<) . In llti~ ~t·dion. II'<' hriC'fl.1· di~<'IIS::. iw••r-hand 

rorre lalionb expcclrd from lhc simple SSe JllO lei aud iull'rprrl th<• dili(·rrll('f' of:\ irk 12[ 

aucl :\Irk .:iOL 

Consider the elC'cl ron poplllnl ion 11'110 e nnmbt>r <knsity i~ gil't•u 1>_1· .\ ·0 . Sine\' <'tl<'r •y 

lo.s rat of a sink dectron is proportional to llw ntagnrlic lidd d<'ll,.ily ell (eqnalion 

(3.3~)). one finds a ~imp ! ~ reJatiOJI b~lll'<'<'ll Lh<' ohsNwd syndtrntron l lllll ino~ity and 

ph~·sica.l qmu1titi<'s as 

(I O.J 3) 

Wh~re 0 iS the b '<Ull ing fact r Of C'llliSSiOU blob. If the P!llission is l<lkiug place i 11 I Itt• 

Tltomson regime (-, llll « 111c<.1, ). simib1· relation for I It<' SSe llux is ~imp!_,. gh·en h.1' 

(10.1-l) 

\\ 'heu the scaf tt'r ing takt~s plan: in llH' 1\kiu-:'li,hi na regint<' (flw > lll,.t ·2 h). tltP 

sit uation is ill re ('Otllplicat d bc·c-<lllSt' ll1e noss-sPclio11 !'or the im·!'rRe 'ontplon prot·<·ss 

rrduces sig1lifi cant ly. eorrf'SJlOllding telaliou for sse lnmiuosil.'' in the Kkin-:'l ishina 

rPgime is 

( lll.l0) 

wh€'re L~rr and s;rr. rcspecti1· ly. nrr I !J<· synchrotron illlninosit,r •utd elf'<' I ron ett<'rgy 

dcnsit.l' ef fPtht"ely im·oh·Pd in 1 he· inverse Comptou pro<·l·~s . 

ln pre,·ious sections. IVf' condnd<'d that I he variabilit~· of :\Irk .J21 is rnosr prolml>ly 

due 10 the changes in lltllllb~·r of <'l<'dron, (.\'e). rather tltau <'hnngcs in horn. :\how· 

relations thus prf'dicl Lssc <x L;,,< for Thnrusou ~ allr•ring, '"hilf' L,~r · 

Klein-:'li. hina rl'gitnc. ObsCJTalional results imp!~· that th<· .'\-rn.r spf'clmuJ and Te\' ·-ray 

sp •d rum ha1·e similar slopes. 1\'lllls(' dilfcreut ial phi> ton indicr~ >U'f' ~ 3.0. Thio, iJI(li••at<'b 

that the both en1issions c-ouw f'rr>ill lh(' .lf1111r. high rur•rgy c·nd of llw !'led run diBlribul icm. 

Thus the a bun· prcclict ion can IJ<' eli redly t·omparcd with tltr• ohsrn·pd rclat iou oD irk 121. 

Front simultaueous nbserl'ation::. in .\.-ray and Tc\' ·,-ray batub, WP fcnmd a relation [T<e\' 
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flux] [.'\- rn\" ftnx j. Thb ~uggC'sls tlwt th r sse procc. s nn.' operating iHIIH' l~lein- .'\i shiua 

rP)iJliH', k••rpinp, _y;.JT a)JlloSt l'OllMaUl. 

T!Ji~ prctliniott i5 pl~usihle lwcmtRe tile S<-'f'd photon~ lh11t >HP Conqllon i~ed to produre 

T('\ ' flux ilH' /I(J/ .\- ril_,. pltoton~ (Takaha~>hi N al. 100G: Ghiscllini &: \ Iaraschi 1086 ). 

As.snllliJt~ at vpical ,·nlue for n of 0.1 - 0.2 G ami~ of !0. 11·<> expect t lwt the Lorentz f<t ·tor 

nf • ·kf'lrrm~ wltich c•mit X-ray ph otons is ~ 10:' (Pquation (3.32)). \\ '" thus CXP<'tl i 

lw,_"'" ~ tO 111 ,.1:2b. which intplies the sca ll<· ring tn kcs placf" in the l~l <' iu -,'li ~himt r<'gime. 

S('l't! phl•tnlls for TI'V ",-r:w produ ction ;u·l' more likrh· lol <' oplical/UY photons : 

( l!llG) 

whe t!' II is till· Pln11ck cun~tant. hJ this cnC'rgy hancl. 1·arinhility is smal l co tnparecl to lh<tl 

in ILtf' X-rily ln1 n I [e .g .. Ilu ·kl•y t•t a!. HJDG: F'igur(' 9.2 ) a nd Wt' cau appToximate _y~·t r to 

bf• c·onsutnl . Thus X-ray and r,.,-)- ray cor.rehction or :O.lrk -121. [Te\' flux] [.\-!'fl,l' flux], 

i~ (l('l' ltr:il<' iy CC>JlsiSIC!lt 11ilh the SS(' ~C HGrio operating in lite h.lciJ1-"!i~hill :.t regime. 

Fur i lw rase of\ Irk 001 , .ltowr,·er. quadratic rela rion of [Te\' llux.J [X-ray flm:f does 

)II)! ' illtpl_l' uwm . thaJ IL c sse prOCC'~~ is oprraling in the Thom Oil rrginJC. There 1\1'(' 

lwo rc~sons to rx.ph1in this rrlalion: (I ) spec tral CI'Olntion of \ Irk 001 implies that large 

chnng('s in ) .,, .. x (~ 10.~). (2) X-ray sp<:>c lru1n of :O.Il·k ::iOl is flatiPl' (1.7- 2.3 in pltoi on 

iml.1•x) l.lt au that in lhf' Tc\ ' ')'-rays(~ 2.0 i11 photon index. ), suggesting that electrons 

rc>opousihh- !'or emis,iou in bot It kw1cls ar<' difl'ercn t in ent• rgy. For I he !at trr point. w~ 

:,hould noi C' ll1 a l tit(• correlation of fluxes bt'i.ll'(•c· n UV (not X-ray) anrl Te\ ' energy hands 

!'or \ Jrk ·12J i& [Tr\ · flux] rx [CV fhLx f·T-± 11•7 • whi h is similar to I he relatiou fouud for \I rk 

::;en (FiRlll'(' o.-1). 

\\ 'lwit the ') .,,.~, 1·arie. siguifi ·anlly dnring lhl' fl :m·. l'I'Oinlion of s-y nduotroujsdl~ 

Compton luntiiiOhit.v cnunol lw simp·l,· "Tittcn as equation (10.1.3)-(l ll.l:i ). becnuse thr 

!>h~<·rvC'd •' IH·rKI' rnngc- is on ly limit eel i11 .\-ra.1· and Te\' 1-rav ban Is. To evaluate I he 

!'ll'ccl~ t•l' tht• rr·dtwti HI. of cross St'cl ion in the I\lein-"!is!tina regime, we approximate lite 

~1\l ' < ' LI'i\1 CIH' rK'' d ~> lributinn (SED) of \ Irk 001 as two broken power-laws (F igure 10.10). 

Low('!' ('(JII1jlO!Iel1t i ~ synthrorron radiation. while upper is sse rilCiiatio.n. For simplicity. 

II' (' m;sunw both compom·nt,; nw sd.f-.~imilo• · <Ui d spN·Iral i.ndex. (in 11F,, ~p~ce) is <1 (> 

0) hP!ow lltl' hreak and d ( < 0) abon' thl' break. respectin•ly. 

\\ 'p il"~li !Jl( ' il flarP in WiJiclJ 'max ictCl'C<lK(•d lty !'actor E_ (> 1). \\'c clCilO((' iJ1j[jn] \_­

ra.l-jT'<•\' j- rn-'· IIUXl'K n.~ F. and /~ .. n•spt'C I in•l.1·. fuilial break (pud.-.-<) in I he yuc-hrotroJt 

('lllllpOlli"Lll is ,,,, wllilt• it is lie ror the SC' ·om pouenl. Sin'<' the S,l'll('hrotron frequency 

ih -~. 11, incn ·a c' bY l'attor e during tltt• liar<' . ln thE' TholllSOll r.:p,iiu ' \\'1 ' exp (' I 

''• to iucnw<t• hy l'al' lor E. 1
• lwra uK ' ' '• "- ~:1. ,,, (eqnation (3.-J..,J)). Thus for lh<' case (If 

JII.J. 1.\JPLT '.UW.\'S FR0.\1 1.\TER-R L\'D CORHEL\T/0.\' 
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Fig urf:' 10.10: t:.lttlllcttk view of ~p~·nral ._.,·o ln ti(.ln of ~ Irk 501. (~ 1 }: ~pt·<.t ral ('\·o11uiuu iu T lwnt.,Oil 

rcgirw.:. tb} : sp~("trat <.·,·olutiou iu 1\:h:iu-~ishiun I'('J .. dJJH:. For ~ I rk 501. appropri:H4.: "'tlut::-. for n nnd :1 

arc 0.2 aud -0.5. I'I'SJH'tt ivdy. 

:"llrk 001 , the :.\.- ra.1· fltLX du ring thf' flare is rou >hly be F, [.10 all( ! Tr\' ')- rn _,. !lux is F, 

('
1
" (Figttrc 10.10). contpared with lht• iuitial Ynlues ofF, aml F;. C'i_ Thu;, tlll' iud<•x of 

correlatiou 1.- 111 bet\\'cen X-ray and TC'V 1·-ray fJux i. ([TrV flu x] 'X [X- ray flu xJk'") 

4(n -d) 
k-n,~ ---. 

2a: 
{! fl . II) 

Seletling tl1e appropriat> Yalues of o and d (o ~ 0.2 ;u ,d ,j ~ - o.;:; for .\Jrl, :iDl ). "''' 

finall.v obtain kut (\Irk 001) ~ 7. This is nmrh largf'r lltan thr ohst'rvNI relation. 

ln the I~lciu-"! i shina regi me, we <>xpc·ct 11< iurrPasccl b,, fact r E.. lwcansr t lu> max i11111111 

rnerg:v of Cond pun seal tered pltolon is Jimit<'d lu ' " '"" m0c~. Tit(' X-ray HtLX duriTlf!, tit • 

flme is rongltly b(· F, f."" ~~-hil<' Tr\ · )-r~y flux is F, c.''. ""n1parrd willt tl"' iuilinl ,·a lnt·s 

of .P, and Fe [. 1
. Thus the ind ex of correlilti01t kl( 'l bf'(wef'n X·ra~· and T"\. -1-ra,v !lux is 

([Tc\· flux.] • [.'\-rav Uuxj kK") 

{10. 18) 

Selecting tlw appropri.~l e ,·alncs of c. and .j (n ~ 0.2 and .j ~ -0.0 for :-- Irk ::iOl ). we· 

bt;un 1.-K..,(\ Irk 301) ~ 2. Tltis qduc i$ <·x.arlly <·•msistrnl wit!t lltf' oh~<·1wd n•lalion. 

In summary. rlifl'er nt conr> lalioiJ ~ betwcc11 .'\ -ray/Tc\· -1-ray Au x<·s frntiJd iu \ Irk ~21 

and :0.! rk :iOJ arc due ln I he dill'crPnt origin. of tire spl'~l ra l e,·olu I io11 llli!IIIJC•r or r·k·dJ'IIllS 

incr<•a eel for \ Irk -121. 1dwe maximum LorrJJ IZ for·tor iH r'J'<'a.~r·d fol :.Jrk .j[)(. lmp<>r antly. 

bot h obscrv<'d r<'lation& mP eonsi,tl' IJ ( if the S),wltrutnJII S!·lf-Co1nptun 'ratlni.ng lnkl's 

platr in the 1\lein-:\ishina n·gilllc. 
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10.6 Constraints on the Physical Parameters 

ht !i 10.2. we dNin·d tlw IIW?;nr·ti•- fi,·]d &trr•ngth 1J hy compming obsN1·cd tinte lag ,11 

,·ariou~ X m.r <'HC·r~~- btuHI&. The rnagnf•ric field of :\Irk -121 <UJd PES 2l:i:i-30-! wcr~ 

:;uc-cPRsfully dr·ll~·•ninr·d to he 1J ~ 0.1-0.2 C:. tl%U ttling; the be~uning factor 1:> of 10. 

llow,.,-,.r, wt' 1>lwuld nr''" that thl·se t:OlL'lrnints had ber·n ol.ll:a iJted on!~· from the liJn~­

Yari,tbility. Sc·vc··ntl iJHporlaul phy~irnl quanlitil•S are still nnknoll'n . E1·en in the· OIIC'-ZOne 

'S 'M'<' nado. Wl' M<'d I p'lmtllNr-rs lnsperi1~,- th<' tnodel, wltich cannot hE' determ in ed only 

front tlw tim<' ntrinbility conolntinfs. Lt tiLC' k•llowing. II'(' consider tlw constraints that 

ran IH· dl•rivC'd from till• multi-frrqnem-y pedra and c-ompared ll'ilh the limit obtained 

front ·tinw-la)'.s· in lite X-ra-'· ligltt curws. 

On<' I'Mt f'ind sitnilar discnssiou& in D<'rlna.rek ,\,: Prothf'roe ( 1997: 1999). Tavt•cr·hio, 

;_ ],J·a~dti ,\.; ;hisellini ( 1998) aJICI Kat aohl ct a! (1999). Foil wing approach has two 

arlntniC~l'8 ·omparcd to the pr(·,·ious 11·o rks (l) mtdli-li·equenc_,- spt•c·t ra takt·n at V<niou. 

slnlrs or actil·.ities a.rl' ('\'lduMcd b_,. pol~·nonti(l] fits ror (!>)Ch Tp\ " blazar. and (2) our 

dis<·ussion il> morr flcxihle and lcHs aJfrctcd by the uuc••rtainti si n lite obscn·ational dat a. 

10.6.1 Allowed Parameter Region 

To s prc-il'v llH• SJ.Il'C lral rtwrgy diRl r.ib11tion. ll'e nr~d tlte mngnctic field 13. 1·egiott size!?, 

he<llning factm ~. l'Stapc· time 'lose · iind the elec-tron iuj('clion SJ ect rum ~~~input parrun t rh 

(s 3: S('l'. al~u ~ ll ). \Vc adopt a specilic form for the injectC'd elect ron spectnmt. Qh) = 

q,. 1 .,, cxp( -"1 / r mnxl- wltCrl' 'lmax i. Lhc llltLx.i.nnun Lon•ntz factor of ele('tr(lllS. Sen'n [r(•C 

panunc•t('rs lisl <'d ltc•rc a rc n·qnircd lo spcrif~· the mode l. 

Ttnportantly. ali tlll'o<' parameters nut bt' c:ak·nlnted fron1 sev<'ll obscrn1blcs: . yn­

('llrol roll nH1XitHtltll frequf"'I\C}·. JJ!11 <.L.'= : C'01nptou tllaximu1n fr&quC'ncy. 11~~~"x: synchrotroJI 

l,H·ak l'rcquc·uc_r. ,,;": 1·ariahility linw Sc;'dc. /, .• ,: .·.ntdtrotron luminositv. [~0': Complou 

lun1i11t"it y. q 9': fllld radio (millimeter) S]lt'C tral ind ex. n. The slope of injcctf'd elf'ctrons 

is ~-ointply relakd with Cl ass= 2n + I ((•.g .. 13lumenf.h;d ~ C:nnld. l!J/0: § 3.:3.2). Since 

the radio (millimel<'r) billlli is thought to he rite uucooled portion of the electron distri­

hnlion (~ 10 .2.6. S<'t' also btlow). ,,,h• is thr· frequnc.1· wlt~·c tlw spectral i.ud('X sl;ul:, to 

tlr·viHI(' ft•onr thHi in rh <' radio (millintl>[f'r ) h>UJd. 

Dl'~pi.le t lH' <·qual Humllt'rs ,,r olJSf'rvabl<?s ajj(l paramcll'rs (I obsern1bles lor I par>~tlt· 

t' t<'t's). tltl• mod I t·ann<>t h<' Sj)f'~"ificd naiqm' ll-. The reuso11s aJ'<': ( l) lh<" n·ginn si7e is 

dt·scribrd h,l' ;ut inrqu~lit _,. R :'0: cl,.,.,,l (2) most of thr· preseJil data 11re not 11·e ll sampled 

and Il<ll Oula.ill d ~inltril>llH'Oit~ly. (3) 11111iti-frc(jllellcy fijlCcl ra of b1a7at'S lrl'lck Slll(>()tb 

r·urw~. h nr·r \I'P ran nut elt'a rl.'· drlinr I he ac·cnr:rte po~ition~ of ·nHLx.i.lll\ l lll l'r<'quenrv· 
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ur ·br<'ak frt'qllHcy·, (-!) IO:I<'iu-\Jishiu<~ l'H.l•(·[s probably rc> luc<' tlw C'otnptOII Jinx ~il', 11 iti 

nurl]_,. at Te\· l' IIcrgy ba11d. whir·ltma.\· tause llt<' undf'n·s tinrak of thc· ~<Tel pltoto 11 (i.r .. 

syndtrotron photon) dru, ity. 

log Luminosity 
( 'L') 

log frequency 

Pignrc 10.11: Ddit1i1iou of pan\IIJC'tl'l'~ £ron1 pul_\" llOillia.l (l·ub.ic) fit. Spl'c"'tnd l't!Crgy di:--u1 1)uliliB of 

a. TeV bla.za.r is sdl<.'tllatic:tll.r sltO\\LJ. Eioritonral ~Lx is is · l o~ frf'< lll\:IH.:{. ,dlile n•rtiraJ axi:-. j... ·log Itt ,. 
huuiuvsily·. 

To constrain tlw physic;\ ] pMarnl ers, wr firs t ll<:'t>d lo di'IC'nnin ·· T niJsr·rntblrs. For 

lhis purpose. the multi-frequ ene_, .. pec tru!ll of ead1 Tr\· hlnzar w<~> tit 1 d wit it polync>Jni<d 

fuuclion of a form; log( ,; £ .,) = a+ u log1" + c ( l ogJI)~ + d ( log1;)'~ . wlterc· 11. /J, ,._ r1 ar<· lh<' 

wnstan ts (Comast ri el al. 199:i ). Siuce ihen• are l\1 least two CL>IIlpoll<'lll~ iu th<' multi · 

frequc-J tCy spectrum. we fitted the low(•r conrp ucut (LE cntnponcul : radio to X-rn_vs) 'tml 

the highN compouenl (HE contpollt'lll: ~-.rays) with sc·paratc 1 oh•Jwtnial fu11cti n~;. \\ '"' 

dctc·rmint·cl 'ohscrvablcs' from the best fit cubi l'llncti(lllS. wltirlt are hcitt' lllillically sholl' u 

iu l<igurr 10.11.. 

A r latio11 R ::; clva,b gives onJ,v 1111 ltj)p(•r limit 0 11 !IIC' dinwusion of tlw sOIIITI'. Dnt if 

we cltoose 1·ery ~mall number for R, extreu1ely high Doppler !'actor is rr'q llir(•c] frolll tiH· 

transparency condil ion (set" bel roll') . t<ollowing Ta1· cchin. :\larnsdii & Glti~rlli.ui (199 '). 

we limit ou rseh· s i.J1 tht' ratlgc. R = ~ctv.,h (lj:J < ~ < 1). Tlte c>sr·ap<' tiltH' of (•]r·r·trous. 

t ,~, . is also quite llllf:erlaiu. hut it neerls to lo t· longer than liglJI t ral'<'llillw owr llw soun·e 

(Rjc). lt is, bowcvrr. 11 t plausib]P lltat t,~c i~ muc·b larger than Rfc. JI'Ro. II(] hn·ak (1';"l 

would be oh. f'JTt'ci in tlw sprdral encrg:v eli lriburio11 np to 11~""'. wlticlt <·ottlrildict:, llw 

obserali liS. \\'<'thus adopt a limit tot,.,, as ·1,." = 11 R/t· (I< •I < 10). 

Pirst c·C>nslraint on par~melf•rs is dc•ril't'd 1\S follow~. The llt<LXilltiim Lorf'lllz f<lCior of 
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r•)pt·trou" is approxintatr•h· rr·l;ilr·d ,.., till' ob~l't'\'ablt' 11~"". 

l1 111a.x 
0 _ r • 1t,1 
1
""" - 3.r X IO"fl~ . 

( 10.10) 

wlu•n• lhr <'l•·drou piir'h nuglr wit!J n·bprcl lu t]H• magnNic lirld 11'<1!. iiel lt> lw tr/2 

(vquation3.:1:l). Siu•·c• th r· Colllploth~r-allered ~pr<·trll!ll extemls up lo vp.'a'.llte maximuu1 

r·l•·<·tn•n r·•wrgv tnust b•· lar).\er h"('.'"' in ill(' HO\II't't • frame. \\.(• thus obtain thl' first 

c·n JL·,tnli ut. 

( 10.20) 

T l•" sr•<·rond relation ~au he deriwd 115ing I h<> rl'llio of t otal luminosi ties of the• syn. 

dtrotron nulialiou an i thf' lola! ltnniuosit~· of till' s<'ll~Com pton radiation. As 11·e lwve 

st·r•u in r·<I'Wtion (:3.18). this r:~ti is dircnl,v rt'laled to the ratio bet\n~cn tltf' radiation 

aud I hl' ""' 1-\llf'l iC' fit ·ld dr·usil i<·h iu~ide t h(• som r·(' all. 

(10.21) 

"·lwn• ( ·;""" indir~lC'S I he \ '·nchrntro11 photons " ·hich can efl'ectivel.'· inmlved iu thr 

iu,·<· r,r· C'mupltHl scnllf>rinv;. ),,.)oil· the J () ('i n-:\i~> i lina limil . \\ '{' c-onn•uient ly ex pres& L ·,;""" 

'""(.':'·ail= ( l / r•) ('.. wher<' r·, i5 thr l ola/ sort photou tleusit,v and" > !. If lll<' sr<1t lering 

t;,kr•s plan• pnrel.' · in tlw ThoniHlll r<'gim<' . h' is t>q ual to I. inc(' L·, i rC'Ialed to L~01 
il$ 

1 '"' 
C = -"-'- (10.22) 

• -J ii R2"~ '· 

m• lind a rf'ialion 
1 L'o' 1 L'"'2 c - c s - ( ' ) (10.23) 11

- 7: ' L'C' - -ltr T<1 n\ 111· L(?' · 

C'on~id('riu )!; tltP rc<htetinn of nnss ser lio11 in tht· 1\l<'iu-:'-ibhiua regituc. we assu1nc 1 < ti 
< 10 iu thl· li.>ll<"'·iug. This r<~n ge of 1; i~ ,.<tlid a& long as'""'' i~ uot too lm:gP (e.g .. ''""'' 

~ 101': Figun' :1. ). Thus we finally obtain tl1c s ·cond f'Onstraiu t 

(102-1) 

Tlw lhinl conslraiut i~ dvri,·r I from thC' hl'ti,lll<'<' bHw<>en cooling 1\nd electron- ~capP 

litH<' sctll i· (<>.g., Sikora, 8 cgelman '" !1 ccs J!)!l.J.: [nOli('&: Takah~m1DDG). An inj r(' tion of a 

pow•·r lnw cn<'r~?,,r dislrihulion ,,)'p!t·ct rou. up loa certain m;uimHUl c·n<-rg.'· (a& C'X)l<'Ct.('(i 

f'ron1 sh• r·k lt<Tdl•rat iou ) iui o I he radinl ing region shoHirl ,·ield a SLeariY·s l;11 ~ e]pf'[rou 

dislributiPil with a im'u k in it s ind•·X at a chara ·lcrislic rncrp,y hbr· 'lbr is <'Si imatc·d fn'lll 

a similnr n ·la tion with <'(jllari 11 ( HI.l~l ), 
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!3.\' equating lh<' t'noli ng limt• uf <' l i•c lrtJII ~ il l 'hr ll'ith t'l•·<·lrou <'st'iljlt' IIIII<' . \\'(' ohlain 

3m f.,.~ 
''""·'••l("i,r)= . - =!~ ... , .. 

-l (l.u + l ,"'"11)1T 1 • 1,c 
( lti .2G) 

\\'herP ar i lhC' Thomson cross h<'t· ti<•II ("<'<'. <'quatinu (3.3 1). (:J. J7)). Ctnnhiuiug ~rith 

r·quation (10.2 1) and 1,.,, = 11 II /(· (1< 'I< 10). ".,. Hually ohtnin 1),, . third cous trnint. 

:3nt,.c1 1 L ~r:'' :ltn,.c:! 
. (-)<-+ I <~_:_--.,.,. 

·lLuiTJ"t.rR 10 L:"t li'uiTt 'hrn· 
(10.21) 

Au uddit ioual COIIHll'itint i ~ dt•riYcd from illl' condition of lrn uspnr(·u<·y uf' ~ - m.1·~ to 

pair produdion absorption. fmportantly. th!• tran~p<u·<·uc~· rouditi .. u dot·~ 11nl rlqwud 

ou the specific ~m ibsion nwdwni~ms. lht•rd'on· it can plan• a st rr nt g <llHI 1111/t I"'"" 111 
constraiut on tb(' minimum Valli(' of llH' Dopplt•r [n tt•r in tiH· sse modd. Followiuj.\ 

Don<li ~ Ghi. ~lliui (lDD-) aud Ta'·<'c hio. ~ f arnsdti ~ Ghisdlini ( I DDS). eon <lit i 111. t·ru1 

lw ll'ritten 

( I 0.28) 

wht·n · 111g1 is the Ji'cqueucy of Iorge/ phot on., [OJ' p~tir pr<H lndio tl. rr•latl'd 11-il h 1-nn· 

phCllon ''·, as l.G x 10·tll fu..,. d is lht· ~pctlnd energy iud<'x of I arg<•t photous. F(u,~,) 

is the flux density of tnrgt" l pJJUt OIIS per fl' ('(jU PlJr·y. awl r/L is I)H' itllllinll. ity disl<llll'f\ 

resp!' ti"C'!y. 

. \II of ;tbo,·c fnm co11ditious ( rquatiou (10.20). ( I 0.24 ). ( J 0.21) :•1 HI ( 10.2 ) ) arr· \\Ti tt c• n 

in terms or li\'O phy~ical p:ua mt·t crs: th magtwlil' ti t' lcl mal I I~< · bc·;Huiup, fa,.lor. Eaf'h 

ronstrainl theu ~onc·spondh to au <lllowed region in the (1:> .11 ) pln!lf'. Ou tlw flllH'r Imml. 

the X-m.'· obsen·aliou t•f ·ri tn r-lags' ~lrongly limit fl aud b ;doug a 11 :11Tm\· !itll' IJ 11 11'1 

(~.g ., t··quatiou (10.2)) . Thus lllis pro,·idl's a mt ·ial trsl to I'X:il nilll ' whrlhf'r I he limit~ 

li·om ~pec trHl eut"rg.1· dist ributiou ;;Jl(l tillH'·va ri<Jbilit.'· arc Jlllllnall r •·ousistcnt. Ln thr nr·xt 

s· rtion. lYe en; luate lhC' a ll owed para1nctf'r span· (~. fl ) for c·ncl, Tc· \ · IJinzilr. 

10.6 .2 Individual Target 

To ..,,·aJualc the SED for <"a ·h Tt>\' blazar, we collt>dc·d tlw uou-situu ltaHc·ous tlal<t frotn 

the literature ;md combiu<'d "; tit our simultaneous .'i.-nly/T<·\ · ·,-ray dma (M'<' li 9). Si11Ct' 

lh · conslrHiuls de:, Tihf'cl ahon• ba»ically assuute a .~ lurr/y stolr Plltis~iou. lowes! fluxes in 

the lit<'r<•t urc 1\' r pluttccl a~ an a1 prox imalP quir ... ·tu l statc· . 13Alant(' of Ci)o! iJtg time 

and escape timt• (lwothhr) = 1.., .. ) is ouly expeclr·cl 1\'ht·n fh ' ~lf'clmn JH•pulation has 

0nongh ti11w t'' read• anl'quilibritun Slil f t'. Sintilarly. the· r~• lin ))(' lll'<'<'n thP rudi:.tioll ami 

lhe magueric Helrl d<'nsities (•·quatiou 10.21) holds wlu·n tl1r pb11l ou d .i~tributio11 is in a11 

rquipartilion (<·.g .. ~ 111. In the following. hO\\'(•vc·r, w<· al~\' ll~l' sinm llitn<'ous dal<t iu 
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v;lrious fiRring ~la i r-·' In dwrk til CO!L~ist<·ttr-_,. of pllramrters dPri,·etl from the ~prctra iu 

fliP qui~~WI'IIi ,jill<'. 

Tlw r~s11 l1 s of poh· tll!lJU~I fit arc· s >II!JIIIarized in Tnblr 10.1. \\.(' dr·fill<' 11~" as tlw 

fr<'<tll<•ncy ll'h rt• :<_rnd11·ot rou liuninosi ty r aches a hall' of it, peak ,.Glue (11f L 11 (11;')) . while 

ll~""' is til l' rrf'(!ll<'llf'.l' wht•r(' the synduotron Jumiuosity dccrl'ased to a hnJf of the peak 

(F ip,llrl' IO.t J). Sine LES 2:3~4+-)t.J. lla~ not brcn cll'lf'rtcd by EGRET (FigurE· 9.1 -l ), wr 

r·oul'eniC'ully 'L<;Sume il lwst- lit polynominal fuudion of .\frk 30 1 lor lhc Compton racliali ou 

of 1 ES :!3-1-1+0H. 

lt should hr· wMd th<1t fnr .\ Irk >121 and PJ..;S 21-:i:i-30-1. the total synchrotr n ltl­

nlitiiJ li~y L:0
' is larger lkm llw total C'ou1plnu lu1\liuosit .1· Lt?' by a factor of 2-3. whill' 

J><'ari.~· L'(fll<tl fr•r 1 Itt· r·n,..c of :. Irk 301. .-\bo noll' t lt at thl' mnx.i.mum BY nd1roLron frcquCIJr.Y 

IH'<'Olll<'o la.rg<'r lor li1.i.J>tcr sm 11n's {set·. also Fig11re 7.27 ). 

Table· 10.1: l\.esu lts of polynonimaJ (cubic) lit 

~uun· · " 11!H /J!' 1,:nax ~I' L ,(v!') L~n t " mox ~.~&Lc( r,~> ) L lul ,.~c vc (; 

(Hz) (H<) (Ht.) (cr'!,/s) (cr~/s) (Ht. ) ( Hz) (crg/s) (crg/s) 
ll!rk 121 o .. > J~..t J!i.S 17.2 4<1.3 45.2 2-1.2 25.1 -1-1.0 -1-1.8 

~ ll'k J ill n. t 13.8 15.7 17.6 1-1.0 '1-l.!l 23.0 24.8 ~-l.J ·lfi. O 

PI\ . 2!~5 0.2 11.u lG.O JT.3 -t5.7 46.5 24.2 25.7 -1 5.3 -16.2 

-30·1 

IES 23 1•1 0.5 11.1 16.0 17.0 -13.3 44.2 23.0 2-1. -l3.4 44 .. 1 

+o1t 

l'r••<tllt.'tldt.os <l.Jhl lumiuuffiliNI arc o:~JI gh·('n in lt>!J. 

tluliCI (IHilHmt>l'•t') ::-Pl'l 1 ral iud"x. ,, ~ if)"ll('hrul ron lne<1k freqUf'llC")'. ,,~, r : ~yn cllrotron pe<~J.: ft(1tlll<'n<"y. u!1 ; synchrot roll 

Tit<• I inpnt ohspn ·ables for lhe <lliowed p~nuneil'r space aTe summariz<"d i.u Tablr 

t0 .2. 1,.., was dct<'l'min ·d frotll tht' characl(•ris tic lime sca lC" f the .'\-ruy tinw ,.aTial>ilily 

l'onll<l in this lli('sis (h 8.2. :3 ). \\'e nssun1e l var = 1 clay for IES 23+1+0H. bc·cam;(' irs 

I'<Ui:\hilily I in if' ,;rai" i~ c·ontplc·tdy uuJmown. hut long"r I h<Ut ~ 0.3 cl".'' (Fi.g1trc .11 ). 

01 her i11put qua ni il i<'' nrr• sa ml' a~ Ta!Jk 10. I. ('X~ pt for additioua l errors iu tlw l'il.ill t'o 

of t'r'"x and Lt'. \\ 'p add sysi<'matic ·rror' or fucl\lr 3 and factor 2 in tlte nt lues of 

1'/\"" and q~· , 1'<> p~c1i1·rh·. Thi~ is br•caust• 1 h<? C'nm]Jt 11 compO!!Clli is ,.,.,\luatrd 11i_,. 

fro111 (;p\'jTro\· ')- rny d~la. 11111, quite nnrertai.u. On thP olh~r hand. ihe ttuali1.1· nf tbr 
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s.1·nrhrotron SfWCLnlln is lliLldt bt•tter thau ihv C'01uplou SJW<'illrlll. so IH' c;m n<·~h·1·t the 

errorSt ou ~~~u·~-" aud L~01 _ 

Ta ble 10.2: Input oi>HetTalll<"s for inr!i1·iduni Tt•\' IJlazar~< 

S<)II I'C(' " l.t~r IJ'~III'IX L:,, 1,p_1nt [' oH I 
• (' f\'IH 

(U<) (ll>) (<'rg;M (Ht) (<·r~/o) ("' '!') 
~ Irk ·121. 0.3 J.u 11.2 -1.5.2 2f). 7~ :~ ~ -t4 . + II ;1 1.3x 1.0' 113 

Mrk 50 '1 0.4 t3.8 11.6 -1·1.0 2~.s :g ~: .J r)_ () +~ ~ I.Oxtll·; 

Pl\S 215:) 11.2 l4.G 17.3 -16.5 25. 7!~ ~ 10.2+~ ~ :J.() x ltl 1 

-30-1 
LES2J.W 0.5 l ·l.l 17.9 44.2 2-I.S~g ~I -14 .3+g !.Ox tfl'l 
+5l4 

l'rcqtlenci~ aull lumino.-.iti''8 arn a.ll gi\'£>11 in f()!J· 

r-adio (lllillil'nE.'It.'r} s,prc'lral iudcx. f\ : sj·ndHOitol.l break ftr>(Jilt~utv. v!•r : o;yurhroJtron lm.xirnnn• frt•tplf·u )', 1J~""'" : tutlll 

:;crnf'"hrCJt ron luminosity, £.!011 ~sse ma...:imuul rn·~}lll'tlC'\". ''(~··u : total c;sc ltl lltillnsi ty, I ~? 1 ; \'n.ri<thility lim·· :'ii"Ot](', ' ~'" ; 

t tT!oCertainties or rac lor :i in the v<.llll:' of "(!U and fa~·tor:! iu the \"t=due of L}':'' ~r·· l;\ k(>'n \ntv nt('C:tllnl. 

1; <t~SUtUed to be et"JUa)to .\ I rk ;)()J . br•("ktl:i(' L..:C:JlJ::l dett•ctiOil ha • ., \}Cot h~>t'll rl"'piiTII'~J. 

Mrk 42 1 

l n Fignr(' 10.12, we holY lhE· paramcl<'r span' for .\ Irk ..J.21 (,·ir,ltl) . Tl1in rc•g inu is iht' 

;tliowed space derinxl fr m the (f11t e.sceut SED of :.Irk 421 (T,tl!lt· 10.2 ;u!<l Figurr• 10. 12 

(left)). Uncertainties o f factor 3 in llw ,·aim· of R. fador lll in/.,.< nnd tiH' r dndiun 

of Compton .flux. in the KJein-\Tishiua l'c•gime (up to f>tr-tor 10) are t'ousider<'d. \\'!' al&o 

inYcsligate tlw allowed param ·(cor space for various (iarin' s tall'S plol 1!-d iu Figm<' 0:. 

rilled >l.r<'<l i. the m·e.rlnppecl region. The ~o licl I'Prtir·:d liue is tlH• inwl'r liutil [r(l).JI th(' 

Lril.ll. p:uency eoudition cll'ri1·ed [rom T(•\' -rrayjoplical c-orr ialiou iu linu:- vmiahilily 

(l3uckl('.'. d a l. JDfJG: ~quation ( 10.28)) . 

\\'· also plolthe r<tHipcLrlitiou condition f r the ulaJ$uclir fif'ld dC"nsi ty a11< l s.vnchrutron 

photon density. CIJ = C:;"·"u Daslwd line with a labc·l ·TJ.I' is tlu· cn.~e "'''"" :J!I til<· 

~caltNing takes pia~<' intht'Thomsou regime. alth ugh tbL~ is nulikc·ly fur tho · Tc•\ blazm·~ 

(s e the diWI! 'lSion in § 10 . .>). :\ liue wilh a lahPI · J~ .. i..~ Uw C'~~t> wh<'u tlu• ~r·at l <·ring 

I ahs plarc iu lit<' 1\1 .in -\Ti~hilla re ' illll'. rrdu ·ing I he I" if ·cl i1·c· SPerl photon d•·ll~it .v b1· a 

f}H·tor Of/{= JQ. f3 Ill Jiac llS.'>IIUle n = c· l vnr ~for SilllpJkill'. 

l.mporl aJltly. tb.i.. cq11ipartilion !inC' diYiclf's tlw .<ynr/Jro/ron rooliii!J dt} lllll/f/111 regi< >ll 

a11d Compton coolillf! dom inan t n:gion in thf" ~-JJ plane. Synchrotrtnl r'ooling approx­

ill!alion (see . s 10.2.1 ) is rmly ,·al it! in l]w rip,ht of this line, while iu till' i<•rt. Coutploll 
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n·oliu• i' uum• r·fl(·(·lin•. Thus r·luT('Ut ,,]]ow<'cl n•giou for .\Irk ..J2l indicatt>s that thr ~.I'll· 

chrolmu c·ooliug i~ Ilion• do1uiuaul lhau Cn1npton cooling pror<·ss. c\·cn in the Tho1nsou 

Br;lll,.riug li111il Tili~ is r·oJL'i~t<-ul "i1h tilt' fad that L:"' b larp,Pr b,· factor~ 3 thau L(?1 

( Figure• O.:J ). 

Finally. we• ~II]Wrposr• a f'Q nst rain I from the ohs JTnl I i1u<•-h1gs ill ,·arions .'\-rn\· llergy 

f>,lltrl (Taka ll>ts lri 1'1 al. l !J!lG). yncilrotrou cooliJl is assunwd to b dominant con ling 

prpcrss. Tit•· ]ill(• i~ app<•n red as a flat &olid liut- (B b- 11") ,,·ith mea. 111'<'ll1C'lli <'!TOrs 

on tit<· Ia!!, (doltt'd line·~) . It is 1•xtren1('h· important that thih lin<'. \dur·h is omplrtcly 

indr•pt'IHI<•nt of I ht• Slll'r-tral r·onst raints, i ~ ui1 ·rly in fli\r<'cmeut ,,·ith the paranwter n·gion 

allowt'd IJ\· thus<· f'Onst raiut s. 

" ~rk 421 (Low dl: High state) 
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Figllrl' 10.12: hft: pol)'11(1111i<tl (t"hi.-) ti t uf ,,F,, sp<·rlruw of~l.rk Hl. Eatt lll"d regio11 i> lilt 1111<-vr· 
t.nittt ,\' n:-:-rwiBtt·ll witlt !It (' t• s_tinJaft!{ of vt (f<tdor 3) (utd Lr {f;u:tor 2 ). ri,qht: the.· parauwt .. 'r .-: pcH 'l' (it. 

D) ulluwtd hy lit {' ()JI('-ZOJII ' sse UtoUcl for ~frk 121 tlata. T lliu rt·~ion is rlu.· <:l lll)w(•d spa<.·t· u::; iug Olllr 

SED data for quit ·:-. 'f'lll sta le (I< jt ). wliik tiLit·k t'q.;iou i~ th(' 0\'t•rlappNI t·c•t;iou for ''ariOII :- :-.Ol trtc.· Ht'ti \'· 

ilit '!<. (Fh;nn.• !L)) . Snlhl lilt(' put ill da.:. lwd lilll':-. i:- il lin1it dcrin:d fnuu 4'\-ruy ,,IJ~~..·rvatiou of 'tiua·-l.ng:-·. 

a s:- utuiu~ tlw ~~·uf hrotrou t·ooliug J)I'(I(T:-~ . \·,·rtin lllila· j.., till.' litt1i1 fro11t T .. ·\ · 1~ruy/optitalt: r~l.lt SJiart'H<·.r 

t'OIIdition. O.t.s ll('<l liut·~ sltOW tltl' I'(JtliiJM'Iitiou IH•I\\'('1'11 c, <IIIli c :\·:ul. w!Jidt dh·idts tht ~l oiJiill;u t n• of 

... yucltrt,truH /CouJptou t·fwliu~ prot ·t~M·:.;. Lilll'"' for TJIOJII"'Oli litttit atu.] 1\l<.·iu-l\ii:<iltitiH Umil r.u·<.· $<·para.tt'iy 

.., Jwwu. 

irk 501 

Figure• 10.1:3 she"'' th ' p:unnwtcr ,;p;ln• fur ~Irk "OJ (rirJht). Tl1in region i~ he allmn·d 

~pace dl'rivr·d from1hr· quic.,t'Fnl SE D of ~ I rk 00l (Tnh]P 10.2 ruul Fi11ure 10.13 (/rfl)). 

l1utt'rlaiutit·s ill p:u~ ult'lt·rs an' smnr a~ that for :\ Irk ..J2l. Fillc·d area is the owrlap1wd 

10.6. CO.YSTRAI.\'TS 0.\· TIJE Pf-{)'SJC.-\L r . \R.-1 .\JETEIIS I~!) 

n•g.inn " ·i 1h lhosc dcrin•d for ,- nr it>\1 ~ fl aring stall's (Fil\l lrt ' !J.JO). The· solid \"Piiir·;~] lin•· is 

the IO\\'C•r limit from the lran;,pan•un rondilion dPri\'l'd l'rum r,,,.- -wy/nptir-alt·orn·lation 

in lill iE' 1·ariabilit.\· (Ca taJJP!'>l' C'! a!. l!J!ll: equation ( ID .2c)). 

The eqnip;u-tition enndition for magu<'lic f:ipjr] dPw,il ,\' ( '11 <!lid »YIH'hr"trou dc•us 1 1~· 

C;""11 is sho\Yll a;, dashPd lint•s. A line for purE' T ho11 1sou limit nud I(Jc.in \'bl1illn linlit (1; 

= 10) arc. epnrntPI.v shu\\'n . 01w finds 1hat sy ur·hrotron cooling is do1ninanl "·' lo11 1~ '" 

seattering lakes pla<·c in lh<• 1\IC'in-\'isllin" rcl\iiHl'. L'n[orlllllilll'h-. no :\-rm· oh~i'lT<IIic 11 t 

nf ·time-lags' ar E' rrporletl , h<'nr<' uul~· &p·ctral <'t>nstrainls <HI' sho\\ll in lhC' fi gnrr>. 
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Wrk ~I (l.o• AI: H•t~h •lal.,) 

'"" 
<5 

\X,.. \ TM 
500 \ 

i 
I 

~ ' ' 
i---- • \ I 1 I \ 

/ '" \ \ 
{ $· ~ 10<l 

{;, t\ !'. \ . .. f • = 060 "' : I \ ' .s j\ \ 
~ 

~ :~ ~ I 

! 
42 I. ~ 

I i 010 
\ 

<1 
000 \ \ 

~ 

I \ 
I \ 

t 
* ' <0 \ 0.01 

" 20 28 1 10 20 50 
Loa frequency (HI) Dumlna t•cLor t! 

Figurf' 10.13: left : polyuomial (cubic) fil of 11F,_ s pet"trt1111 uf ~lrh .jOJ. ll a11 lu•cl " 'Jliuu j, tl><• uun•r­

lttinty ashO(;i.l.t<'d wit It t ht· t•M imaws of 11:). ( ft..t.nur 3) and Lr (f<J.-ctor 2). rl fJhl : I Itt' pa.rautNcr "l>lU.'(' (ll. 

D) i:tl!U\\'(•U by t.lll' OW.'·/.Ull4,' sse uwdt:l for ~lrk 501 duta~ Tlaiu rC'giou i:-; i lit· a!IOWI·tl :)pan· tt!')ill~ ouly 

SED data. for (llli 'Sl'l' lfl ~ ratr· (left). wlt.ih· thic.:k rcgiott b Litl' 0\'t•t•lci}'P('d n•giou ror \'lll'iou~ :-.ourn• aet ivi 

ti~ (Figure 9.10). Vertka.llim: is the litJJit frow Tl'V )·ray/ovtinJ tnLu:,pan:m·y l'tHtd i~iou . Da .... lu.-<..1 Jiu(' 

:'ihow:-. tilt• cqu ipcu·titiou bt•tW('(..' Il ~-/J aud L::~·nd. whid1 dh·idl·s tl w dotniu;lu<·<· of ~_\' u("lirutruu/CouqHOII 

tooliug pTO{'l':-.:-c·s . LU.tt',\) for Tlwm~ou liwit- aucl Kldu-~i:--ltina li111it :uf• seJMnHdy blwwu. 

PKS 2155 - 304 

FigurC> lO.l-1 ,how" 1 hr paranlctPr spar for Pl~S 2 l::i.j-30 1 ( rirJhl) . Thin rrp,io11 iR I he 

'lllowcd par·e deri,wl from the qtu e.•rr ot SED uf PI\S 2lJ.:J-30~ (Ta hiP 10.2 >~ uri fig­

ttrc 10.1--1 (lc ft) ). Uuccrtainti s in 1 ru-nmeiE>rs ar as~u lll d to IJt· sa tu!· ab that fur .\Irk 

-121. Filled area is thr· overlapped rP[!,iou for those dcriwd front 11011-sintllltau<•nu& ECRET 

obsNnll ious (oc~ Fip,urc 0.12). Tran~parcncv couditi<1ns r;uwol lw r-aknla tf'd bP a Hht ' no 

f'OJT lat ion of ,·ariabi lit.~ · haw• h<'Pll re'porlcd bctwe<·u h_n whrolrou aurl Cornplo11 r-outpo 

nrut ~. 

100 
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[quipart it ion c·nnditiou 1'01· Cu ;utd l ·:".,;1 are giveu Hh da~hc•d litH'S. both for ThtllttSOII 

awl Kl1·it1 :\islrimr ca:,r (1; = Hl). , '_vnl'hrotrun ronling apprnximation i~ ,·alid as long as 
:,r·atlt·l-illp, lakc·s plm·c• in th<' Kl<'iu-:\i~h.iua rt'p;ime .. -\!so nntr I hat L:"' is larger by factor~ 

2llwn L;':'. wlti('lt i111plit's I hal s.nrchrotron cooling. clor11iwrtr, in this sourct' (Figure 0.12). 

c\ nollll'r r·on~lmiut from l hr obscn· d limt~lugs in nu·ious X-r:rr rnerg~· band~< ( 1\:nt aoka 

1'1 a!. 2000) is p,i""' ' ir1unrrnw :,olid-dotl cllinrs ( D . tl - 11=l). SimiiM to tll L' case· or :-. Jrk 

-121. tlti:, litw i~ •·xartl.r eousio(Pnt with tit<· parattH'I!'r region independently ciPI.enlliJIPd 

from 1 he• "J><'el nd rou,(ntinls. 
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beam1na fecHor II 

Fi!!,lll't' 10.11: /cfl: l"''·'"""'ial (t-uhi<") ~l of 11F, "I'Cl'l >'IIIU of Pl\S 2155-30l. Ha.tdJ<•<l n·~iou ;, llu• 

uun•rt:liur,v as~oeiatt·d wit h tit(• ('':HiJJJt\t(•s of 11(. (f<H'tOr :3) a.11t.l Lf, ( f~tc·ror 2:). ri.t~ht: tile pill'1JJ1(•1(•r span 

(~ . n) allowed h,r tit(' fllt('--l'OHl' sc IIHH.Iel for Pl\S 2 1!35-:)0<-1 data. Thitt l'l'g:iou i!') till' aJIOWf'(i :-> JHH'(' 

using: ouly P.D data fnr qui ·~n· ut ~lall' (left). whiiC' i hick n·boi.ou is tlu· ovt'rlappcd n .. ·f.; iOH with a ltiglu:r 

:-Wt(> (Fi~lll'l' 0.12). Solid litH' pul in da~hc_~d litH·~ i~ a. limil rl t:rin·d frullt X- ray obsl'rnlliOII or 'lilltl'- l a~:,. ·. 

r ..... .,ulllill~ IIi <· :'>,\' II ( hrOIJ'OII <:oulittJ4 pwn·s~. Da:-.hc·d lim·s show tltl' f•quiptLI'litiun bdWl'4,'11 C.'u i liH.l c:"31 1
. 

wllkh dh id~·s lht• dontiuRIIt<' nf :->)"II(' II rot rou /Coni JHOu l'oolin~ pron·ss~·:-.. Liut·s for Tltotu::.ou l.im.it <Utd 

1\h·in-i\'isltiun litnil an· :-.t·p•ual<·lr ~huw n. 

lE 2344. ~5 14 

F'i~nrr lll.J.J sh >\\·:-, tl11• J>ilr<tlll<'l<'r oparr• for IES 23~-l+.)l I (riyht). Thin rPgiou i~ lit~ 

<dlom·d pan>llll'iPr hJl"'''' dNi,.,,d from the !JUIC-'CCIII SED of IE 23-14+;:)14 (Tahir llJ.2 

and FignrP ]().[ .; (l r ./I) . Siuc•• th<' 1<1ta arc, too sparse ·~<peci:dly in 1it1• -,-ray(£ ;nET) 

nii!R<'· we r·oH\'<'HiPntlv ass\IJiwd a pol~·llolllial function of :-Irk 001. just h_,. cltaugiug JIJc 

n<trntalitat ion. Lumin Jsit,· ratio. L~0' / LiQ'. i~ a:;sunted to lw l'<JUill in flw&t' rwo sOUIT<'H. 

Tl.!ub follow in • ·alltHI('Iln·gion· mnr Itt• f11ult if t lw Compton ~I'<'<' I runt ol'lES 23-1-l+.jJ.J 

10.6. CO.\STR. US'J: OS TilE PI-{) SIC.\ L P. \17. \.\ll;Tf:l1S l!Jl 

is corupJrotcJ,,· cliffcr<'nl from tit<· :-Irk .JOt. Trauspan•nc~ <·ntlllirioll~ r·m 1not IH' !'<tl ulatrod 

lwrau. e au~· ·orn•lalionh of lime' \·aria! ility hils not lwrn n•puri<'cl. 

The eqnipanitiou I'C>ndilion for Utn!!;nl'lic fi<>ld cJpu,.,il\ / '11 and "'ll<'hrolron •knsilr 

c;·vall is hown ill> ·l~slwcl lint'S. Liur for j)\lJ'(' Thomson lilllil iUIII 1\lr:ill·.'\ishiua liwii (;, 

= 10) are separatcl.r &!tmm. One fi11ds I hal synl'hroiTull coolin" i., dotnin:.tnl as lullf\ n~ 

. eaiiPJitJ g lak!'~ plan' in tli<' 1\lcin-.\'is llin a r~'ginw .. \ lore• "''"''1'\';diou~ in nu·iotrs t'll<'rgy 

bands are awaiiN] for !Iris sou JT . 
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Figurr 10.1;:): lrf/: volyi>UIUial (nlbir) lit of uF, Sj){'('lrtiiU of 1 2311+!;11. lhc>'!J etl ····!(iou ;, ti>t• 

Ullt't'rta.iuty ~~oda.t<.'<.l wit it t!J(· eMhnat<·~ of 11t (fttc- tor 3) autl Lr (rue tor 1). n _qhl: tlw p<tro-uutln ~p<Wt ' 

(h, B) allowt•d by tlte l)ll(.'- /.Ollt.' sse wodcl fur lES 23-14+5l~l (lata. TlliH n •giou i"i tlu· allow<·d :-;p~H'f' U.')ill~ 

only SED 1..hua for (Jllit·s<·t·t•r :;ta.tr· {lr/1). wltiiC' titi(·k regiou b. tlu• ov,·rl:1ppt~ l I'('J4iuu ftw \'adous i;f)lll't'l' 

at·ti,·itits (Figur<.· 9.14). Da ... h(·d lilll' ~how:-- the ('Cptip;u·titiou lwtwt•! 'll (.. JJ ;tltd c:\•;IJI. wllidJ dividf·~ tlw 

dolllil!UHC(' uf :)_rtH.:hrotrouJColllptou l'ovlius pn.H:t':;~t·:,. Liu(':-> for Tho1usou liu1it aud l\ldn-~bl1iua. li111it 

an.· ~l'paratd_,. showu. 

Summru·y 

In sunnnar_, .• rlir t·a lcul~trd physical quantiti<os forTe\ · i>hLz ,u·s an· ~!J0\\'11 in Tal>k· 10.3 

(.J >f I paramPICrh). \\'e ~ssumed paratllt' crs in tlw <>V~'>I'hlpJl<'cl rc•gi•m of (l>. D) hp;wr·, 

alL hough tbcst' might 1, • O\'Pr-coust rainls if the pllot<>n dis I rihu1 ion~ an• far fmm <'<jltipar· 

ritiou in tl11i' fiMing statrs. Th(· limits ~~~t d h€·re ~J'f' onl\' frmn t]l(' spc·r·tr<~l I'<JU~>Iraiuts 

and aridilional <'Ollhtraiur~ from ob~Pr\'C~d 'limr- lags· aJ'I• uot lak<•u imr, arr·f11111L . ..Uiow<'cl 

~pac• 1\'0Ulrl h' nwn· ti •hliy conolraiu d fi'11· \[rk <121 aud PKS 2];:).)-:l().J. if !hose lirn.its 

arr rombint•d (JJ ~ 0.1 - 0.2 G). HPnHLiuing two pliy&i•·al qnauliti,.~nl'l' ronsil.r dr,ti\'C·cl fr01n 

I hesp;:; parauJPll'rs. Thr ranp,t• of l..,c i. j11st R /r·-1 OR;,.. :"ullllillizal ion of input d<•(·f rons 

>00 
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q, 1"1111 h<> d<'l<'nuinNI III>UJIIFi!J to agr~'<' with ob~ern·d L~"'. but it b difficult to eJqJr<~s~ it 

iJt ~u nnalnical ((,rm. 

L1npnrfautly. mtr d<'riY<'<I pari-llU<'tr·r (Tall ie 10.3) iudirat<•s th'lt tlw mag1tet it field 

~ LrPn~fll a and !he maxillllllll Lorelil'l. factor lmax of Te \ ' lilazars I'll'(' l'er_,. simjlar ill lite 

qui< N·r·nt sfatr·. Sinr<> '"" a&sumrd paranwtcr~ in the \ll'erlapprd region of (b. JJ) spnc·e. 

IU"'-<' two par~nJ<•I.f'rs are not ·~hanged f'VPH in thr flaring states. 011 the tllC'r hand. '""" 

" '"' r1,. r;ut vary in 1·arious sfa(l's of some~ acti,·il_,._ <lf> suggest <l from the difl'f'rl'nlwHy 

of spectral f'l·olution obsC'tTNl iu ~ Ir k ..J.21 allll ~Irk ,)()1 (§ !l). For au example. we expect 

that tJ,,. '""'"of ~Irk 301 inr·n·a!:>etl to~ 3xl06 11·ltcn the soun·p wa<> in th<' high stat<'. 

,IJtil"]] ;utd h &rny<'d mnslfulf (s<·'<', s 11.1). 

T;thlc L0.3: Output physind quantities for indilidnal Tc\· hlazm. 

:-.O Ul't<' JJ J71 lmn..x 

(G) (pt) 

~ I rk t2l I.G 12-18 fl.l-0.3 (l.G-T.-t)xlO ' (0.9 -l. )x l05 

~lirk (j(IJ 1.8 T-ll 0.1-0.J (1.0-JO)xJO-" ( l.0-3.8)x 10" 

PKS 2155 u 10-36 0.08-!.2 (1.0-lOJx l0- 3 (0.5- LG) X 10° 

-30-1 

'IES 2341 l.9 3-lO O.OG-2 .~ (0.8- A)x lo-a (1.3-7. 1)x !O' 

+-5 1~ 

n'"mlt:tut nll"w(!d \Httal!l•'lt>-r n~~it'O:> cle~errnirted from ih{" qnie:H'•"nl :>pcc.'tral euerp,:.r distribtniotb. Liu1it~ from Ob!4erVcl1 

'lill••··l.y:;;' cue not t<lkl.'tl itHCI /:1\·~onnt. \llowt·d ::;p«.f'E' would 01.' tllor •~ ~~~lttlv t:Otlr:>TroJn,~tl fnr ~ I rk -12 1 i~tlCI 213}}-:W.L if 

•tiJw'-lt~p' uw er)ll~id•·n..J (JJ-:::- 0.1-IJ.~ (: J. clL"t'trou iujcctiou :>pectral iud("_,. • ..-;: beaming fa.ctor. fi; ma,gttf'tic tlt>ld $trength, 

Ui l'llliR~inn r('~:t,(on si.te. U: tua.xhuunt Loremz fattor of elecuon, ~, ,.. Mo.· 

I: I TlC'•'rlaiutics ltf r.u:'hlr ;t iu thl· \'O.IIUt• of u b ta.k('ll iulo account.. 

10.7 Motivation to develop a 'NEW' theoretical model 

Front d!'t >1 iktl diseu~sion in 1 his chapter, we fcHI.nd tl1at the spec·twl aml tetnporal be­

haviour of Tr \ ' h l az~r~ i~ well coxplnitwd hy <l simplr Oll('·ZOI! P sse SCI'Ilario. 011<' of the 

II \liS( itnponnnr dif.<·o.-rril'S is t !tnt lite rapid X-nty time l'atiability in hlaz;Ws """ prob­

ably chnracl<'riNd by~ dyn;Jmi ·al t iute ~cak>s: acre! ratiou time/,.«. cooliuf!, time l,ool 

and sol!rtl' li >ht tr<tn•llime 1.,., a]]([ injection LiJ111' lini· It i~. hall' vcr. unfortunnt<' that 

tltr l1t<1'1 of t h\' pn·1·ivns 111 >dr·ls con~idcr . lrady -<tot emjs~iou only. iJl spite of rapid 

l'arinhilit_,. "-],idt is n!'ll'll S<'<'ll in hla7ar~. 

\' l'\' H'<'f'JI( iy. ~t>l'l'l"/11 ill!litor~ iHn·e Slartt•d [o develop filllf-tli fi' 11(/ent $S(' modt•! fo 

Ill./. .\WTll 'AT{().\' TO DE\ 'EU)J' .-\ .\'£\\ .. THEOHCTJC".-tL }[()DEL 103 

imerpr\'1 tilt' rapid l'itrial,ililil.'~ illlll sprctral ('I'O!!Ltiol!. or hla;:l!'s. ~lastidtiadis .!-.:-Kirk 

(l!l9r) ;tud Denner (l!JD ) considf'Te<! timt•·dPp\'l!Ci<'nl S C nttHI..!s ll'iwr<' tl11· l':trinltilil,l' 

is on titlle ,c-al<·s long<•r titan /J (r· (sPt' . also s 2.:3.2). llowr'\'<'1, our c· ti!Tt'lll I'C'i'l!lts ~I rongly 

prrdids lhill the eooling titne of lhe high<'~ I dr••·lrou~ i:-. lll\tch hiiOrl <>r than /,.". tluts 

mpid ntriability c·ould be rclaxPd (:ntoot hPd ) h_,. lip,l11 1 ran•! tin11 · ,,ll···cti' '"'t'r 1 he s<>H rrP. 

Chi~bcr c &: Ghiselliui {ID!J!l ) RU<l l\atauka <'I ul. (2000! l<•nk thi,; rd<lX<tfiiJII Pil'<•<·t intn 

accouul. hnl lhC'ir models ncgkrtrd tltc• limP ~r;dt• for 1'1.-ciron~ to'"' acrel<•r;Jtc•<l (1.,"). 

hirk &: \[u~tirhia is (1D!l8) ronsit!Pr<'tlmon• :-.nphili(ir<1tcd .~n' Hario II'I!!TP a thin ~ hrH'k 

front prop<rgaiP~ through I he rmif'siou region with a Jiuilt· Y~!ot·i l _l ' \ :. '"Pt>i.'·iug fn•s!tlr 

acc-eleratrtl electrons on!~· in rht~ front'~ .-irillity. Thc•.1· arf!,lll'd tlta( tilt· 1'"''""''' ol' a<T<'i· 

cration and cooling prorcs.><•s pla_,·s au important rok to char:-wtNi?r hlantr's ,·ariahilit~·. 

in particular at 1 ~ ~"""" However. lhf'ir mor!e!Jteglc•ct" lht· ·ff\'l't> uf:-.ttJO\>llting of rapid 

,-nriabilit_,. br light-eros ing tinw seal<>. 

As a consequ<>nre. a timc-dcpPmlent ll!nd•' l wltich cou~id.crs I dyuamicnl tinw s<:a iPs 

properly, has not hc(•Jl drw·loprd so r,u·. To l'Oilfi rm III<Ul.)' ic!Pas discussl'll iu tlti>- tlt<•,is 

and in1·cst igatc tltc rclatiYr iiuportaurr· of I hose d_ntnmiutl litn(• '<'<tics. 11·r dt•I'Piupc·d a 

/!1'(1' tim -d('peuclent sse ·ode. T his !llodd is ~n itnprOI' d version of a lllOdt"i]JI't'Rf' IIINI 

in J-.:ataoka <:'t a!. (2000). \\"p introduce I an acr~lrrntion lt·rm in lhf' litur· rlc•pt•udt·nt 

particle kinet ic equntion in lite model. Thus all tit<? relc·vru1l tiutc scaJp:·. I ncr· /, . .,.,1• lw 

ami t i.,j· are accuratdy considered in lhe code. 

Since ou r c·ocle follows I he full time c1·olutiou of rlrcfrons and photons in tltt' K(Jli!T('. IV<' 

can tudy both th' spectral <'Yolu lion and tf'mpor;.rl mdability in b!Az;Lrs. Fur rx<Jntpl!', 

clo(·kwi. <' and inlti-clockwist' loop p<ll t m can h<• s imulated fnr ntrions typ<'~ of Bar ,s. 

Those rPsults wi ll bf' dinTtl.r comp<lred with ill(' obsr·n·ational data (P.[!, .. Figut<' 7.W). 

Our SSC code i~ also viahle lo pr!'dict possibif· \'ariauility pal l<'l'll whicl i tnay (J(• oh~<·rn·d 

in future. wilh a ,·ariety of balances or 4 cl.ntamica l tiall' sca les. 

ln ~ Hl.G , W(' han' ini'C·~tigatnrl thl· al l<JwNI rt•giou~> and ~nccessfully pnt r·on~J raint ~ iu 

the param<'ter spac lJt lit<:' next chapleT. we will appl,1· t lH'sr srlf-ronsi.>lr"t solurious 

to t!J<> ob. rvation~l data. \\'r will also disc·n,~ ''"' eflcct~ of crnR' s<·rii<Jil rP<illl'lion iu 

tltr 1\:IC'in-'J ishina rrginw. >JH well <1-'> relative iiUpmlmtr·r ofsyJtdtrotroH/C'ot!lptc.n t'l>o]iJtg 

pro('('Ss in t !1<.' uext chaptN. 



Chapter 11 

Time-Dependent SSC Model 

11.1 One-zone Hom ogeneous SSC Model 

\\'e dPril'(' lhe Slandarc[ ~oJutiOll for []tp Ollt'-ZO!l<' bomoge111'011.'> SSe IJJOdd. il ~~Uilling a 

sphPricn/ [!Com etry of rad i u~ R. 

For a gen~ral sourcl' at n di slan<'C' d, from thE' oh"t' ITt'r. 1 h<· SJWdral <'IH' rg_r ll11X F (11) 

is d tcrmiJlE'tl by the photon <' t ni~~ion coeflki<"nl j,, :tnd llJC• ai>Mil'PI iou nwflki"nl <•,, b_,. 

1 I 'I ; · - ' F (11) = _ rl r/' i' [qr.j, (i')<'XP(- ll,,( r' )rl.• )] . 
~ 11 0L , . 

( ll.l ) 

This is an in I cgral on'r the 1·olumc of the ~on tT<' ll'i l h :u1 <·xpon<'u<ial ahsnJ p i it•H factor 

innJll·ing a lin E' int egral from th source point (r') through lo thf' f' X(('rior of liw bOHIT<' in 

tlw direc tion of the ohs~ rn· r. For th t> s_,·nrlu·otron ca~e. j., and <t., ar(' rPSJWcriw•ly gi1'<' l1 

iu equation (3.31) anr! (3AO). 

Go tLi d (1!)79 ) app li l'd I he solu1ion for tbt> synchrulwH t•nt is.>i"u front a h PII10!!,CJ J COu~ 

sph •rc for wlti <·h .iv a1u l u, arc conHt.anl s ov~ r lh I'Oluntf'. T he iul f'g ta lion is tri1·ial h<'l'. 

:\ppendix f ), ~-it> l diug Ii lf' s~·nchrotrou lumino&ily L,, .. ,(v) (= 11rrff_F..}"'(1')) 

(11.2) 

whcrr T,, is tJlC' optic-al dept !J in t!JP ))Job l'tiOllP, f!Je Jine of ~ i)4JII all<J ('Xprc·s.~C'cJ f~ T,, 

2o , R. The Pk!'tron pitch anglt, with rC'Sj)PCl to I hP IUHf!, ll<'l ic firld is !><' I to 11 = r. /2. 

\I'E· cal ulat(' thf' illl'f'TS<' Comptoi• t' lllission in (·<,rpora liug tlw pfff'Cif> nf cro5s ~<?dion 

rcdurtil•ll in the 1\k•in-:\ishina r<•gimf'. Thr diff<'H'nlial pholou prrtdll(·tion n\1<>. q(r ), is 

r·alt-ulatC'rl frolll •quatiou (:j.IO) . :-Jolt· ih~l fnr thr· sse lllodPL ll{fo) i ~ t it <' IL111111JP r df'nsity 

of >yn ch?·ofrOI! photon< prodncerl by lht .sr1.mt> dedmus, Jl!' l' <.'JI(·rgy int<·J'I'a l. 1o ht> r·xa1·1, 

n(Fo) nuics rlrpC'll()ing on lh · p 5ition iu the IUis~iou t,lol> and IV<' h:<l'(• to tak•• this t•ffec-t 

l!).j 
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iuru a<Tulllll (C:u11ld l!JI!J) .. -\pproxirnar .. h·. WI' ralcll lill<·d n(r,,) at tlH• renfl·r of lh" hloh 

11·irlr tlw I'OIJI'I'Iioll f<H·fllr Cnrr = O.l.:i ('"" .-\ppPIHlix 1). Tim' 1\'C Jraq• 

l7r (' j,. ( -n,. /1) 
/I(Fn) = -- corr- l-c · 

llcc 0 o., 
( ll .3) 

T!J,. Cw11plo11 lnnti11o~ity b obtained from tlw iuti•grn liun ,,f <' quu rion (11.1) for lire 

C'<J~<· of th<• SSC I' <H iial ion 

(ll.l) 

ll'bPr<' .i~s < ' i' the f'tui~ion cudtici<'rrl of the Compton rnis,ion )!,il·en in l'quation (3 .:i3) 

mrd "~Sf · i' 1 hl' " '"''rpt ion rof'fti,.ic•at of the Compt ou t•missiou. respect i,·cly. Sine<' the 

upr ira I cl<·pt h fur the· se lf ahsorpl iuu. •,~sf'. is tll'giigibl_l' small lor the Compton erni~sion. 

1\'t· HJl pr<•XiiLHlt<'d it as zrro: 

~ 16 2 :1 ·SSC 
L~sc( 11. /) _ :31r R .J,, . (11.3) 

11.2 Application to the Time-Dependent Model 

11.2.1 As umptions 

Our kirwtic· codt• was d<'l·elopcd as au appli ·at iou of a honrogcuc·ous SSC ulodc-1 for I hr 

sl<'ady starr, \Yhil'h repn·sf'ttls SJWCtra of Te\' blamrs in t he quicstf"Ut stat<-. In the 

cod!'. \\'<> "'"""'' a fl rodPI in wlrich dectrOIIS are <ll'CC!eratcd nl a shuck l'ront an i rool by 

~yrwhr<•l ro11 nnd i tJI't' r~ Cornpt<•u mdiation in l111• hourogcncous ru ngnctic field br•hind 

it. Sirnil,Jr to J.;irk. Hi<•g r 1,; :- Iasl ichi>td is ( 1008). we ln·at two spatial zoucs: onf' around 

tlw ,Jrol'k !'runt, in ll'ltil' lr till' partic-les <lrf' eontinu ousl.1· ~ccl'kr<lted (acc:deratioa region ). 

a11d nil!' dowu~t rPatJJ of I hc Hhock !'rend. iu ll'hidl I he d••ct rons rmit most oft hr rndi <Ji ion 

(•· tuissiou n•gio111) . Tirf" erui»siou region has a 'Plrt•ri<:al , ·olurn!' I radius R. \\'p assn111e 

horiJ n·giou' art' wtlll!Tlt'd .-Io,c l-'· in spwn·. Tlr{' dN·I rons iu l11c ~hock's 1·irinity ll'ill 

•'~<'H JH' Ii·nrn tit!' a<T<'IJ·rnliun r<'g,ion at a t<lllbtant rat<• r"",. and arc• uniformly injf"ctrd 

inlt• tllf' cnrissiou n· •ior1. Th11s tlw iujection ratf• of ele-ct rolls into the er11ission n·gion is 

J'X<lCtJ.'· llr<· ,aut<' a" th<• t•,tapP rat<· from the accP]•ration region. Tlw ~hl'nralic ,.i,·11· of 

n1r HJotlPiiu~ i~ givPn iu PigurP 11.1. 

Thn~ ll'l' m•l'd t11o kitJ<•tic t•qualiuns of t•lc•ctronh corr• •spc•udiug ro rach rqJ;io u. For thf' 

a<-rl'LJ·ralion rt'gitliJ. ll'l' ha1·,. 

iJ.\',(- .1) _..!!_[( .• 1 __ 1_ ) \' ( I)] ~(· _. )- .Y,(/ .1) 
)t - ''· J, 1 I I .• ., • + q, ' Ill I . 

I u -• ~u 
( il.G) 

11.2. AFPLJC'.-\TJO.\ ' TO THE Tl.\IE-DEP£.\'D£.\'T .\IODEL I!JI 

emission shock 
blob front 

.. ,,:::::r:.:·.::i:i~ 

observer 

Fip;tU'(• 11.1: SdJeJllalic view ur th•· IIIO<id '"''·pkd iu tLis t]w,is. Tlw ,.J,···truJIS ill <' >J<'('<'il'rat.od 

onJy i11 tlJ e sltoek's vicinity aud eseapP H.l a cvusta.ut ntk. AU ol' llwut aLL' iujpdr•d iut.o IIH· 

t•uLissiou blob .. v!wrp- HH'.Y n1.di<.th~. 

and for the emisbiOn rt'l',inn. 

D.\',(·1, 1) iJ[ . . . • ] (l (·, .t)-.\', (;. 11 _ 
--[)-

1
- = [)" h,you·+~ssc)-\ ,(-,.1) · t 

I It~~( 
(11.1) 

when• .\', illld .\'" iR the lltiiJJber riPusily of p]c·drous prr uuit eut•rp;y (~<'<'. li 3.6) , Th 'llllix 

-5 indicates the quantilic•s iuth<• ar<·<'leralion r('gion. wlril<· ollrt•r, ar<' theN' ir1 tin· t•lfliltiul\ 

region. For simpliril _v. II"<• appro.x.irnalt· .J. as~ l'onsla.nt ,-alt~t•. Pur ;u·<·<'l<'rfll ion rP)!,i<lll. 

1w AS. ume low en erg~· ekdrnu arc• injPct ed only nl "1u (~ 1). aud p;radualh· <JC<·t•l• •rai<·d 

to higcr ('lfcrgies in a tinw scalr characleriz<·d hr t.,.,_,. The m;Lximuw •·uNp;-'· to wlridt 

th · e l ectron~ cau b<' accelerated is dctcnni1wd by thr bahuwr of c·o<Jlinl\ and iHT<'r<Jial inn 

C'flic irncy: .•Js{~1 a.x = "'tumx./ l arc-.~· 

11.2.2 Connection between Acceleration R egion and E miss ion 

Region 

The kinetic eq11atiou for thC' ~hock rC'giou ( ll.G ) c·;, n b<' soh-f'd ~n;dylically. if II'<' asslllll<' 

.J, and Ia«.• has uo dc•pPHdrnl'~ on l>nerg_, .. This rorr<'~j)(>Bds to lit•· r-a.'il' of E. = () for 

~q11ation (3.16). The ~oint iou i~ ('Xj)l'<'. srd as ('><'<'. ~ 3.1 .:i or 1\irk. Hii•gN. &: \ last idti>tdLs 

1998) 

(11.8) 

l - I _,,,,/<~-(!-~)-'"''"""' .~ - (j-; acr.:-. fu .. · ( I J.!J) 
I max 

(J l.H)) 
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1 I l J I -l ·,(1) = (-+ 1- --- c•:x.p(-1 lace .• )) , 
~ uiint -:o ""',n1ax 

( 1 1.11 ) 

.\ ,.,a n•;,uli , tllf· ~ pc·c · tnlln of accr-Jcrali·d c•le!'lrous is wl'll approximal 'd IJ,~· a JXIIYCr i<lw 

up to" rnl orr rtl tlw PllC'rK\' at whiciJ radiatin• los.c·s balance l'IWrgy {!,clinw 

( 11.12) 

. \ s'n""' litH I 1 hc · .. J .. ct ro11 injc·ct iou funrt ion (.!(-, I) fur t !lC' rmi~hiou region i.· ehara". 

t t•ri7t•cl by a JHI\\'r•r law in I he smne enc·rg:.· rallf\l' ( • o < •. < ·max), 

(11.13) 

'i11c·c the t• lc·elroll~ ('s('a]J<' frolll thf' al'celenttion n ·gion i11 a time scale fcsc.s• a 11d arr 

illjc,r·tNI iiJto the• <'nlilliug n•girnt. we· havf' r!'latioll5 ,,·hich con nect the quautitics in these 

I\\'CJ n~p,ict Jt s , 

f nc~.s 
1Jt-::::!'ls-- · 

I C?".!iC.S 

,CJ ~ l + ' '-ICT,S ' 

1,-...e.s 

11.2.3 N umerical Approach 

(ll.l:i) 

(lUG) 

In ordc•r lo fo ll ow IIH· tinw ('\·olutioll c.r· thr rndiation from the t•mission region."' han• 

to sul\'r a rlifl'rrc·HiiHI equatiou (11.7). Since II'(' do not ha\'C' annlyt icaJ solution for this 

c•cptalion. dnr to tlw high nnn-litwnrily of th<' pror·c·'" in ,·oh·NJ. "'" ha"e to soln• the· 

e•qJia(iCJHllllllH'rindJ\·. 

'onsiclc-r a 1\'l'll-dPfinrcl c·l<'r lron populntion in tiH' c·mi. sion region . tl tan\\lcrizl·d IJ~· 

.\',( I -1}. Gi\'C'll 1 hr elr't trcne populatio11 . the synchrotron emissinu inrluding lilt" &df­

ahoorpt ion l'i\11 bl• calculated usi11g lilf' Hpherical solution for the radiati,·e trans(Pr PCJUe~tion 

( 11 .2) . The· inn·r~c· Cotnpton rmi~sion illf·orporatinp. the· ell'ects of cross section reduc-tion 

iu I hc· J ~l"in-\li~hiua n•r,imt• i~ c·;1lc-11latcd h,,. equal io11 ( 11. J ). 

The• rip,ht -ha11d ~ide· of till' <'quntioll (11.7) is llll\\' dr ·~c- rilwcl h_,. th€' qun11litie~ nt tim•• 

I. and 'oh·o·d nuutl'l·ir-ally lo obtain the ril'clron pop11lation at tinH' t+.:'>.l. \\'r ildopl!'d an 

iinplic-it cliiJ'con•nc·c· ~dll'IIH' h_,· Chang k 'oopl'r ( 1070) , 1\-il h . nnw ruoclilicatiorl~ for our 

pnrposP~. sinc·c:- \\!'nrc· do •aling \\'ith a kinrlic- c·qualion IVith irtjrction/t•sc:npt' IPnllb '"'II 
no dill\t~irnJ IP!tll . Thi>- ~odlt'llll' is f.uit;lblc• f••r fimlinl', non-nc·g;1 ti\'(• nud parti(']f' munlwr 

c·on~c· n·ing i-olut ion &. DPlails of t.h · tc·dUJiquc•s iu calrulatiou. ;ue gi n~u in Appr·ndix .1 . 

. ' .. ·'-
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11.2 .4 Light Travel Time Effects 

In <ml•·r lo inc-orporate' tit(• ligltl - lrm·f'l titne df~c-1~ JH'ClpNly ill the• .-akulntion. 1\'c' c]j,·idc 

lhr· smu·ce i.nto (21 m/ .:-:,1 ) >lic·r•s uf .:'>.R thi('kllt''' fnr c·;wh. \\ hc •n· 1,,. (= fl /<) is I he· ;,olll'l' t ' 

light- rossiug tiitw and .:'>I is <1 tiiJI(LSl t•p of tltP r·alc-ulntic•n. Thr• intc•n 'al .:'>./ u1n'l lot· 

shortPr lltan tile ~ilol'lest r(']C•\'11111 1i111c scalt•. ' '·1\-- rGdiati\'l' ,·ouling lint<'. or <HTP ie •rcotio11 

time scale. \\ ' ddiiJC' .:-:,R = c·.:'ll. Tlt(• sc-l t !.'llt~fic ,-irll' of this di,·i,,i,ou nf 11 ... c· tni,.,,i011 

hluh into &Jin•s is gi,·r·n in Figurl' 11.:2. 

K' K 

Figun' 1 1.2: The !-'t:llf'mH.tic vit•w of tht1 divi:-;ion uf Uu,l t 'lui:-.~iou bluh iuh) ·slin·s·. Ldl ParH•l: 

Sour!'e fnunc· (1\1
). Ril(ht Pmwl: ()(,serVt·r·s frwu~ (1(}. Ttw ••utis.,iuJJ bioi> i• fir$1 l'HI. iuln slit '<'S 

ill tl.t • sotuTe [nuuu auc l t'ntdri iJutiollH li·ouJ f•adJ ~dJ·•Jl r1.n~ suHuued. l11 t •. lw ubi'H' l"V 't'·s fn.Ull('. t.Le 

radiatiuu is co un~u lra.t. •d ju a uarrow t:uue wit b a lHdf aup;lf.· (J ~ 1 jl'". 

·\\'!'firs t consider lhC' slic ·s iu the sou rer fnmJ<• 11·'. ll'illt liu<' of ~ i g lot pl ti<·c·d ;1[ 90" 

will! resprc:t to the ~urf~(·C of tit (' slices. 111 thP ob. ern·r·~ fnt~u !' /\ . c•rnis~iou will !,<' 

c·ouc·cntral!"d in the l'orwarcl clirt•dion II' it hiu a narnm· c·nuc' nl' half aup;k 1/f (~ 3). if t ill' 

hlob 1110\'C'- \\'ilh a Lor<"ut7 !'actor r (~ h for llllr ('il~ t ·). \'olttnl(' ,,r c·nc-h s!i('(' i~ ('X J)I'f%(>(] 

a8 

.:'>.I '( k) = r.( R- k)( R + /, ).:'>.R, ( ll.ll ) 

where k is the d.i~ tauc!' of lltC' slicf' frnm lh<' c·l'utcr of tlu• !'>plwrr· . Tlllt& the ·,n•ight' 

l'uul'lion normali7 clio the "plwrical ,·olulllC' I j, =~r.R"/·3 is 

3(R - k)(fl + k).:'>.R 
11' ( /.-) = ~R" . (11.18) 

Thi" l'luH·tion i:; ill11slrHlPd in Fi~urP ll.3. Tlw e,bse• n 'N will !-.N', " ' am· gi,•c•u tinll'. 

photom. vrocluced iu difl't·n·ul paris of th(• ~omc· ·. harill'krin•cl IJ_,. 'Ill Plc•d ron di.'l rilml iou 
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••.---~-------~---, 

... 

... 
·~~.---~--~~--~--~ 

a ( Ia u.nll ol R/c) 

Fignr!' 11 .3: Wei(;ht l'un<"iliuu o l' ·sli ,·es lor spherical geotuNry. Au int.e(;mtio.u of w{.r) l'n>>u 0 

to 21?/r· is uor11Uized i.o l. 

of 11 dill'erf'lll 11):!,0 . Thiio is f'X.Jm'sst>cl ns 

L """1(t ) = L(l ) x 11·( 11 ) + L(t - ..C,.t ) x u•( R - d/ ) ..... + L(t - 2R/c) x tt•( R ). (11.10) 

whNf' [(! ) is the· total hllnino,ity •mitt ed from t!H' blob at timt> t <Uicl L 11 ,00 (1) is t!tr 

ob.>nTt tf lumiuosity at timr /. Thus the obscn ·NI spcclril is a sum of diff'c-n•nt spectra. 

<'Htil t!'d front dill'er('llt , ti<·c·, at di(i'(•renl tiuH'S. 

11.3 A ccelerat ion of Electrons 

11.3.1 Electron Injection a t 1 0 

\\ 'p disc·u ~s I he• I illt<' l'n tlurinll of elcetrou ~ fl N'i l'lllll in the ;l.('ceJt•ral ion region. based 011 

tlw cliscns,ion iu tltP pn·1·i 11s. cetion. T lu· aual1·tie solution ( 11.8) pr ·dicts a''"'"' suarp 

1'111 -oll' iu the• <'i<'clmn distrib11tiun M -, = ~ 1 {1), wlti.-!1 is rdl<'t lerl to the sha rp cut-olf 

i11 lht• S)'JJdtrutnnt sprclrltm. Homtl'!'r. ohsl'l'l'e I pbutnn . pt•c tra of blaza rs show l'r'r,l' 

smooth <'llt 'l':tlllr< ' Pl'<'ll in thP X-ray bnnd (P.g .. ~D). This indicatE'S that , inr<'ality thr 

hw~d rut oft' in I he· t·lc•dron 'I''' ·tmm. Such a smooth Cllt -Pfl' 111ight b(' t~xp l aiJlcd if \Ye 

i>wuq oral<• nton• n·alist ir p,POllH'rry aud/or inhumog<'tlf'OH~lli'S~ of lhc• ~oun·e. To tlliwir 

tl11 · "'"'·n ·ationnl plto(Plt spect ra 11·ir lt ·broad' cut-off, II'<' a pproxintnl(' tLc >olutir>ll ( ll. ) 

in a si utplc•r t'onu wi 1lt ail •·xpollf'H( i;'ll cttt-oil' at =I t (I). \\'(' thu. ohtai 11 the approxin~t~l r 

t'XJll'L'ssiolls !'or r·qnaliuns ( ll. ') ( ll.ll ), holding tltr' r!'!atinns (l l.l-1 ) ( ll.lG). 

(11.201 

... -
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l I I 
/ t(l) = (-.- + [:-- -. -]rxp( -1/1.,, ,,)) 1 

ma.x , tl rnn' 
ill.2 1) 

(I 1.2:.!\ 

lu Figur(' 11.·1, "'' show !Itt• linH' e1·olution of .\~(~. / ) alI= II. 1,.,,., -ll .. _, .. /.,,<and II 

l .cc - \\ 'e assume hc•r l acc.s = 101 fo<'~. ' ""-' = 2.:i I na., anrl '"'"' = Ill''. For I ill}(' I ~ l,,n·· 

ill <' elect roll population do,·s nvt dtung<• lwra u~P "n(l) ~ ·, ,.,.,.. \\ 'c• .ti,·id<•d .\',(". ) In­

the l'scape till"' ' •"-' tool rain tltt• illj(·rtion function Q(·) fot IIH' t·tnillillg l'PI'iun at ll11· 

steady stat(• (iwt· . ~i 11.2.2). 

:B 10- Q 

'!; 

f to- t2 

j .\ 

~ 
to- t5 \\ ·. 

ll 
,;; \ 

10- to \ 

10. 10. 

Figure 11 A: Evolut iu11 of t lw ()It'd rou di:striUutiou wUkli an• c:nu:-;taut l.v ~U'("f• l<-• rat: (;ld a.l t al t\ 

Uacc )-1 . Mo!HJ-f'U<'I'gd ir C' led n111 :-5 { 1' = 1'0 ~ 1) i:Lrt' a .. 'iS lllll f'U t.o I.H • iujpc· ~t>d int.u l L(• a,·<·f'l(·ra.t i1111 

region. 

11.3 .2 E volution of Electron Distribution after Stopping tb In­

jection 

.·\Sb11111<' that the ·fresh' ckrtrou~ me· inj('(·tc·cl ouly for 0 < I < toni· illld injc•r rion slop~ 

after that (I > l ;,i ). Thi~ may lw om· of llw 5impl<'" l 111odels of llan ·s in blnz;u-,;. Froltt 

thE" gcnl'ral oo lu ti<m of kitwlic ('quat ion (3.:i!)) wit h Q(- . I ) = IJ . Oil <' Jitub 

( 11.23 ) 

wlterl' 

(l J.Z-J I 
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.Y ·" is fill' .-J,·cfnllo populatiOJt at f = l inj · 

\rol t' t!t at tlw t•lerlmll pop11laticm .\',,11 ( [,·) lw~ ""'. •·nprgy cut-ott" at J,· =Ill· and high­

•·twrg,\· r·n 1 oil'"' !\ = 11 (1;,; ). Proto Nptatirllt ( 11.2-J ). 1\·r· ran ralc-H iale t hr· ~hifl or I hose 

c·ut -oil'~ in t iuw. 
··' (t )- [1 (J i f /,.« .. •- ,J,·t()l]- 1 

/ () . - <tC'C ,Il ::o + .... ,, (~ ) ' 
,()L!Xj> ~~~ ~~ ... 

·'( f )= [1. (,J + 1/'•«·.,- i,·"(l;,j))] - 1 
1 •>«-· ' ~ l (l;,j)<'XP(~) 

(I > t ;,j). 

(11.:2") 

(li2G) 

Til(' t•l<·rlroll pupulaticllt at liBw I(> 1;.,;) is 1n•ll approximated by a simp!P l'nnnion 

ln.ec = 1.0e5 • ec 

' ~o 
'-cc 

~ 

Time evoluUon or elec: lroru, 
(lhe injecUon hi slopped) 

-... __ 

~~ 
........................... \ 

7 

(11.27) 

l"igm{' I J .• ): Evo lu l iou of th<' ci<>d.rt >t t dis t.rilmt.io u af't.<•r I hl' inj<'dion It as bccu st.tJ] J>l'd . Ju litis 

pa11 ic11\;~ r n\~1'. t lw tlt llnhcr of decl..rous rt.•duc<'!:> siKIJifkt_tnt.ly at. low t'ucrgy. whilP !Jig]J~.;~$ 1 f!U£'rgy 

<•\Pl' lt'(Jil:-1: still lu' tUTt11Pn.tled ()'J(fi11 i) < 1'111ax ). 

111 Fi!!,ltrf' il .;J. WI' show an example of time 1'\·olution or electrons aft r t il{' inject ion 

is s top]H•d . \\ 'p ~<' I f , ... 0., = 10; ~N·. l tnj = ] 01 acr.s · ,}, = 10- to <U'td / 11 = l. Oue ti nds I hal 

!lte maximum l'.ll<'l'i\.' ' uf <'IC'el rons iunPases r,·r11 after Llw slop of thP injt>dimt. ht>ca n,c• iu 

thi~> parlituh•r •·aot'. !d l;,i) < ' "'"x· .·\ l;,o not<· tlwt till' el •c tron munl ·r dl.'nsity clt•c·n•(l.""' 

'i)!.n ific·;utl ly fro111 luw c•nt'l"f\). 1 o It i)l,hl'r l'll('l"l{l·. 

11.4 Examples [I] - Steady State Emission 

To ,·,·riJ\ t!Je SSC' cude dc•\·l'!opr·d in I his I ht·~ i:, . In' sit (Ill" <'X<I mplefi of t lw ralculat i011. 

Fur1hc•r dc•t aikd lllt)(ldillg \\·ill h<' s!towu i11 thc• lnst pnrt of this chapiN. ll"il h appliCtllinu 

11.4. ES.-\.\fPL£5 {I} STEADY TIT£ C.\1/ 510.\ 

to tlH· obsernltional data . 

11.4.1 SSC Spectrum and Higher Order omptonjzatjon 

fu OrdPr l(l fill!()w t lo c• t illW l'\'(l!!ltion of lit!' SS(' sprt·irnllt , \\C ' M:1rf frn ll! t it<•;.l ead,\' Hfa lt ' 

soln t iou of I Ill" S~·nc:hro l 1·on sc• lf-Compton ( . '(') 11tndl'i . 

ln Fi ··urr ll.G, \\'(' t'OIItputr a sse Sfll'Clrulll n~in g, our llllltl\'ric·a!cnd•·. ll'itlt tit,• ~illlh' 

parameter SPt or Fignn· 3rt in 13an I i>: Griltcllm· ( I!) -i). In tlw raknlation. lllf• r lc•t·tron 

population ha~ a po"·cr !;n,. funl! .\', (",) = 4 x I O" • ·1, i11 a r''"W' 1 < ' < 10". .'ourr·<· 

radius is R = 2 x 101 1 cu.t. Our 1'1'~1111 <11\l"<'('s perfec t h· wi1 It t ht•ir r<'sull. \ \'t• also calntlate 

the s~coud orc!C'r Con•plouizatioll ~pr,·t rum for cnmpari&ou. n~iug I lw sanw fimnnla (3. lO ). 

In the c:1lculation. i h(' iJtc idrnl photon dt•n•ity is 11011' thr· pltot"ns fro111 1 ltl' first onll'r 

inH' rse Compton ~callrri n g. :'\ot<'. l•oweYrr. t!tnt 1 hc~t' C'omponin•d spPrl n1 Ita\'<' sligh t lv 

different s lopes than thObe i11 D;~nd !,:; Grind!;n· (HJS.! ), I'SIWC'i;llly in thC' lnwPsl C'lll'rgY 

band (:::; I O" H7.) . T hiR i ~ b('Ci1t1S(' \\'(' have uq;leclPd thr· sd l~ ahsorp liO II or Colt tptoni!l'd 

speclrwn for simpli r.il.v. Strir1l.v &lwakiug. s<•lf-C'omptnn phnlt>ns llf(' ab0 ailsurlwcl hv 

the· clcct rolts, although t !ti, e f~·c-1 i ll<'l!,li>ih ll ~· . n1all bt·c·auS<· the C'o111pton flux is untdl 

lower than lite s~·nchrolroa fl11 x in thih eneq.~-'· hand. 

to24 

1020 
N 

"' ..... 
.:!. 

tote ! 
~ .. 

totz 0 

108 

10. 
109 

.· 

to t 2 

All parameters ore aame as 
Band & Grindley ( 1985 : Pig.5a) 

N(7) d7 • 4xto• 7~ d7 
(1 < 7 < 10°) 

R • 2 x:l0 14 em. 

tots totB to2t 
log Frequency (Hz) 

Figmc l l .G: Au <'Xtuupfeofoyucluol.rnn s<"lf~Cou cplilll oj.><·dnnll ealntlawd with "'"' "'""''tkal 

rode. J\ll pa.raJuden; art-' l'U.Ulf·' a.'-i Fjgttrn ijtl ill n twd & Gl'i.ucllay {J08G). w .. :.uiSilliH' puwl•r 

law cledrou d is~ribttliull "f N, (')') rl-y = ·l " JIJr.-y-"rl-r li11· I <1 < tO" i11 "splwt inti H<>ll!TI' of R = 

2>< l0 11 nu. 
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11.4.2 Effect of the Changes in Parameters 

In ordPr to st n•h· tllf' ,.~ ,-iPty of spPc-l ral hPIHI\ious ol"<' IT!'d frolJI Tc\· hla za rs. it i. 

iinporlnnt to ill\"<'. tigalo• how ilu· physica l quaulitil'>- in th<' r·mi~s ion r~gion or pMamt-tcrs 

for tit<• injrct P< l 1'!<-r·lrou SjlP("fl"l llll dred. tltc phutou "flcclrum. To highlight the crr~rt~ 

,.,,ll f'!'d by IIH' diilllgo·~ of indi\'iclnal paramrll'rs, 11·0 Ita\"<' ('hang(•cl only one parametc·r 

11·ith c th<'r pitnttll<'tcrs fix••tl. As a IJo s li11r of !he spc.-Jra l e11e.rgY distribntiou. 1\"!! ehoo r· 

lll al\n<' li<· li..Jd D = O.l G. r<'giou "izc R = l.O x 10 11' rm. hl•aming fa ·t<Jr b = 10. and the· 

n·dslufl z = 0.1, ll"hil'h AI'<' snggf'sl ·d frnm I hr ohscrvatiou (e.g .. 3 10). \\'p adopt a sp<'!'itk 

foJtll for th(• !'lc·•·tnm dihlribution from ·,min to ''""'' .\'('])= .Yo/-·' cxp(-1(/.,,._,). when• 

"ntin ilucl '"'"-' is lit <' IlliuitlltluJ j maxiJIIUllt Lorf'nU. factor of rkdrons, r<'spcclin•l.'·. \\"e 

dtoo"" lnoin = I,··"""= ltJ·\ .\'0 = 100.0 (/<"nt") aud -~ = 2 as a base lint'. 

Fignr<• ll. I( <1) show~ I hr chang s iu sse spectrum by ,-,u_viug thP magnPt ic field [] 

frotn 0.01 C: lo 1.0 G. i11C<' tltr s~·11dwrtrou r-mi>->-inn from a ingk c·kctron is proportio11al 

to D" (q;., t·qtt<\lion (:3.3,l)). tlux becom<:'. higher 1\"lt ('ll [J inneaSC'R, "·bile lbP mlio of 

~)' H <'lir«t ron and 'otnplou rompull!'nts lues not l"<liY. Also not" lh<\t ll •t pc•nk l"n•qm•nr1· 

or S.\" ll(·lt rotwu ("Ul11]10Jll'l1l illcr!"ases a; 'X D (src, cqunt ion (3.32)) . 

Fi~urP 11.7(h) is I ht· dtJIIge L"(111H(•d by lh!' regioll . izt' n. TbC' fhtx inrrca~r~ a. '< 

R". IH •<·Htts<' llw total numb<'r of ei<•ctrons is proportio11al to tlte Yolume of lite tJnibsiou 

rq~ion . 

Figun· ll .l (c) is Jlte ("(lSI' or thi• change in hc<Uuing factor~ from 10 to 50. Till' chang,c 

iu till' flux iu i\ tll<lltlll'r ·"< 1> 1 aud the blue ~hift of lltf' frr-qllt'll ·y oc h :u·(· d cnTI-'· S<'Clt (sc·e, 

r•qllntinn (:3.11 ) nud (3.11) ) 

Fill,UI'< ' U .l (d ) ~ !t ows tlw dtangrs iu liJc rcdshifl ~ or lltl' SOUJT(' from (l.(Jl to 1.0. 

J1 cc:111~r· of tltt• r/1. 1 d<'p ndc•IJ("(' of thE' Jinx. where• dL is the> disl<IIICe fTOnl the Sfl\11'(" (> . I ill' 

Uux dtang•·~ rongh l_,. i11 a lllilllll<·r '"'- : - 2 if lll(' soure-r rcdsltift i~ cltangcd (1·a lid for ; :S 

1). 

Fi~urr l.l .l(r) i ~ lltr chan1~<'S dae lo tlH' normaliza tion of electrons .'\·0 ami t!Je flux 

dtaugc·~ juhl ns ·'<. .Yu. 

Figure· J J.l(r) s hu\\·~ tht• tltangt'S in the maximum electron LorC'nlz factor ':ma.x frolll 

10 1 to Ill". Tl~t· ~ynchrntmn J)<'ak ~hills as -, ~ .. , (&er·. equation (3 .32 )), while the &hift 

of thl' ·outpton JH'ak 111 • 11,., = JO" is rather ~1nall. This is h c·ause the sr·atl <> rin !l, l<tkl's 

plnn· in ill(' h]ein ::\i~hin!l n·gi uw (bt·<·. !i 3.1.2 ). 

Fi!l,\ll"l' ll .l(ll,) is lhl' dli\llf!,l' <ill<' to th<' lllillillllllll l'l<·ctrou Lorentz factor lnoin · This 

dtws not al ro ·rl tiH' photon RJW<"I n11n 1·cry H\lldt if I < '"'in < 100. "·hi I<• makrs sltarp 

cul·f•lr in low <'ll<'IP.Y ph\lton >-Jll'nrlllll if ·,,.i .. > 100. 

Final !I-. Fi!!,llr<' ll .l t h ) , hmrs tltl' chauw·s in thl' ~p<·<·tral iud rx or elt'c trons s li·ont Li 

... --
11 .J. E.\.J.:. JPL ES {If TE.~O , . T.\TE E.\1/S. f().\' 20.) 

lO 2 . .J. This is n•f:lec((od to the photon Sjll'C tral iud,•x /1 a~ , , (' li/"2 (c•.p, .. n,·hi.-ki ,1:; 

Lip,htmau . lDID ). Inti th • sprctral ~h'tJll' is not dt;lll~<·d for I hi' lml · <'ll<'rP,.\' photons for 

whirh f>eH-:d>:soptiou is dominnul. 
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Fi~nn• I L7: Syw.: lwrttoli ~<.'if-C'utl1pfon t'p t~dra fnr val'iuu~ parautPftotr dHwgr·:-;: (a) lllil!{ll('fic 

lidd JJ. (h) n·~iou si•<' /1. (t-) '" '' ""ill}.( f"m·t or 1> . (d ) n •d"hift z . (to) d o•t:lwn uon ua liz;d iuu No. 

(f') L'i<·r t nm l tla.xiutlltrl Lon•nt.z fadnr (1u~x · (g) t•kct rllu uliuiulmll Lorcutz fad.or (min · a:nfl tid 

c•lt•dntu spcrlral iud{'x &. 
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11.5 Examples [II] - Time Evolution 

11.5.1 Synch1·otron Cooling Model 

\\'e COtl1 ]X1J'f' t}H' I illlC' l'I'O]ntion or th • !'iedn>IJ Slll'C'I l'tllll <l<'l' iYt'c\ l'rt>lll t>Hr ' Otk with liw 

<Uta lytic- ;olu lion~ g ii-Pll hr J\~rc\abht• l· ( 1962) rmd ~ l a kino ( lDDS) ror Yt ·rifindiull . ln l i t<· 

calrnl:ltion. 11'1' HShlll11t' l hnt <' liT I ronR ltN' tlwir r-nNgy ouly h.1· ».l'll<'hrnt wn ril!lint iPn . hut 

nol hy t h e i!l1·crsc C'ullt]X>II proct'>S. \\'r· nllio as~um<' d Pt· l rou nutnl>< ·r is t·ons<•n'l'< i. hlldt 

that t lw iujcd ion rMf' Q(/) = 0 ancl lhc IO'scape ralt• .Y('l )/ le,.· = 0. In this >-i mpl<'-'1 t·n·'''· 
the kinetic t"quation is g in 'n hy 

D.Y, h I) __ .!}__[- ~ . _ ] 
Dt - . I U/ I .\, ( . I ) . ( 11.2 ' ) 

1rh!'rc' .4 is n c-on~taul 

( 11 .2!)) 

, .. 
... 

··.~ :B z · ... ••• 
f to- 2 __ , _ 

0. 
c -- L - l.Oe~ a e ·········- l • 2.0e5 • 
ii 10- · ------ l .. -4- .0 e!:i . 

\ \ Ol 
Electron l.adex : • - 2.0 

10- 6 D - 0.2 iiiUU 

to-s : i , .. ... • •• toe 

FigJLre 11 .8: Tiuw t~volnt i ou of Ill • •l{·l·tn)u ~p '(: lnuu by t!tc ~YJKIIrotrou eoHiiug pn~<·~.ss. Wr· 

'"'Sittn<' pow<'l' law clf'<'lrou rli~tributiou vf N, I')')= Nil')'-~ 0<')'<10"). Tltt• n ta)lliPt k liPld j, 0 .2 

G aud iuvers~ · Cowpttn1 lossPs art> uot t.akt•JI itilo a(·t·omil. Eled.rou !{J.H'f'll'a wil !J :; l1 arp edgt~s 

!'<'present aualyt.in d ~olu Lit>liS givt' ll by Karda,; lH'V (laG2). wltil<· •• tlll•l'S (dull ••rl)le) arP r,.,,.ll tiH' 

llllttiCrj cal cakula.tiuu . 

F'or the iJlitia l rond ition nf :\ ('),0) = .\"01-' HI tituc I 

~<[ll al ion ( l l.2 ) ib gil'!'ll b_,. 

0, tltt' HJI<li,l'l i<' sol nl ion of 

( 11.30 ) 
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;utd .Y,(-.1) = () oih<'rwi~<· (<'.1', .. 1\:anlai>ht>\' IDG2). In Fignn• 11.8. 1\·e show th!' ti111c• 

1'\"c•inl i<•ll of r-lr·t·trun <·Hc·rp;_l· spC't·tn tttt for· ·' = 2 awl [] = 0.2 G caknlat I front our 

uunwnt·fli c·odP flw rr•,ulir, ol,laill('(i from analyti('ni solu tion. Hr<' abo gi1·t·n ~bllwn 

in tilt· figur<• . . \Ill<' lltnl for >~II-. ~nalytie ~oiulion ~ltO\\'fi <l sharp cnl -off at..,,== 1/.-lt. 

\'nnwrie;r lntlrul id ion al~o ,Ito\1'1> cut-oft' ;lt ..,, = I f.-11' . hul rnt h<'r smooth I h;uJ tht· analytie 

~c,lt ttinn . 

11.5 .2 T ime Evolut ion of t h e SSC p ectrwn and Light C urve 

()urt· 1\'t• lt~n · ~ nunt rrit·nl eude that t·ompul 'fi I imP r1·olul ion of tit<" spectru111. ,,.,.can 

~itnnlatc- 'I"'''' ntl<·\·o]nl inu during a flare ob. l't'n•d J'roltl Te\' I lazi'\ rs .. ·H thl' sam I ittt~. 

".,. t•x t r11!'l lip, itt t'lltTrs by taking tht· light tn\\·ei I itnr c·fl'l'cts into acco11nt. 

It i' l'(·ry in I <'I('SI ing to ktto\\' lite rr~pons · to the llar<•- lik<· inj ·t· t ion uf eire! ron' in tlrr 

t•ntissioJl rr•p,iun. \ \'r r·onc·c•nt ra.te on a spcci lie case dcfi urd <L5 fnllcm·s. Fi rsl. no <-il'ctron 

pupulntiun c·xi~<ts nt tittw t == 0. i.t' . . \',("'(, 0) == 0. Tltr mont•-cucrgC>tic ~kctrous h == ') ; .. ) 

nrc inj('cled for 0 < I < R fc illld injection goes back lo zero al't<:>r Rfc. For sitttpijcilr. 

\\'f' nnt~idc·r ttl'ilit<·r c·srapc· north~ act l ·rat ion of t'it'rtrous. In l itis eaBt', lit E' <'ktlrott 

popttlatinu itt.i<·cted into the Pmission r<:'gimt i~ cxpres~ed by the cklla-func!iou. Q( /) = 

Q11~ (--..,; .. ). ll'il<'H' (J 11 is~ cotL ·tant. H<•n• \\'(' dtoo~c· '"' = 10;. The physic-al quantilil'~ 

itt I ltt' emi,;siott n• •iou are nssumcd to be: [] = 0.1 ;_ 17 == l.O xltlt 6 cnr. ' = 10 and : = 
0.1. 

••• 

~ to- • 

i 10- e 

1 10-12 

] 
~ .. to- le 

10-20 , .. 

0.0 1 Tcrs 
0.5 Ten 
1.0 T~:r1 
2 .0 'l'cr1 ... _:;::::;rl 
,.: ... ...-:./ ..... / : ......... I 

: / / I 
I / • I 

'I 
1!1 

102 103 ••• 10 • 
Lorentz tacl or : y 

10. 

Fi '\Ire l 1.0: 'fliP xpl•<·t.ral t·v~,Jtn . iou (\.f' l'lf·'<.:trous nl. dilft•n•ul t.iuu·s. 'vV<-• a.ssnutP LIJ,_. uJoJJO· 

ltiJt•rw•t ic: Plf't'lrous (1tn = Ul .'l r1r1• illjt'('t(-'(1 011ly l~n· 0< 1< R /l' (= Inc; ). TlH.' clt•ctron SJ>PCI ra a.t 

I= 0 , O.Gtc~· fo:r~· '21 c:r,.. ttnrl lOins ar~~ $howu n):-;twctivdy. 
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Figure 11.10: Light. Clll'VPS ol' tlw flux at difl'r-n•ut. l'Iwrgy l>auds f'n1111 ll .IJIJI k••V I<J l.fl k••V. iu 

obs<'rver·s [ra.tue. Tl!c uppPr paw•l (a) :-hows tlte ea.'it' of igm11iug ihf• Jj p;JJt lnLvt• l tiuw dl'(_·d~. 

while tl te lower pa11el (b) t.aki11g illt<J tUTOtJJtf. 

Tlw tiuwe,·ointion ofei<"clrnns i~shown in Fig,ttn• JJ .D. F'cJrO < t < R/c. ar·tuntttlalint 1 

of fr<'slt electrons ;md Ute CHC'l'gy Ius.~ by s_y ndtrotrou radiation O('('ttr at lite sa ttte 1 itttr· . 

enhancing i ow-~nc•rg_y popnlatiou in the ntunl)('r rl<-n~ity diotrihnli•m of' <'kt"lrons. It hould 

lw noted that till' high eut•rg,v c·nd of dt-ctrou di.~lributiou rradws Ill\• <·qttili!Jriutu ~tal 

in H ,-ery short lime(:$ O.:i t .. ,.) iltHl dot·s not ,·ary f<11 tltt• re!.l of tlw iujl't·tinu tintc• .. \l'lc •r 

I> Rfc. total llttlltb r or drcli'(>JlS bi'('OIIl('S ('ons(altl. hul I itt• pc·ak of lite distrihntiou 

nt<>H.\ to lo,n·r <'ttt'rp,y. by tit<' rndiatiYe cooli11g. 

Fig1trc ll.lO ,iJOII'S thP cotTI''pondiug ligit l r<tt'I'('S of ' .nwhrottr•n fluxr·~> M Yariutt" 

CJH'rgy hands. The 11pprr panrl ~bows tllf' ligltt cnrn·~o wltc•u t lw li ~ht lpn·<·l I ittw <'ii'PI'l~> 

arr aol take1t iuto rwconnt. Sinre W<' as.,nm<> an iuslattl~tll·Ptt~ allll uniform inj<·c·tion 

thrr11tghout lh<' &ource, thP ri ~<' timt> of tlw fl11x is tlllldt sitort<·r tltnn 17/c. C'SIH'ci'Lill· at 

1 ~1;, . Tlw plnlf'ou- likt· 'lruclltr<· can he ~><'('II in tltr• ligltt curYe. <·~ pr·\·ially encrg_,. ai><>l'<' 

ll.l kf' \ · .. -\ lth ugh the ri l" tiurr variPs itt diflr'n·nf <'111'1'1-\,\' lmnds, t><•akiug time is rc>11ghil· 

~ R fc for all <'twrgy bands. Thr·loWt'r pmwl showh thP ligiH rttJ"I'P.<.. 11l1l'Jt the ]jg]Jt I raw•] 

.~ ~ -
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(b) 

1012 10 ts 
frequency 11 (Hz) 

Fig, llr<' ll.ll : l~volniit>IJ of 5yucl n·ot.rou sdi~Cmuplcm spc•d ra at. difft•n•nl Liua•s. Tlu· da5ltes 

;ned soliclli cw shuw l ite' pltol<lll spectra at. t = 0. 0.51n<· Ln;. 21n, ami 101m . Nulaliou of liw•· 

tw·c.· s a1w' as Figurt• lL.D. 

tilllt' l'il'01' lS nr•· prnpc•rl_,. t<Jkcu iuto arcount. Tn I his cas~. llw lighl e!lt'\'c at high c·nerg_r 

ila11d ( 1.0 kr\ · ) !Ins svrnrndr·iC' slJ>~pc and verT ~ iwilnr lo lh<• w~ip,ht. fnnc·tion u· (.r ), in 

F'igur1• II .:J. This ' ·''lllJilCI r_,. is hrokcn for I JWrr-c·ni'I')~Y light cnn·c·~. which han lon!\er 

dt•c·a)· litll<'s tl1n11 R/c. ln tl"·low-c•rwrg~· band. t ime· coustAnt lfn· tlw df'c;n· is donrirwlc-d 

I•-'· lht· ··oolin p, <'fl(•d . It , honld ill' noted that the 1wakiug tinw in Figurr 11.10(1>) i ~ ncrg,r 

dc•p<' lldt•u l. ~neh I hnl tll(' lmn•r c·m·rp,_,. JlL'<lk lag, l1f'himllltP hip,h rnrrg,_1· pra kli (s<'( ' ;llso. 

Chialwrl-\l' .k ;Jrist·llini lDDQ). 

Fi11ai!Y, 11·r· s lum the lilllC' I·'Yo1ution or both the synrhrolron sprdra and the sell~ 

Com pi nil s pt't' IJ a in Fil-\un· ll. L L Tltc UJlJ'C'r panel (a) &holl·l" t1H• t•volul i\111 ignoring light 

lr<ll'l'l ti 1ue l'il'e Is. wltil1' lire· lmn•r p<l lll'i {h) eouoidt>r. Rllluui lring bv the source liglrl ­

r-ro».~inl\ 1i11lt' scalt·. lt i~ d\'arl-'· ~<·('11 thai the mnlti-fn•qn<•tl<T s1wdr" .,·o!l·c·. morf' ~-olowl_,. 

if tit (' li l-\hl tn11·<'1 1iuw p(i'c·r·l i' tak n inro :H·t·otll!l . 

_.: ~-
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11.6 Comments on the Time-Dep ndcnt Model 

11.6 .1 Enussion from the Acceleration Hegion 

ln lhe j)J'e' ·iou, S<'(' lions, "''' IHl\'c ~on~idc•n·d twn ~p~t ial zouc•s 11 !rich an• r lnsl'iy coniH'c·t 1•d 

in spacC'. OnC' is arortud the &hock front. in 11·hich parli.-IL'> ill<' <'Oillilltll•ll~i.l· m:tTI<•ml< 'ti. 

and tlrP oi iH'r is tlw down~ln·am uf it in 11·hich r-lt•t·u·o'" I'IIJil nil"' uf til!' radi:11iou 

(sPc. Figurr 11.1 ). Tn our 1'\l!T\'nt mod!'ling. II'(' <·•msit\l•rnl tlw r~ <lialion ouh- from th f' 

I attN, ho11·c,·cr, Oil<' m~v ron~idN il i11apprnp1;ah•. br•rat1sc · I he· i!ITr•lt•rat ion n•v;ion also 

has lirt' map,11etic fi\' ld JJ, Iilii& can radiMe. lu tlr follow iul-\. we• 11ill roul-\hh· r'l imal<' 

lh<' synchrotron emission rron1 the acrclcrati.rrg r<'giou ( L ). as I'O IIIJ>:m•d to r1 1P radi:Hiou 

fi-orn t ill' Pmittiug r<>giou ( L,.). 

L(' f ·s deuotC' the arc!'lrralion n•giou size R, a11d ••ruil I iug rl'giou ~ izr /1. Ph_,·~ic·n lly . 

R, may corrc·spouds to lhP bouwl;uT diRU.tnr·t· where· iu~idt' of it . lht• part iclt· (•fr1' 1·l il'!·il· 

rl'turn to t·he shock front (bl'<', § 3.1.-l ). Escape I inw; J'ron1 bot It r<'ginu~ arr• rplitt·· llll<'t'rl<lill , 

110\H'\'C'r. onP ran C'Jll·isiou l li al those 1·:t!ues are order of n •girm sill' di1·idc•d by 1 l1<• light 

,·eJocilT (e.g .. eyuatiou (3.1-1)). \\.(' thrr• l""'e npproximall' r• • lntio11~ 

(11.:31 ) 

The ratio of both region . izcs is given 

(11.32) 

Siuce the maximum Lnrrntz factor ' """' is dC'Ierminr·tl by li11• hala iH'<' lll'lwr·c•u tlw at'C<'I­

r ration aml ooling around I he Hhock front (equation ( J '1.1 G)) . I he• rmt 'Ill' I il' fiPic I sl rCJII-\1 It 

ll, ran be \VTi tleu 

whcre C, i. ;, ronstant 
.J. (T·, 1 

s -3~sn· 

( 11.33) 

( 11.31) 

Frl>lll llr<' equation (11.12). the ratio of nnrulwr ci PI!si ll' of Pkr·trons iu hotl1 r •girJn~ is 

gil'<.'ll 

( 11.3-:J I 

wh<'rt' 11·e USP the rl'latiOIIS {11.12} and (l l.l..J }. 

Since tlw ~y 11drrotron huninosily i.> pr porticJIWI lo JJ 111'111. the· ratio of b.nlf'hroll<>ll 

lm11inosit i s in boll• rr·gion::. i.> cnlculatPd ll> lw 

L, JJ'! R~n . I~)'. 
Le ~ JJ1 R:Iu,. = JJ1C,~ 1n.x l • ,·r, 1,.,, 

( ll.3GJ 
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wlwn· '""usc· till' t·quatiou (11.3:2). (11.33) aur1 (11.3-:i). Frolll tile ecpwtiou (11.1.)), wr 

fitmlh· <>blaiu. 

(11.37] 

FCH· t'Xilntp iP. if 1J == O.l G.~'"'"'== tO'' . l .,r == 101
' ~. /""·' = 10' sand-' == :2. 1\'IJil'h nre 

lypiral fur hla1ars (r·.g .. Tabk HJ.3 ). (Ill<' finrl~ thai L./L,. ~ In -~. Tl1i" nlhll• is prohal 11y 

1lu• llJ>pr·r lillJil which cmTr~pmt<b to IJ.Jc eas ·of IJ, ~ IJ. :'\ol<' that for Jllon· Hhuner 

a("(·p]r·r~ iion liuJr• 1,,.,._, and slron11,rr nwgnNic lield IJ, this rntio h ·contes lllltdt stnallrr 

lh<tll 10 2
. \\"e ll11t~ rouclud<' that the rndiation frolll the atTt•lcralioJJ rcgiou is ll<'p;ligihl~ 

•·nn tpan·d io that in till' <'tlli%irm region. 

11.6 .2 Scope for Improve m ent 

\\'c• prnrt'l'ri UJt<l<' r the• 'lssunqttion that electrons arc injc:r·ted uu iforml .1· thrn1Jghout a 

hoJJJOg<·JJ('Oll.S t'JJli~siuu rq;\iou. Sucb" dc·~niption ma1·Iw ild<'quillr as loug <tS the iujr·dion 

tinJ<' ~<·~lie is louppr than R/c· (Df'l'nwr LD9 ). hnt is Jtnphysica l for &hmter limc-sr·nle' 

si JJI't ' tl!r partie·]<· iujc·cliou pmc<'SS itsdf should tnkr• (a t lrast) ~ fl/c to influrnce lhr 

wht>lP rf'gioJt. lu a JHe>r<• renlisti<.' picJurc, n lhiu bhock front may propagate through 

IIJ<' Plllis.'>ion region wil h <l fiuitP '" locily ! ', . suppl,l'ing freshly accelerated <'lc>ctrrn ts oul,r 

in thl' front's ,·icinil.l' (!.,:irk , flic-gt'r ,\.:: \Iastidtiadis 199 ). Howe1-cr. sueh a dl'taihl 

c<tkul;tlion ur·t·,·~~arih· i!ll't>il"l'b SL>IIlf' <tdditiou;ll. llllCNiain paramet rs. not to llJ<'Il<ion 

1 h<' n~su lll]Jl ion of a p~1· t icular p;eumetr.1·. Ins tend . II"(' will dHJose tllC' iujc·ction to lw 

unifrmn ~111rl inslanlanr·,,us m·cr the rmission I"C>iumc . . nch a choice. albeit \lnn•alistit'. 

will :1liu11· 11s to cl<trif',l- lht• rol l' of light tn11·e! timf' dfeds on hlaza r ,·ariahili t_,. ( IJC'ioll'. 

holl·c·l'<' r. we will al~o t'OnsidPr the duration of the injc .. tion to br ,-omparablc t·o R/c). 

ht our r·urrrul assuutption. synchrotron cooling prutP5S occnrs unil'onnJ,~· and im.Jan­

lanr·ously '"'l'r i ll!' r•JlJission rf'•inH hccausr {1) <'I drt>JtS ure illjcclc>cl unil'ormi)· o1· r the 

t'lllissio11 n•gi >ll and (2) the n1agudir· field strc>n •th ib nnil'ono tluoughout thP blob. For 

I h<' C'oliJ]ll 011 ~c·all !'J'i11g proc-ess, howcYcr, "~rh t'l<'ct ron bhnuld exp!'rit>llC<' the chang<·s 

i11 th" photon fit·ld ll'itiJ ~<> lll <' ·dela_,··. 11·hidt dt'1lf'nds on tllf' pobi tion in the ('lllis.sion 

i>luh. In utl)('r 11·ord~ . ihl' ~.1·udnolron photons re•qttiH• lhf' tillle ~ fl /r to fill up the blob 

'" h(' ~c·allt·n•d. This 11·i ll l'auw addit ional dt>lil~· for tlw rl'spollbf' of CoJnptoll phowu 

sp('rtnun . l lmi'PI'<'r. for 'fp\. l>luzar' tlcHlt in this thc~is . thc• ~.~·udm>tron cooling prcwr~'> 

IlliiSI hC' donlinlllll aml th ,.IJ't·c-1~ 1'0\ISC'd b1· C'ontpt n ('()<J!Ut,E!, jJI"(IC('bS i~ ~mall bcc;HISP 

(1) ihl' ~.I· JJehrutruu ltnninosity is !l,l'<'alPr or llf'arl .1· equal to t ltt• Comp ton ltunillOb.ily. all!l 

{2Ji ht• rPdJtrtiwt of lbt• cross ~e·t·tir>Jl iu thr 1\kiu-~i.· bina rrgitnc· 11·ill si•nitiC11llth· nf­

frd the• Cnmpton s1'11ll<' ring l'fHeit•tlf'.l'. For lltl'~t' rensmts. we approximat<' ht'r<' t!Jal tlu• 
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S,l" lldtrotrou radiatiou (i.l'., thr ~on plwtousfor lh<' iJII't•rst• C'tllllJllou 5<'all<'riu~) iusta 11 t"­
ut·ousl)· filL" t bt· II' hole· of ill!' {'lllission J"•'Rion, jm,t to n•dul't' tilt• c-olllpulat ioHal t imt• (S<'<' 

also C'hinl>erg<' ,\; GhbC'llini l!l9!J). 

11.7 Application to the Observational Data 

11.7.1 Stea d y State E mission 

ln ~ I 0.6.1. w sm·c·csbfull_,· con~tra.inecl thr alloll'<'rl n•ginn' fnr p]J~·~ir·Al qtt>'IJJI it j,.~ of 

Te\" bJ.1zar&. a~SUllling tile rdat ions L'XJ>C•ctcd ],,~· 11tc• ])( >JllOI!,I'l)('()tJS sse "'f'llnrin. In !lie· 

foll01ring, we pnwl iraJJ_,. lit thr mull i-ti·cqttenry SJ><TI nt of 11'\ ' hla;an. n>-ing t !Jc• f>IIT' · 

ZOll (' 58(' SO]ution for a &plH'ricaJ geOill('ll"\". 7 p;ir<tlll\'IC'l"h for 1]1!' ltlodl•J 1\"t')"(' d<>ir'rlllille'd 

to be c-on~istcnl with llt' pnnunetcr reg-ions II"C !Jan• collslm iJ)('rl. Fot :-. Irk 1:21 nnd 1'1\S 

210:>-304. I he I ight('st e·(ln. I raillt frc>nl the X-ray ub'<·n·"t inn' of ·t inw-la!l,'' arP ('pnsiderr·rl 

as well as I h(' spect raJ l"Onst raiJJis. \\ "" ~urumari7(' I. li P I paran)(·t rs for tltr• SSC mnd <'l 

ill T>1ble ll.l. :\l t hough th<'rC &I ill n•mau t& fkxibility ill " ' ]Pt·l (·d 1'<\ln<·s nf p;u·allwlrJK 

IH' uotc that our de1in·d panunrll'l"s arc not aff~dt'd hy ntorr iltau a factor of :2 c·\t'tJ if 

tnking the nnccrtninty of I he• nh. ClTnblc·s into acTouul (st'<' . Tahk 10.3). 

Table ll.l : lnp111 llll> lrl paranll'l(·r~ forT('\ . hln7ars 

~oun:L' n II -Jm:~x ' ('~~ f/e 

(G) (pt•) (iu Iljr ·) (nu -J-, 'l 
Mrk ·121 1.6 11 0.1.3 s.nxJo-3 l.G x 10 ' 8 i . lx Ill • 

l\l rk 50 1 I. 0 0.13 9.6xll) " J.lx 1.11" 3.8x II) 

Pl\S 215;; 1.1 28 (J.l -1 1.7xlo- :s 8.3 ><10 1 L() 6.1>< l() 

-30-1 

lES 23~-1 l.D 0.18 3.2><10-3 t.l x10' 6 3.2x tO " 
+il·l 

el••f"tron injertlun :;pPI:t r.nl ind .. ~x. ~~: h•'di'L\ilu~ f<~t'Ttlr. {1: magiWik fi1•ld totr••tu~ th II : ~mi:-:.ion r•·n.lllu JCi.l t• , fl ; ruh>cimum Lnr••nt 1 

~implidty 

Tlw inpnt panun<'!crs for ourS ·c nwdl'l an· cldNnlill<·d alnw~t ;tl thf' cr rdcr of 1 lir• 

aiiOIY<:"d parametPr region fi1r difl(·rc>ut nmstraiJJIS di~c·nsst·d in ~ lO.G. To ohtaitt 1 be ~lc-ad1· 

stalt> solu lion for electron <lll[l plwton . pN·tra b;1~•·d nn lit<' paranH•tr•rs Ji,t<'d iu Tnhlr• 11.1. 
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m· ~lflrl lrn1u lit<• inili<tl ('oudition .\',(-, .0) = Q(·) and cakulatt• tlw tim«.' emlutic>n of 

ti!P ' Jw<·trn 10 11101<' tha11 I> 30 /,.". nssu111inp, consta nt injPctiou aml escapC'. \\ 'c• adopted 

a n tl ofl"powN litw for ill!' iujf'C'INI..JN·trr;ll populat ion: Q(·, ) = IJ, ..,-• xp(--,ft,.,.,) . 

I11 Fi•urc• JJ.l:Z- IJ.J..j (I .ft pa nel),\\'!' ~ho\\' the s~· nchmtrou s<· IJ~Compton model 

~pt•n ra a t tlw ,,/rocly _, /ol r. Sl!J)Npost·d 011 lil t• multi-frl'!jllt'L1CY spectra fur :\ Irk ..J2l. :\Jrk 

001. PI\S 2l.j.j .30 1 :tlldlES 23-l.J+:JI -1. Otl(' l'<\11 S('(' tlwt our sse modrl Lines ar· nkcl_\' 

ronsi,tc·nt ll' ilillh<' olt~I'ITflliuuaJ data. c·xc·c·pt for th c· disnc•pallt_\' iu the radio hnnd. Th<' 

disc-rt• pa ll tT in 1 h<' radio hand can hp <Ul elfrtl of thf' rmis8ion arising from larger dis I nucl'. 

thau lil f' locatio11 of t llf' 'i. -rii.\'h·ra.\· ••n tili ing rl'gi<lll (r.g .. :\ l;uschl'r l!J80). l11 fac-t , \ 'LJ3! 

nbsc·t \ '<11 inns nf these· ohjc•c-1~ lta\·r· rc\·cled l ltal the radio !'missio11 COllies from a Yery .large 

rc· •ioll !hall tli~l ('X Ji l'Ckd rrow th P rapid Xra_\'h - ra~- tiJJl(' \'ilrial ilit~· (::0: 10 pc: f,ec•. 

Fip,III'C' ]()_!J ). 

Rtyltl p<llll'l of r·nd t ft gnrc· ( Fi p,ur~ 11.12- 11.1 .:. ) s ilowb tltc rat io of c·k-<:l ron cooli11g 

ral<' by o,yn<: ht'O I rclll / in\'(•rs<' Comploll radiation fnr the slea tly sl,tte. ]·[ori zonla lline s hows 

I liP de·<·! rou Lon·ul z fad or. whi l~ lite \'t• rtic:allin r shows the c·ncrgy los. ratt• of an ri!'ctrcm 

(l;_. .. <.~qc: Pqn~lion (3.3~ ) . cqnation (3.:J,J)) mnlliplicd h~- ,-2 . Those ,·alm•s an• ·unstanl. 

lo r ~ynr lirolroJt J,,,, (!~-"'". -x 72
) . hem· nonnali zrd to a unit_\·. Corresponding ASGA 

<' II ('J'J!,_,. bnnd is ,),own as dashed Jiw·s (0./ - IO keY: C'qua tiou (3.33)) . Jmportantl.\· thr 

r:t ii I '·ssc/'!,yu< ('X<H' I I_\' C'oiucidc·~ with c._. .. J Cu for lu\\'-(' ll( ' ll~Y <'f ret ron~. \Yhilr C'tHIIJliOII 

~r · at tering dliricllC'\' rC'dun•s s ignificantly fo r tlir hi •L cnl'rgy elec-tron duc lo the cross 

~r·d ion n ·cl uet ion in l hr 1\lein-'J ishina n•g imc. One· finds I hat "ynchrotron c·oc>ling is nwrc· 

do111in anl in lltt· X ra.\· h<tnd. which is in fact consistc·ut " ·it!t our pr •\·ious as5u111 plion (!i 

J().l) ). 

Tal•l l' I L.2 slum's the· l'Jlt'rg_,. dt•.usilic·s f photons, magnrtic tic lcl and cl c-t rOIIS drriwd 

l!·c •llJ th·· sse lit of <·ac·h oO ur< ·(' . EI .fc·r·til'f f>_\'llc-lm>l ron pltOlOll rlmsity. r-;~~;;·~ 1 , \q)S c·nl­

t'lliH il'cl simplr from c·qnat iou (10.21). Our tiuds tlml liJr 111C'S!' Te \ · hl az<Hs. thcrc· t•x is ls 

iUJ applV'>.iiU:I I\' ('(Jl!illitr hc•[\\'1'('11 Cu and c)ll<· ho\\'c>\'t'r. 1\lcin-'J iJ. ltina efl'l'Cl r<'tliiC('S tht• 

Kofl photon <i <" usi ty \\·IJidJ arc dfetli\·c·ly i11rokcd ill the srU'-C'ompwn sca ttering prot<''-' 

(( ·::.;•:') h\· a lill'tl>r ol' ,,. ,·c•ml. ThiK abo confinus t•lll' prc·,·iou~ as~nmptiou or 1 < ,,- < JO 

In lw \'a lid (!i lO.G). 

:\ Jon· inqwrlant l.\·. l'i('l'ln•n PllNI!,T dc·n~i l _\· C. i~ larger than t..'u ;uHI C."'" by a factm 

of~ 10. Thi., indic·atl'~ thai the> relati\·is tic jrts arc parlide rlomi11at ~d. Ewn \\'hC'u we 

litkf' mnhi •Hilit•s in f,PkrtNI input pnrnnwt c r~ into ;;c-wu11t. tlti~ r-o11clusion doe~ nol he 

afl't·c·J••rl .. \ 11 i111plic·atint1 that th•• particle l'nl'rgy dun1inalcH o\·r·r rnagnelic encrg_·r den~ily 

lllil\' l"'~r· nn iul<·n·~li ng i"-'t " ' Oll the· jl't form ation mrr·hanism. :\lo·t of th(· l!lodc•ls of 

hulk ;tc.,.<'fr•rat inu t>f j If> r<' li rd ou sont<" rolt·s of map;ncl ir- ftPid d >tttinatC'd sit11a1 iou . Thr 
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Fi I u re 11.13: /( Jt : Ou('-/OII l' sse !II Odd fit for tltt· Mt·ud:"- ~ I af(' 4'llli .. ~i(JIJ of ~ I rk -)01. ~lodr I )'ill'illlll'l t·r~ 

art· ,;in·H in Ttlhh• 11. L riyllt : Il ;:tt io of t'lt ·nron c.·ooliug rare lJ~~ s_\'llt')Jrotrtlll/ill \'l'fSI' ColUJJtt-'11 radiati(lll 

for the sw>tly >ta t<' uf ~Irk 501. 

prcse1Jt resullo St'l' liL~ to ~1-gtl (' <tgainst sudt ' 111H!!,IIPI i dri\'<·n.i<'l. foil II ill iou. Au alt t-'nJa l iw 

ttH·cbaill&m Jor jd JonwHinu i nC'C'C'I'~arr to ac-rr111111 fc11 thi~. 
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Pigurc II. L...j: It fl : Ou, ... t.Oilt' ~ C ruodd fit fur the ~tt·a.dy :-.tatt• ('IIJb-..iou of Pl\S 21 .55-:10 I. ~ l od•·l 

par<llnf•fl•r!- art· gi\'f'll iu Tahlt• 11 .1. rtffhl: Jl;ttio of t•kttrou (.'Ooli 11g nlll' hy :-;y udaroi rou/iuq•rst· C'o111pwu 

rfHii:,ti<m f(J t' !Ill· :-. lf•:ul:r stat(' of PKS 2135-30--L 

n:s 2344+~14 .... 
" 

I 9yne.hrolron Lo•• ::: 
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l.atlnquenc:rWt) electron Lorentz l•olor : ')< 

Fii(Ur<• ll.l ::i: ltjl: Out• 1 1111<· S lliOd{'l Ht for tlu: :-.tt•ad.v ~ latt' c.·llli~!)iou t)f 1£S 234-1+314.. ~lotl<· l 

ptarauwtt·a·s Rn· t:,iw•u il1 T:d,Jt·l Ll. riyht: Hmio \1f Plt•etrou eool iu j!, ratr br ='."H<:hrorrou/ili\"<.•J;-.1' Ctllllplou 

radiatiou fur 1l1t' -..u·atly :>UII\' of I ES 23 1-1+5l.J. 

11.7.2 Modeli ng PK 2155-304 F lare m 1994 

Uns<'d uu IIIC' ph ,,·~icRI para tu<'lCrb hdt·•·kd abov<' . a]l(liltr rC'~nltant ·s tc·ady s lat<'. spc·rl run! 

a~ au h1itial wudition. '"" Jllo•l••l thP X ray liar'' of PI\: 2J.j.j-3()-J iu JD!J-1 :\ Jm·. This 

part ir·ular tlan· wa.<. b<•ltTI<'d h<'caust' ( I ) ilw Jlarr wa~ i,;olni<'d. <'XdudiJt[\ I he ei!Pct~ r-<lll." 'd 

]),· lh<· ~tqwrpo~itinu or !\lam· tlan' 1'\'t'lltS, (:1) illllplit ud<' or Uar!' was largt> . and (3 ) ·tillll'­

lap,~ ' :m• nhh<'JYI'd in llll' nuiou,., X-ray <'U('l'',Y hands ( Figmr 10.2: J0.3). Since PI\:S 
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Tahl<' 11.2: Eu<•rgy dPn~ity or phoiut". 1\Jagtlf'tit· field n ud l'i<TI ron~ 

"'Utlrt."<.' L"u L.<~.)nr L~Hul l :-.~(_ l i t- c,. C",./l /l .,~n(' 

(t• rg/u n3 ) ( "r~/qu" ) (t·r~/nu3 ) kr!'./< lll 'l (/mr1) (i·rgfqn'l 
~\lrk 421 l.lx lll I 5.7xJo - 1 2.-l x 1<1 I 2.flx Ill I l.ll x t0 1 ~.3xlll ·' J.G 

~lrk 501 n.G x 10 I .Ox to- 1 3./x J(l - 1 l. l x ltl I I. x JO'' 6.2><1<1 ' 9.3 

PKS 2155 8.2 x 10 I G.G x lO I 3.5x to- 1 2.8x lO I i.G x ll1 1 ~.!lxJO 3 ~ .. ; 
-30~ 

J.ES 23~~ l.3xl0 3 ~.!l xlo-' 2.ox w-·• I.Gx 10 " !l.lx IIJJ T.:Jxlll -c. 
+5l-l 

t.:n crt,:.v den .. in uf plH.Jt(oll!;, ma~nc1ic tiel([ and t•l~lron:l de-ri\ i'd f-rom th•···tt•cHh sratt· "'">(' IIJ\ldf't fil. l' ;u.1m1•to·r,.; ar{' ~iH'II 

in table 11.1. magncTir flf'ld : r R · lotal hYUthrotrou J•hotou d••n:o.ily; 1 .. .,". !//trlit'l s)nrhrol rt'ln (\hurnu dt•u~ll\", 1 :. .. ·.~~~. 

density and ma~;uctic fi~>ld dt'u:;ity: i ,./1 u. \ l inlunun l.IJrl'n l l fw.-lt.H" of clt•rtrom• i:o. <u.t-llm,..d to hr 1 nuu 

:2J::i::i-30-t did nul sholl' an,,· cl<·ar tretals betW<-<'Il th" peak s,,·ncltrot nttl luutinosiiY and 

peak enPrg,\· (Figure 8.J!J) . au origin or tlte fl an' is not as l']p;Jr ns lllill r<ll" .\Irk 121 allll 

:\lrk ;)()1 (~ 10.-l). YaJ·iou. typ 'B or flaring lwlta\·ior 1\'('l'l' thus inYc~ti!(akd b.l· dtatl 'iliA 

llic parameters for tiH' injedt•d electron spertnntt ~ml/m tlw phy&icll l qttaufiti<•s iu tlt r 

emission r gion . 

ln tlif:' following. we oimnlated the lip;ht tm,·<·~. :t' WI" II i\h lh•• tinw t•volutinu t>f sjw•·t ra. 

when / ma. increa~->l'd h,r a i'Hclur of l.G dming onr· I"' inll'rYal front II~<'~~ art of tit<' I! an•. Fot 

this pa.rtirulaJ· caS•', " modrl fit or thr time- lags(~ 10.2. t) JPI'<'aied lltalla.r is <·on ~i., tt •tJt 

with zc·ro. 11·l<idt correspouds lo tlw rapid cl<'rt rou in.i•·r·tiotl up to •1,., .. ,. 1\·r· t itus ~S.'>ltttl!' 

1acr. ~ 0 and "'"'"' cli<lllp;t·d ill8lfllllon <"uttsly thuin~ lilC' flare for t !tc· prcs~ nl f'ilS!'. 

\\'e 1·aried the inj(•ctl'd rlr·ctron spectrum a~> (2,(7) = 1/f -y-' c-xp(-(/ J.G-1.,,.,.) fut 0 ::::; 

I ::::; tees <Utd (J, (/) = (JL 1-.• <'XP( --, hmaxl ollu'nl'b<• .. \ft rr ilw eakulatiou was IJI 'J fomu·d 

in the source f'nultc, it was trau~ft>rnlt'd into the o!t~,n·c r ·s rnuuP for c-ontpari.<.ott wit It 

lit<' ob ervational data. \\' ta.h the tillll'-step It• b<' .::,.1 = 2000 s,.,. thronRhont tht• 

calculatiou. Thb corresponds to .::,.1 < 100 st•(· i11 I he ob~>t' tT('r·,., fratJtr•, ntuc!t ~ltorlt·r than 

the ,·ari,Jbility titne scalf's, such 'i" tit<• '.mchrott u t·ooliu)\ tiuw. 

In Figun· ll.JG. 11·c• :-hOI\' thP Utkulalt•d light ClltT£'S front EUVE' lo ASCA t•nPrgir·s. 

The flux was normalizf'<i lo that for til(• stpa l.r staff' (I = 0). aud the tin•r· <LXis was nor 

malized tn the sourr·r• Jight-n<•'>,ing timr-sf'alr• (R/t·). The s_r ttltllefrit· lip,ltt l'll tT<' dnt·iu ~ 

thr ilaJ·P is reproduced ttuitc wdl. "lot nbly. tLr pcakiJtl; I iuw "f t lw Han· at l01wr ' It ·rgir·, 

lap,s hchiud that for hil\it(•r ent'r>i<·s. aJl(J rhe HllJp!itndr of tltr tlan' b('cotncs l~rgN as 
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rilf• phroi<>ll t•twrgy inn<·as<'~.wltir·h ap,rt•t• qualila(i\'l'ly 11·ith the nil et'\'alioual data (Fig­

un· lO.:n 

9.5 kCIV 
2.6 keV 

o.? k eV 
0.1 keV 

Pi:un• ll. l G: Llpp<'r Paw·!: Siwulalcd li~l!t c•u·v•·s at diff<·n•ul UV /X-r;ty <'IJCrgi,.s. r<' ]n·otltwiug 

tlw rapid rlare of P I<S 2l5G-31H iu 100-1 1\-lay. Vv" pluttc•d lhe liiJI<' evvluliou of lite flnx<'s at 

dill't•n•ut J'n •qut'll<'i<•$. ll<ll'lllalizl'd to tlw iJJil ial (I = 0 ) v;du<'. Tlw 'l"'"i-syllllJ ICtrir sl.apr• of tl!o 

lJif,{h ' ' IH'l'~Y (jl(iJt nll"Vl'ti and l!Je iucrect~iug time lag vf t. Jw JWak witit rit"'lTea.'iiug eUt'l'h'J' j~ dearly 

SPPII . Low(•J' Paw·l: Ati$Uill('d t'lmugc of 1'n 1ax d11riup; tlac> flan•. Tlu• f 1ua.x i:; a .. 'il)UJJ!f'd lu iurn~;uw 

I •.Y a fael.o01 of I.G li·ow t.!w iuit.il1.1 value for 0 ~ I ~1m. Tiult•-axr•s of I.JUt!J paurls arl' iu uuit.s uf 

tlu• ~our(·p li ,.; ht. ·t·t·o~Hin~ liuw Ucr:il. Iu t lw obsPrvt·r·s fn\.UJP. l.ers nnTc:;pouds to 0.3 day. Fignre 

fn1111 Kat.aoka cl :11 (20011). 

lntj)<'l'lHntl_, .. tli~ po~itinn of the Jlt'<\k timt· i ~ clel••rminC'd b-'· tb<~ balance or sli crs in 

which lh<· t•tuit t~d flux is illr"tTasillP, and ~lie<'' ill ll'hic-1• lhr dE-caying pha"e ltas alrrndy 

~t~ril'd. Por <'xamplt·, ;tl tlit' hi ·h('h l .\ ray rm·rg-'· hall(] IYhich rorresponds to 1 ~ ~ma.<· 

tltr- JH'ak >f the• lif\ltl rut'l'l' IYill orcur at" tinw /. whrre 1m< f < 2/cr;· This is because 

the''" ••kctr •ns ill th<' .- lin·~ cool much f;Lqlf'I' than 1m :mel the Yolume 11·hicb r·oniains lite 

flnrr· iufnrnwtioll is maxintunt nl tit(' ('<'Jtlrr of thr ,pJwre. which can be oh,r·rn·rl aft<'r t,., 
frontlhl'Riarl nftllt' flan' (he'<' Figun• ll.2). Tlw 11-holc-t ·mi~~ i < Ht region r<"quirc•s 2fcr. 1ohc 

t'OIItplrtc!~- 1·ihihle lo lit<' ohb<'t'\'1'1'. This 11·i ll en usC' a decayiug of the flux {ror('side slin'o) 

and an incrt'H~i tti\ of 1 he· llnx ( ba ·ksidP slic ~) at t ltr H<lltl!' t imC'. 1-low<•wr. in t h<' I lii'N 

<'U!'l'f\1' ii:Jitd ll'ltcrr /,.0101 » 1..,,. tltt· r•kdrons do 110/ cool dJ.prl.il· •IY. The emitted flux will 

wntinu<' In itHT<'il' <'1'\'ll aftN 21rr•· Thi <"omhinaliou or tlt<' inen'asing/<lenc·asin:; plHtBr 

or slie<•s ran t·ansc a litn!' lag in thr po~ition of llll' prnk as can bC' scrn in Fignn• ll.JG. 

11 I . .-\PPLICAT/0.\' TO TJJE 0/J ERUT/0.\'.\L 0 .11:1 2l!J 

Tit<' <lashed lin<'~ in Figun· I 1.17 (a) and (I•) sho11 thl' 'i"'t'lral <'n>hniou enlt-nl;tt<'rl 

fromtll<' adoptPd tnocl<'l. Tlw :2- lO kp\' Hux II'<J~ nhtaillt'd [)I· int"j.\ral i••ll oft Iw c•dntlalr·cl 

'iH'clrum in lh<' 2- lOIn·\ · i>nncl. hO it l'illl lw n•;,Jih· <"OiltpmTd 11itlt till' oits<'l'\'alionn! 

datn. Tlw photrou ~Jl\Tlrnl indt•x 1ras simp}_,. detr•nnint·d frotn till' ratio of tilt' fluX<'s at 0.1 

ke\' to 7.:"> kr\·. Si11cr lhr ASCA r•hRl'rnllicm slarlr•d ar11•r thPonsl'! nl'th llarr. wr·shil'to·d 

our simu lalecllighl rurn·s iu the litnr-;LX i5 fnr •·ompariMIIL Tin• l'aet that t hr JWakill f\ 1 imr 

or lite photon i11dt'X lN1tb that lor t!J,. flux is quilt· wdl n·prodtH'<'<i . This can Jw >tbo f-t·rn 

iu FigltrP ll.l . wht·rc' thr ·dock ll~isr· hyslerc~is ill th<' llux (2 10 !;,·\·) I'NHHS p!J,tnn 

index (0.7- 7.:"> k<·\') plane rm• lw dt•>trJ,· ~<'C' II. 

2.4 (• ) 

. 
~ 2.8 

if 5.0 

1.5 (b) ,-., __ 

~ ... 
1.0 .• ·~ .. ....... .... ......................... 

5 .0e4 t.Oe5 l .5e5 
Time from WJD 494-9 1.3 (:sec) 

Figme 11.11: Det-ailed tilllc' ili"t-or.v of PKS 2155-30.1 duting llw .100 1 M;,_y l'<LiliiJaigu. E:;Lt'IJ 

da.ta. poiut. con·t·:-;p()UC!s to a.u rqua.l 5 k~('l' int.crval rual all SIS/G fS dat.a a.n· t.'Oillhiu<•cl ftJI' tl1c 

lit. Tb UJ<.> rlel is " p1JWPr law wil.!t f'n •c ahsoqJI.ivll. (a): Variat i<lll ur II«· dilf<'ll'lll ial jlltotou 

iudex iu J,J. e 0.7- 7.5 ki-V baud. Tlw clas!Jr•d line i ·a lllo<lo·l ptwli..tiou as d<·scrilwd iJJ q 3. (b): 

Vari<Ltiou of ll11· 2- 10 k<·V flux iu uui1s of w- 111 erg ,., " 1 , 1. Tlu· ,i;c,Jtr-d litll' is a JurodPI 

j.!I'Priiniuu n"iug •Jur tillt~~<l<-pe ll<i•·uL code. Figm,.. frout KaJaoka .-1. al (2000). 

To make a quantitati\'C <·omparisoH of tlw oh~<·rw·d :lllrl JJtnrlr•l<'rl li14ht <"HIT<'~ in dif 

l'ereut cnrr);_l' itaJI(b, "''' aual_I'ZI'd l111• li •ill l'IIJTe~ i11 llw h<IIJH' \\'a\· as I hai 1'01 I}J(• oh~er­

,·atiomtl cl~ta ( for Co!llparis n. &<'(' Pignre 10.3). Till' rl<L'->ltl'rl litH·~ i11 Figure· 11.10 {a)-lr·) 

\I'('I'C' ralr-nlated from a ;au~;,ian fit of tlw sim• tlal<•d liglti <"Ill\'('~- aurl t·nnn>rtr<l to th<' 

nbsf'rver·s fmllll'. Fignrr JJ.lD (a) ;,],owst lw durati(Juof tiH• flar<·. d<'tt'tllliJH•d from tlw 

' lanrlard dc1~fllion {rr) o[ thr· Gaussian. TLis ~tm·s ll<'arl1· ('OJtslanl at ~ l..j x 10 1 sec, 

hut the model shows a sign of inc-r"ase at lo11·r·r X nn- <'lwrgi••s rr for O .. i kt·\' i.b 8 '7< 
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2.4 .......... 

2.6 

2.8 

3.0 

1.0 1.5 

Figun• ] 1.18: Evulnt.ion ol' tlw X my Hp<·•dntllt of PI\ 2lfi5-30·1. i.J, tl1C U11x v<•rsus plwlou 

i1ulex phu1e . "I'Iw ~olid liar rVJJU('d.s l.llc oi>:wrV<.l.t.ionrd dat.a.. while ti.Je da.-..lwrlliue is the IIJodcl 

ptwlil'l iu11 frotll onr t.intr-d<•JJI'JHil'ut codt·. Figur•• fnnu K<tLauk" eta! (2000). 

lougpr than that J'nr ::J.O ke\·. All hough\\"<' do nol rll'lN'l any sncl1 iucn•as<' (broadening) in 

lit<' ob~<'rn'd X- rn~· light ntiTI' . . flarPs ohS<'IT<'d by EUVE and JUE sho"wl considernhl." 

longPr tin te sca lf's than that in tlu• ASCA bani (l"rr~· et al. lD!JT). Tltis tll<l-'" & ll g[!,<'~'i 

I lull thP Juration <,[' th • f\al'(· actually innl'nses at loll"er ('llt'rgi<'s. if both flar<·s han• till' 

s;uJl<' origin .. \l~o nok that lit<' Gaussian fit of lbc simnlaled li ht !'urws rou ltl111akr 

')'Slt•llliltil' ('II'Or~ llll (T. if the f'J"111 1ll!'(r_y or the Jigltt ('lii'\"C'S is broken Oil].'· in thL' Jtm·csl 

X-rny rnr rgy IJantls. 

T he' atuplitntiP oft},,. flarr· (.-lp = C 1 /Co) wno rakulat<·d lo he O.J for 0.0 kc\ ' and l.G 

for.:; kt·\ · JH'l'<'iscly in ii);TCCtuent wilh lhc obscn·ationo.l data (Figru·e 11.10 (b)). 1\"e 

c·o lltpnrl'tl I Itt• lil!,hl (·un·c·s at J kl·\· ro t hose for the lower <'Jtcq~ic~. a.Jtcl fouud a ·~ort - l ag· 

when• tJH• () _ _- 1 k('\. photons Jag !Jeil illt] J kc\" photons about ..J ksec. CJIIilltlitalin•].l" ill 

agrc·c·ua•llt wit it tlw oi.M·t"l"aiiou<ll data (Figm ll.JD (c)) . Im portant].~- . tbi~ result implit•; 

that t hr• nl"<'nTd i iBI (' )1\ f!, is II"<' II r<'pn•scmcd h.1· l he tlifrcrcnc<' of the snwhrol ron cooliug 

lim<' M·alt·~-

\\"t· abo ('(Ull]JIIIvd I itt• disc-rete cOJTPiatiou fullction for the mot!Pl light Clln·r•s. Thl' 

n•sull is gil"(•n itt Figun· ll.lD (d) .. \ !!.aiu. we ohtaim·d a similar n·snll w; \\·itlt Gaussi:w 

1ils. and ,-,•rifit·d '' · ~oft - lag· wltt·r(' tit <' U.J- 1 kl'\. photons lag lwhind ;; kco\" photon., 

about ~ l hc•t·. 

Finally. iu Fil!,lll<' 11.20 II"<' ;;boll" lh<' tim<· ,,,·olution of the nntlti-\\·a,·<"l<'ngth syn· 

chrotrou st•lf (\>tllplou spcd ra aflN tlJ<> start of lhl' llare. at 1/ln, = 1..0, l.G and 2. -1 (fill' 

11.1. APPUC.\T/0.\" TO THE ()/J~ER\:-\T/0.\". \L D \.n 
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Figure ! LID: Mc'<ISureweut of (.lie po.rautdrrs d(·Srl'ibiufl t.lw 1991 May flan· or PI\S 21~~-:JtJ.I . 

OiJRPrvatiuJta.l data. are sallll' as Figun· 10.3. IJ11L lltOdPI lin1·~ {dolJ,•d litu•s) (ll'f' c<alndrt.l Pd 11xin~ 

our t. iiJle-dPl.H-'IlC!I·ul <."<HIP. 

compari 011. see also FigurP I LlG ). Th X ray SJWrl nun clearly lwrottl('b hanlr·r whr·n i !11· 

flux i.ucrcas(,S . . \!so note that lht• flu x ,-,triation of the C'omptrm SJW<'Irnm is &IIH1 11<'r than 

that for synchrotron spcrl rum. This is bee-a us<· I he.' n•dnC'I inn or ('out pi uu r-ross s<·r·t iou 

in the !,;Jci.Jt-:'\ishim\ regimr sl rn11gJy ~llpprc"sS(•~ lJH• iHnl'aM' of il l<' fluX :tt til<' ]ligltl'~ l 

photoJt energies(~ lw:"a.') . 

\\"e ,tJso inn·stij!,at,•d olher &Cf'narios for the· flare. sud, ;is iutTC'ni>iu • l!w nnnn~liwlit>n 

of th e" i..ujt'cted C' it'f'lrons (q,) or the m:tgnl'l.il' fi eld sll'c•nglh (0). !Jilt th<'s<' did 1101 gil"<' 

good rppr<'scntalious of thf' d<da. In <i morr rNilistiC' silualimt , ali ()r th<'b parmnr·tt·t--. 

probably ,·ary simultnm•ous].'·. but onr moddiug itnpli<·o tlntl til<· uto~l <·~sential parlillWi<'r 

during litis p;uticular flare is lu«c•· 

11. 7.3 Modeling Mrk 421 Flare 

:'JrxlwP considt>r ,-ariahility patt<·I11S ~tnrl ~p<·<·lral ,.,-,,]ulions<Jf ~Jrk ~21. Ju th•• J<,Jiowing, 

1rc will dis ·nss _ryeneNtl iJI'hal"iours whku m·c PXJH'I"INI iu ,-arious LI' J><'s or flares. rallwr 

I batt font , ing on ~onw pnrl iC'ular llares whi<·h have· b('<·tt oiJM'J'\'t•d. In I h<' ~u b~<·quC'lll 

ana]_,·sis. we " ·ill t01t5irlt•r a hingle, isolalf•d. Iarg<' arnpli1ndl' rariahilii ,. for va ti<lll& dtnnw•o 
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ASCA 

16 20 
Leg frllquency {Hz) 

EGR!."T lhorlc6 

24 28 

figtll'P 11 .20: Mull.i- Lmud sprdruw of PKS 2155-30·1. T lw filled "irclc•s are Llw urm·ly s iumlt a­

l\l>nlls / l/Ewtd 8UVEdaLa repuru•tl iu Urry ct ,.1. (l.D07). The fill<·d Sqll<u·es are Lilf·' X my cia( . ., 

obt<ti11<•d with AS 'A (tliis work). Tlu• solid lin<' aud dasllf•<i Lim·s rcprrseut !.he• tiru" <'V<Iilll-iou 

uf illf' I'IWIOII SJll't'tra mkulat<·d frow llH' l illt(•-depell<i<•IJt sse IIJ.Odel. Tltc Wlliti-l'r '([l!CIIf'Y 

"P<'t-t.ra at 1/lm = 0. l.O . l.G aJI(J 2.4 are shuwu respcd.iv<·ly. Figure frou1 Kataoka el al (2000). 

in plJ.\·~i•·nl p~ntlllf'lrrs. :-. lore complicalC'd ~it nation (e.g .. Figurf' 7.8). however. could I 

<·a,il.l· tlltdc · r~tood as a snprrp<•~ition uf Yari<'l_l· of suclt Ilarc Cl'f'nls. \\'c assunw tltnt thl' 

duratiou of tlir dl<~HgC' i~ itnpnJsiYe, nll(l continues ~I= I cr. for simplicitY. Onr r<lH find a 

"illtilar dbrnssiou , ~I though inrludi11g kss Ynridy. in :-. Iastirhindi,; .S.: l\:irk (l!J!Jf) in which 

vnri;lhilit.l· ib <lSSII !IH'd lo rontin11c· until both <•krt ron/phnton distributions rt·ac·h ln the 

·uc•\1 · c•quilibrittlll ~I all'. 

Fhu· s d ue t.o C hange. in 6 

\\'r firs! <'On,.idN the· cas<· ll'hPr~ the lwautin fi'lrtor b rhaugC's impulsively by a fac·tor 

nJ' 2 (Figtm· 11.21 ). Tlte s,nnmrlric timl' prolil<' nf the Uart'. IYitose rise-lilllc '>lid d C<l~-­

t i1m· <U(' rhnrad<'riz(·d II' it It I,.", arc· elt>arly ~N·n . . iuc·c• tlw beaming fartor ib ddi11<·d a~ 

rl == [f(l - i)c·o,. flt 1 (~ 3.1.2). sul'h ~itualion is physicallY possibl<:- if the trajc•clotT 

!JI' t ht· ·ntit I iu' hloh is eun·<'d k-1\ .. lo"al spatial lwnding of tit<' jet: P.g .. \\'ap.tll'r cl al. 

1()!)1) r Lor<'lllz l'ado1 [' ii,c-JJ lws hrr•tt ehnugf'Cl. Ttt au.1· ca,c. Figure 11.21 hltOII'S llt>ll 

tlu• rPsttltmtt l'<lriabilit ,v "lll>>dd h<' cohc rrol in cnf'rP,.I'. \\·hic-h strong].~- cnntnl<lids lo tltr 

obsc'ITati(lll . ::'\o tin!(' h•g~ will hP ohsctTC'd for timr ,-m·iahilit_l. iu ,-,nimts <'ncrgy ltaJuls. 
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Ol-1 lteV 

10 

'T'In,. em R/e) 

Fip;lln' 11.21: h· jl : EnJ!utiou of tit'-' unllli·fr<:qm:Hey ~p<···tra of ~ l rh -1.21 iu thr· ,.,L..,I' wl ... n· rlu.: ht·11111 iug, 

faetor (b) dnJIIJ;t'~ i1npnl:-.in·l.'· by a f•wtur of 2. Ourntiou uf t ht.' rlmll~\' b a:-.:--IIIUI'd ln h~· t .. r .... r1r1ht : Plot 

of tlw Hnx iH nHious fr('(IH<·nei('S {llOI'I ualiz ·U to it~ qu<!iJ't('JH ,·;tln<·) fol' till' fl<ln' !Ita! c·urn·~pcuab tt) u 

t'h<:&ll~t' it1 b by a. fa<.'lor of 2. 

Flar es due to C hanges in D 

:--lcxl ca~e is a flare due lu lite impulsin· change in nw •Jtcti<- li<'id ,;ln•11 •tit D h~- fnf'tor of 

j (Figure 11.22). In this case, lhr· wbole syneluotron SJWl'lrutn b IJiut·-s ltiftPd (11 []) 

and b 10~t din illtE·n5ity (L.y,,· /J1
) althoup,h th<' oh~NY d antplitud<• ht•c·onH'h ,maUPr 

hccaase (I) flare durMion is too short to r arh a uew cquilil>riutn •l~ tf' all(! (2) . IJ'Cing 

cooling rrdun·s the ,-ariabilit.l' runplitudt• for the high ·ncrg.1· t>h-rtn.>ll~. Light trav<•ltillw 

effert also rcdu cs II1C' am plilud because slin•s of iucn·asill)!. D a11rl dc•nPiL5Ut[\ D l'lt'l' 

summ<· I up al lh<· same linw. 

lt is reamarkallc tltal tl!C selJ~Con1pton flux , 011 lill' olltt'r lta11d. n•ducc·s ;igui lkaut ly 

from ih origi 11 al value. This re~ult is r·onsistcntll'it]l tltnl dis<·us~"'l in :-. l;tf.lif'hiacli,-, J.c Kirk 

{l!J!J7) and appare11li.l· contn1tlir·ts lh · c•t"t' II'<' hal'(' slwwu in Fip,un· 11.7 (a). iu whid1 

the total drctron di. tribntiou was held to he cou&tnut. All honglt snr-lt t'llt·icHtS h havitmr 

dtning a Jlnrc haYc nr1·rr been ob,erw•d. this ra.v· i~ inlerc·~tiug J'rom lb ~ stnnrlpoinl uf 

lltc> encrgt•t ic · in thr .i t. 

lu current ase. II'<' kC'<'Jl th(' dcnrou iuje<'l iOJt ralt> Q(/J tv h<• "''ll~lant. TL11s tilt' 

(•lrclron kinetir ctWrgy inpnt to tlw mission n·gion p<·r nuil lintc· JJ!'r unit YolttuH· is 

P. == m,. £-~ 1.: .. (~ -l)Q,.d·1 . ( 11.3 ) 

For t!J~ ltip.h <'ncrgy lt'ctr<>ui-. t]JP , llt u of tlu• syuc-ltn>lrnJt aurl illl'<·r~c- Compton E'IIt'fl\,1' 

kN; (eqnatjou (3.34): 3.0-1.) would hr· b,Janct·d wilh P.. , !(I n!at'h a ·u<'w · <•qnilihrimn statP. 

In thr sil uHlion wltrrt· P, is ton~taut duriug th e· liar<'. innf'asitll!; ".l·nehmtroll lumioositv 
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thus iH<'\"Ji al,h will t"<llt ~r t Le d<'C"If':t>l" iu st•]I"-Cnmpt 011 lumiuo,.,ity. 

Tim• (in R/c:) 

2-tOkoV-
0.1-llreV ­
"PUr;o.l 
ratllo 
Te.V7 

""' 7 

Figun\ 11.22: /( Jt: E\·ulutiuu of lla· undti-frl'<.jllt'llr'.'' -.pt·etraof !\lrk ~l 21 i11 the t~t' where the JuagJwtir 

f'iL·Id ~ll'l'lll~llt 13 dmltJ~(·::; intpnlsi\•{·]y by a factor of 5. Dura.tiou of fil(' chauge i::. f\.iM illH'd io bl' icrs· ri!Jht 

: Plut uf tlw !-lu x ttl quiou~ fn'(lllt'H<.:h·s (uonmdi;ed to it~ qtu.' is<:c.·ut \"<.tluc) for the lhu:l' tlua eOI'n·~ponlb 

10 <l f!Hutw• in 13 by <1 frH'tor of 5. 

Flare · due to 'ha ngcs iu - "'"' 

The· thi rd t~"" i" ~ flan' due• to change" intlw tnaximum Lorentz !"actor ofelec·trous ·"'"-' 

(J<' ii!,Url' 11.23). -: '""' was '"~Rl llllctl lo he e·hang ·d inslaulancousl.'· I)\· factor of 3 fur 1m . 

Tlti" ttl"'' ,r fl;tr(• 11·as gt>od reprcseHlaliou of the dnta r r a pn.rlicul;lr tlnre ohsenwl lor 

PI.\S ::!J.j.j- :30-1 ('r·c ~ 11.1.2). 

Tit(' r 'fo lllt Sl' f'lllS to ciC'scrihc• a(iPquatcly thC' variability or t ile S('i"f~Compton flux, hOII"­

('\"('1". X-rn.1· ~prt·l r11111 heeomcs too II at compared to its rrlatin·l.'· small cltaBJWfo in pcn.k 

lntnit'""ily ( Figur<" 11.23) . .-\Jso n<>i<' that tlw variability ~mplit ude in the X-ra1· lmnd i> 

a fartm 2 hugr•r lhnu ll~<tt in lht> Tr·V eJtergy hand (right panel). 1vhidt does not a tTl' 

wit It tiu' oi>M·n·;ttioua ln·stt lts ll'he·n· [X-ray flux] ex [Tt>\ . ·-r;~v flux] (~el'. Fi!;\tll"l' 0.3). 

ln tlti~ tlw~is. "''found that the peak C'nrrgy of the ~~·udu·otrolt coropoucu t for .\Irk 

-121 r/11/ shift durin)\ tl\(' llan· . lntt the c·h~Jtge wns I'C· r~· small(~ O.:i- 2 k('\.) CUl11Jl<lr<'rl 

to Llll' Jarw• :\mplitut!C' \·ariations iu flux. \\"e thus PX IWrl that the fattor of~ 2 dtan~es 

pnwti!"a lh· I'X[)t'("(! ·d in -"""' . but IIJP 11/(/111 C"illl,(' or Lill' till X ,·aria I iuu mu'l he ot llPr I hall 

lu this raM'. I inH' lag.'> 11·ill hi' t>bbCtTe<.l itl 1·arions caNgy I aud~'- Oi>~r:-n·c·d h1g 11·ill 

lw n>n,.,istrnl will• that exlwc-tcd from I hC' s~'nehrotron cooling time· f>C"iilr· in the X-ra-'· 

c•twrgy hand. lwntliH' 1 ht• ~~·lll"hrotron re>olin~ i ~ more de>tni11aut than Compton cooling 

11.1 . .-IPPUC\TIO.\" TO THE Ol3 "ERUTTO.\". \L D. IT.\ 

pron~~s ( F'ip;tU"f' 11.1:2). .·\mpl itudt• he•c·omC'' lar~t·r "" t ht• photo11 <'tH'I"I\.1" itttTI'll'"~· wh idt 

qualitali\·ely agn't'' with tlw nbReJTatiull>ll data ( ~ 1 .~.21 . 

"r---------T-------~--------~-, 

nme (In R/e) 

2- tOhV-
0.1 ~ 1 lt•V 
opU.:.I 
red.lo 
Te'Y) 

""'' 

Fi~tu·e ll.23 : fc It: f:,·olution of r lu• Iuulti-fr<·cJuc.·w ·.r ~jlt'( ' tnl of ~lrk 121 iu tl~t· nL"l' "ben· the IIHt'Xitnnnr 

Lon~Ittz ftlc·ror of c·lcc·trurt (~1 1,)nx) duut"'tto iiilJ'Hh.i\'t'IY J,y R fuctor 11f 5. Duration (Jf tI t<· dtaltht' b ;t.-,:-.tltiH''I 

to bt• t('~· right : Plot of tilt.· tlux <ll nuion · fn·qu('lLC'if.•:; (nonualizc·d to irs qu\'i!'iC't nt \"<Liud for· rlu' !!are 

tlwt tOIT<.'Spoud toR t:haugt• iu ltu:l\: by a fac.:IOI' of 5. 

Flares due to Cllange in q,. 

Fin<11l)·. IH' simulalc a llan• due to the impul~i,·c chnngr· in Pi<•ct mtt ittjt•r·i ion 1wrnt"liwt iott 

q. b~· a fac-tor of 10. In litis case. the mudf'l fit S('f'lll» In hf' IH'il('J" llta11 all or Lit<• prr·l'inus 

t"t\1 <'S from radio to { -ray bands. Amplitudl' of \"i1riabiJity ])e'<"011t('S largrr <!.~ I itt' phnl<m 

P!lergy increa. es, hul t•uerg~· d~pcnden<·e is smn llf'l" tlta11 <l cane' or tlw Jlare <l>t<' lo -,,., . 

Only discrcpan·.v i ~ lhr fact th nt tit<' nntp litud" of vuriahilily iu Tr·\" h~tnd i» larr.;r·r than 

lhat in thr X-t"lt.v hand . Tl11· rdatiou of ,·arictbility amplitudr· iu built rnprgy I Jand~ j, 

som ·11·b ;1t bt•tl\·('r•u the Thomf.nn limit ([;\-my] x [Te·\· ; rayj2 ) and the· Kl<'ill - \ii~ltiHa 

limit ([X-my] · [Te\ · ' ,-ray]) (~·eo,~ 10.0). 

Time lag~ 11·iJJ b obs<'n·ed in ,·arion:, <'IH'l"'Y hanrlfo. Obs,...,·<•d Jag will h(• r·onsif.IPnt 

with that expectrd front the .ynchrolruu rooling time :,ndc• i11 thr X ta.1· t"tl!'rgy lw11rl , 

h<·cause t h(' synchrotron cooling is ntorr• doJOiuaut tiJa!l C'omptrm c·ooliug pill<"<'"~ (Fig­

ur 11.12). Thr sytnmC'tric tinw profile of lite Hare nrc Olli~· St' <' ll ror hil\h l'tl!'r)\y ligltt 

CUlT s (X-ray and Tc\ ' •1-rny). For radio-optir·nl aud GP\' hand. ligltt <·utTt's an• as~)"JJI ­

nwtric- wbos•· risr• t iiJle i~ rharactr•rizPrl 11·it It Ins· wit ill" drra\"- l in•~ i~ lllorr· Jo"g"r c·t~uliJtg 

tinP (tcootl or escape time (l ... cl· 

In sunmtary. in the pmrti<"al silual itm. 11·~ ~xped tit at both " '""" 't!td 'I·· ran 1·ar)· dnrill)\ 

Ute flarp or .\Jrk -121. Howen.'r. l~trg• alltplitnrlP \"<lriatiOllh in nux arr· l11tl<; []l• du to lltr 
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incrr·,;.iJig 1111111lwr of il•}·rl<'d Plectro11:; (q,.) . LiliNtr rorn•lutil•ll b1•tm•en 1he X-ray aucl 

TP\.- l"il)' llnx c-;,JI IH• ;ll~o explained],_,. 1!1P enmhiH~Iion of lhe~r l\\·o types of ,.ilriaticnh. 

Time' lag~ iu nuiuns X-ra)' PIWrgy hnmb as wdl HS till' ~YIIIIlH'tric time protilt· nrc· 11'~11 

n•prc·;.f'lllf'<i IJy 1 hc·h" ~i11tplc uHHl€'L'> of rh<' flnrc'. 

Wrk 4<!1---------~----, 

j 42 

'l'lm .. (in H/c) 

Figut t' 11 .2~1: lr jf: CYohtt ionl)f lit(' tuulli - frNpH.'IIe_v sp(Ttnt of ~ I rk ..t:?:l iu lhr raM· wllcrt• til<· atuplitudt.• 

of t•h•( trou iujt•(·tion (t'fp) f lmtJ~t·~ iuqwlt-ively h~· a f<H'I('r of LO. Duration of tht_• chaugc i~ ;~suuttd to hl' 

1.-r,.. rrqht: Plot uf tla· Jlux at \'<UiOU'i fn·~.ptetwil':::. (uonnal.i£NI to it~ qu~·i~<·<·ut \·a)u..,•) fur lhc litll't' tlwl 

<'OIT\·~po11d~ 10 H th~nt~l' iu q,.. h,\· a fm·tor of 10. 

11.7 .4 Sp ctral Evolutions 

In 1 It t• prPvi"u~ S<'t'l ion. we l'onwl i hat I h<• f1<1rc of :\.Irk ~21 is 11·ell explaim•t l by lln· dwn cs 

iu q,. and'),.,"'. Sinn· lor thi~ particnl<or ~otuu·. tlw fonncr is more i.mport<1nt. ,,·c· ,tnd_,. 

tit" ~pt•ctral lwltal·ionr during the Hare in which fJc changes factor of 1.0 for 1m. 

R apid Elc.-tr o u lnjccLion up to '"'"·' 

\\-c· first <'tllt>oidt•r that fn•sh eleclron.s nre in .< l(ltll(lneou.;[y injected iut0 tile rlnissiou r ·giou 

up to·,,_. Tltns fnr all ck•rlron r·Hcrp,_r band~. II~<· rC'iation/ ._.c «: lcool hold!-. .-\Jthough 

this '>iluation uun· H'~'tll to lw omewltat uttphy~ical . I his lila\' occur I\· !tell Llt<· tangil'•l 

ma.'lll'tic Jil'] I in lL•· acceleration rcgio11 IJ, is tntt ·It &lr<•np.N tht1n tltm itt lit emitting 

rr·14ion (,.r·•• ~ ]() fo•r nton· dt•lail). 

1-' i)\nr<• 11.23 (It fl) shows l he JjgLi c·urv!'s of syn<·hrot r n c·ompOIH'llt in Yarions l'liNf\.\' 

baud,. ( t ht· ~an11· sit uat io11 ""II' it h Figure 1 1.2 J ). 011e fin Is that ( 1) peak tim(' of lhr> fiatT 

lag." in lcn\'l'r p!t .. tonl'Ht·rp.v. and (2) lip.hr tuFr·. are sYIIIlll~tric lot· higL e11crg_,. b1111d (l,.,n~ 

11.1. APPLTC.\TJOX TO TllE OD ERUTIOS--\L D_\T.\ 

«: Ins). whik tit(' ~}'IIIIUetr)· hn•iik~ d0\\'11 in lh lo\\'l'r ('ltC'l'~.\' (I""'' ~ '"' ). lmllt or\\ hidt 

are C'xac-tl_,. tonsi~IPlll with tht• ob~ ·n·ationaJ dHta (Fig.ure t0.2. ~ :-.2.:3: 1! .2.:3). 

Spcrlral e1·o lu tionb during lite' flat\' i~ mo~t ('Onwui1•Jllly .. xpn·s.-.·d a~ a lra<"k pall ern 

ill the !lux Yersus pl10ton inclc•x plan<'. This PXJIH'&~inn is c·qni,·n]Pnt to llll• ]liltl(•rns of 

lite brightness \'c•rsus h;H:dnes~. whidt w;\s int r diH'l·d in ~ 1.2. I. Fignn· 11.:2.) (l'lfJhl) 

show. ,·arinhiLity p;tltc·ms i11 various X-ra~· euergy bawls. 

clockwise-loop ill all energy-lmlt(IH. 

3 
Tltne (LD R/c) 

100 bV 
1 keV 
0,6 keY 
0.1 keV 
0.01 keV 
opUc:aJ 

-0.06 

i j - 1.00 

~ _,_ .. 
~ 

- 1.10 

0111' C'llll H'l' fiH' iUtOllint] 

IF .. -\. .. , - .-··-

\v· ............ -···;/'.-+---

0. 1-0.6 'keV -
0.15-2.6 keV -·· 
12.11-82.5'-..v-

Fip,1Ire j 1.2:>: Sill llll atiou of a lJarr iu whidJ clcc:truu iuj(·t•t iou II4Jl'll1Hii.r.atinu dtiut~NI h.\' H r~u·tur of 

10 for lrr. E!t·elrou~ arl' a'·t~UIJJ'd lO he iujl'(.'l('(] iu:.t<UJUtm•otl:.,)y IIJ• to ~. 1111.,. hfl : Light t· •tn~·.., 1Jf 

S}"IICiirotrOll t'OHIJH.Hit'llt iu \·ariou~ l'lil.'rt:;.Y bawls. riyhf : \ <LriahiJit.r patt<.'I' IIS ill tit(• flux H'r.-;11 ... piJOllJU 

iudt·x plaue. whk!J fl'JH'<''Ot:'Ut:-. lht· ~JH•c·tral • ·,·oluHou~ iu variou~ tiH'I'~~ IHIIHb. Ou<· t•lll s('e llll' c·anouic·al 

dotkwi~l1-loop in :d l enerp;y- lmud~. 

Acceleration of E lectrons up to ''""' 

\\'t• ucxl <·on~idrr theca~" in wltic!J fl·<·Hh ckclr<•ns ;u·<' llt(>tJo-c·uc·g<•tindlv iuj~etNI at 

for 0 <I <I,,.,. aud suhR('(IUCIItly ac-c·p]Nalcd up lo /rna.•· An·r·lc·rat ion lim<· of llie <'L<·ct ron~ 

an· assumed to b<' lacr = 8.0x ]()~ (. rc) in thr ,.OiltW• ftalltt' . Fot lite· sse pnrnntr•tr·r~ or 

\ Irk -121 m,sumed b~rc (Table· ll.l ). CIIITeJit 1·aluc of 1 ... , is mugltl.1· c'<Jual willt lh<· eouling 

Li111f' at~ 1 kc\·. Thus thi~ PXJcl!l]JI<• llt'1.\' corr~>spond to tlw ca~t· ill whir·h lh" uwgurtic 

field iu tit<' ;wr·<'IC'raling n•gion is almost eqaual to Ilia! i11 llw Ptctissiull wgioct. 

Fi ure ll.2G (it? fl) shows I ht• ligltt r·uJTCf< of synehrol ron c·omp<Jllf'lll in ntri(>ll~ <'11<'~"1\Y 

hands. 'lear diH'r>renef'S c·an be St't'll fruut lhf' prr\·iou;, c'>1~c>: ( 1) start time of t ht• llarf' is 

diH'ercnl in 1·arious energy lmnrls_ and (2) l'<'r)· lit tiP limc•-lag& an• nhsc•rwd i11 the:' X-rny 

f'll rgv b~uds. \ Ion· prC'ri~f'ly bp<'~killR. the pL'ak titllf' of till' thm· is ra~tt'SI iu tiP AS 'tl 



22' CH.-\PTER I I. Tl.\JE-DEPESDE.YT SSC .\ IODEL 

<'ll{'l'f\1' hand 10.0-1 k<o\'), wililr· iu oilt<'f waw·IPngtl". pPak-t imc IYill 1,(' lagg<'<l hdtind 

that iu th<· AS'CA hand. R<•markahlv. linn! X-ra1· ( 100 kf'\') I'<Uiation also lags. shm1·iug 

llw ·ll,rd loq' h<'IJm·iour. 

Thi" is lllOl'<' dPary sr><'n iu tiiP flux wrsns plwton ind<•x plane (F ignn• 11.2G: ri_q!Jt). 

In 1 h1• hard ..\-ra.\' nwrgY hands. YnriahililY p<ltlf'rns track a loop in oppo~itr· dirf'rl ion. 

rhara<·l<•ri7.<'d with rlltli-dorkwisP mol ion. Thr possibk pat! nt~ in ·clockwise· hyslerisis 

ll'<'rt' first diM'll"-'<'1 1 hy Kirk. Ri<'ger ,\: :\ lastil'hiadis ( l008). ThC',I' argued thM fur til<• 

lmn·r <·tl<'l'l\.1' baud ll'hNc lcool ).)> fan·· l'a riahility pai!Nll i.'> al11·a.1·. H cauonica l dockwist• 

loop. whik ;~rr•uu<l lhr utaximum euNg_l' <>f <' iectrons, oo/i-dockwisf' pattNn ('Ould bp 

ni>SPt'l'<'d hrrattsE' lrnol ~ Ia« · Tints 0\lr sitnulation is rnusi,tE'ut with their rcsnlts. Til<· 

lmlaun• of wj I lng <Itt<' to the rndiatil't' cooling ami ilrtrd-lag from tlH' acceleration proc<•ss 

dt•tr·nniiH'~ wlwt h<·t clockwise 1>1' ooli-cl ckwisc loop i. ntuinl~· obsen 'C'Li. 

4 
Tlm111 (in R/c) 

100 keV 
71ceV 
0 .5 keV 
0.1 keV 
0.01 keV 
opUcel 

-D .~& 

i 
' 
~ 
~ 
~ - 1.06 
~ 

- 1.10 

NormeUzed nu:.: 

FiRt ll'(' ] 1.2G: Siu1nlatio.11 of" fl ~u·p iH wiJi<:lt ""'c..'II'OH itlj~·t liou lttli' Jua.liz<Hion d1au~;t·d hr a fan or of 

10 for 1 ,. 1~. Ch:dr.-JUS :n·1· <b .... UIJH·d to be iujtnt·d Ht j 11u11 , a 11<l an·t•l(•nl.led up to fmax wit h a. eou:,I;Utt 

!';II(' or '" ~'4" = 8.0x 1() 1 M'C iu t!H' !->OIIrf'(' lhllll('. left : Lip, ltt CU lT\'~ of tlo,\'H d n·ot rou tul upOILf'Ut iu \'ariOUI'> 

t'l\l'l"b"':\' lt;nuls. l'i!Jht : \ 'cu·iabilit,\' p:tlH'T'Ll:-i iu tlw tlu x \'t•rsns photon iudC'X plauc..•. wlikh n' prt·~<.·llls tlw 

~IH'Hral ~·,·ululiou~ iu \ariou:-. t ta<·rgy lmml:... Om• t•cm ::i l' f.' t lu: n.mouit:al tlotkwi')t-loop in h.n'· t.·nt·I')~.Y 

haud:, (O.J-0.5 kt• \ ' ;tud 0.5-:!.J k1·\ ·). whik 111/ll .'ltJCI I fllllt · du("kwi::.c loop <:au lJt ~eeu iu dL (' lli ~lH'-,t 

X-ray l' lu:rt;.\ ho.LIIIi'> (12.5-G2.;j kt•\ .). 

E lcctrou Inj ect ion Louger them I"' 

Final ••x;tmpk is wh<•n· t IH· Ji···~li l'i<'<·trou~ an· iu.<,l<ullnn<'OtL<.Iy i11je ted .i.uro th<' t>mis:;ion 

1'(')\ion ttp lo 'max li>r :~ !,."' Only clill'cr<"JtC(' rrom till' tirst ('i\Se of F igu r<' 11.20 io tit<' 

dmat ioo or tla• llat(', ll'hiclt 1\'1\1- ,l't to h /,,., in tiH> Pt'l'l'inus n\Sf . Figurl' ll.2/ (left) 

11.1. APPLTC.\T/0.\' TO THE Ol3 'ERUT/OX.\L OAT. \ 

bows the· light Clli'I'L's of syllt·hwtrrm t't>lltiH>IH'Ill iu \'arirnb l'lll'rl\.1' lm1Hb. Om· •·;u 1 Sl'<· n 

plof<rllr i.It the· high <'ttt•rgl· lip,ltt run· .. Ill thr l<m l'llt•rp,1· lmHcl ( l ' \ ' alld opti<·<~l). ,ttrh 

. trurlnr<' iu time profile is amiJigll<•us. lk:tllM' thr· riM'·Iillt<' of a flan· iiM·ll· is hrl!<'r th:tn 

3 In,. lutPrc·stingll·. hllch a plolruu. although not :ts rolllJtH>ll , ha~ l•<'<'ll ui>wl'l'l•d f,n· ;\Irk 

-121 duri llg 1008 r·<tlltpaigll (~t> , li 10.2: fi).(UIT 10.;)) .. ·\ pla!P>tll nptwar' onh· ll'hl'n tit <' 

durat ion uf '\ ·hall ,,. itt df'drou in.i<'t l imt Umi) is largt'r than I, •. IiiilS t•ttonglt t illt>' j, 

allowrd for eledrow.jpltotow; to rr·al'h a UC'\1' t·qttilil>rilllll slat<•. 

Spectral cvolut ion dnring lbe flar is lllOhl t'onwrtiuntll· t'Xpl'l'"-"'d a~ a track pat l<'lll 

in tbe £lux ,·e r~u~ pltololl illd(•X plane (Figure 1 1.21) . . -\H 1\'()S t II(• (ll'('l'it>U5 l'<lhl' or I;,; = 

I c.,. canonical doC'kwi <'-loops cau he ~C'l'll in all erwrg1·-h~ ud s. 

>0,-------~--------r-------~--------, 

In: IOQ 

100 kaV 
7 kaY 
0.5 keV 
D. l keY 

0.01 keV 
a plical 

·.L-------~--------~4 --------~------_J 
Tim• {ln R/c) 

-O.!Ki 

- 1. 10 0.~-2.~ kaV 
12.6--tl~.& hV 

4 
Normallre<l fhu 

Figur l1. 27: SiliLnlutiou of a lli..trP iu wld.-!l t•let·trou inj( ·••ti<IIL uorJ ua liJ<Hio u 1 IL itH!;~"d l1y ;, (;u-tor of 10 

for 3 It•·~· Ell'rt rous an• iJL .'!l<UitaJH:outi l.Y iujt·t·l<·d at '"'lm•n· lt/1: Ligl11 'II ITt'S of 1'>.\' UdlnJfl'iliL ('IJLUpt>u~' IL I iu 

\'<U'iOUS ('IJI' l' j.!;)' hawJs. riy ft1: \'~Hia.biJit.y p;tttt.·ru~ ill liH• rJu x \' l'I~II :S pl10to11 iuflex p )H!Lt', W)Li t'IL n'JJI't•st• ll l~ 

tiH: sp<.·t:rntl <'Vohll iou iu Yariuns t u (_·q~-y bc.m<.l.:-.. 0Hl' (';til -.,(·<· tlw t'lLIHJuind II!Ji'kwi;..f· · IIJOf' i11 all ~'lil'rg}' 

!muds (O. l -0.5 kl' \ ' <llld 0.5-2.5 k<· \ '). 

11.7.5 Modeling Mrk 501 Flare 

~ext 1\'0 mod I ihe Haring IJ>!ta1·iours in :\I rk 001. lu ~illtililrit.l' to tit<' r~sP 01' :- Irk 121 . 

II'(' considered l'arions typPs or IJar<· . ralh<'r tl1an focusiul!- Oil ~0l t w Jliltl icnla~ flan·s 11·1tidt 

han• been obst· tT~d. Our pn·,·ious di.snrs~ion suggest tlt><l till' flarr • of :\Irk :oJ i~ mo~tl~, 

dttt' to the citallf!,PS iu "'"' M Wl'li as tlw spettntl hardeniug duriJtf> tlw flan· (i>t'P, II lll.J). 

ln Fi)l;m > ll.2 (left). wt• show tIt" tim<' c1·olnt ion oOI1 k .j(J [ JJiltlti-fn·qnuc,v spcr· t ntJJI 

dming a l'iug}p fi<ll'f' ('\'~Ill. \\'(' I:ISSllllle 1ma' chilJt)l. d ],y far·! or 20 r- ...... = Gx lll'') frutu 

tltP 4tti('sceut slillt· aud lltP df'ctron injN·ti(lll srwrtntulitHnlr•us fi ·tH!J ·' = 1.8 to 1.2. Tit<' 
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alllplilndr•s vf ntriatiou in varions 'IIPrp,_v b;llld!; arr· qnalitatin:ly in agreen1ent with the 

oh~~~n·:tt in1t. 

. · . 

l 
/~ 

/ 
l , .. ,, . 

·~~--------------------------~_, 

100 

.. 
,, 

I \ 
I I 

I \ 
I I 

I 
I 
I 
I 

Tlme {l.n R/c) 

2-IObV-
0.1 - IIuoV ­
opUca.l 
nd!o 
i•Y7 
c.v, 

Fi~lJI'c' j I .2 : It} I: EYulutiou of tli1..· wulti -rn•<JtH.'li<'Y sJH.Ttra. of ~hk 50l lu the Uariug ~ t<Ltt·~. ,.;ght: 

Plot of 1lw Uux at \'ill'iou:. fn.•qucuh.ts (u<n·uw.lia·d lo iu:i ~t11i(•:-.rcul \ralut) for til' ~Jrk 501 liar<·. D11riu~ 

the· tlan·. lwrd l'lt•ctron popuhttion {.1.1 = 1.~) with t!tt· tmLxiunuu Lorcutz fa<·tror o[ -lu·mx = Ox L0° rm.• 

iuj~<df'd for 1111J = ln ... 

11.7.6 nified Pictme of Rapid Variability in Te V Blazars 

Fro111 the :\-rn~· oiN•rntliuus of Te\ · hl:t'lars, wr• haYc suggested in ~ 10 !hat the rapid 

,·ariahilit~· Cl"\'nts nhM·nwl in blazar~ an: well chara ·t.Nizrd by~ dyuamical SC<llc·s: ;H·t·d­

l'rillion tint<': l ace· cooling time: 1,.,.,,. SOU ITC lighi lraH•l ti111e: / <••· and elcelron injcct iou 

tiutc•: l tu.i· !11 lhi~ cl1apkr. W<' h>lY ,·onlirllll'cl this S<·c•nario based on <l newly dcvcl<>pt'Cl 

tiuw-drp<'nd<•ui . SC' lllO<[Pl. Air hough I he real sit nation may b wuch more complkalcrl 

tha11 \\"<' liil\"1' i111agincd. l luN' rlynamical tinH· sea l s ~honlcl play imporrant role~ to spr('i l\ 

tiuJ<' 1'<ti;~hili1y in hlazars. \\·r a,.<.snnJr·rl h~r<' 1hat lhC' clt'r:trou escape lime (1,.,,) is alway& 

l<•ugn than /,.001 . \'otr. hfnn·Y<•r, that if tlli~ relation is not eon·cct. i.e .. lc .. >OI > t,,,c· wr 

haw· to n·pl<H'<' 1,,.01 to/,~,. l>e~an~<· '"'C'"]lC' iR morr cffi<'i<'nl I han cooliHg process. 

As a "1n11nar.\·. \H' gin· a unilil'rl pi('[ urc of rapid ,·ariabilily considPriug I he hal an.,. 

,,[ I dn,amil'al tinw sntk~. Possil lC' 2·1 (I!) pattNus ;HI' re<hwC'd to 12 patt<•ms hy two 

ph,·~ir·al t nslraints: (ilia« must he shorter tl.1a11 1,.,.,, i><' '<1\lRC I11agnciic ficl1l .>l rt·ugt h in 

t lit' ,ho<·k,·d r !-(inn \\·otild lw strollg<•r or l'([Ua l lo that in 1 ht' emitting n•giou ( D ::; D, ). 

(ii) /; 11 ; must loP long('!' \hiln >ource light Lrm·f•llillllo' heeause the parlicl· injection pron'>' 

itsl'lf slwuld IHk • (al lc-<ts!) ~ !l(c 10 iullt!C'IIl'C lhC' whole' (•mission r g,ion. 

lu Fig•~re 11.20 alJ!l J l.:JO. \\'<:' ilh1htrat<• 1 h<' ld/()lcrd tiuH' prolilc5 whid1 !'ani •e (JI,scn·rrl 
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in hlazars. For simplicily. \\'f' ti»SiliiH' a ·J.ox-,]utprd' (stt·p ruul'liou like) iujp<·tion prolilr· 

which l<l"ts /;11j· Of t'fJIIIN'. the injt·rtion pwfi]P il,.<'lf lila\· .-;ny in 1 ill It': !J0\\'1'\'Pr. 1 his 

approximation i~> corrc·<'l as I on~;<\., /ioj ~ 1m. si.tl<'t' mon• l<l(llll chaugps in injt'l'linll ( <. 

1,,.,) are 1111plau ibk from c;~w,nlit,v. Thu& resnlis pr<'s<•fll(•d lu•r<' 1\'illlw nll'Pclt•d onlY wll!'n 

l;,j i;, much largrr than I"' Hml Yarinbk 011 long<'!' tilllr "'"'"· 

For Px;unpb. ·,oft lag' tlarcs oh!>rrn'd fnr Pf~S :21.),)-:lO I in 1!)0"1 .\fay (lj Fignn• 10.2) 

correspond to lhe l'<be (7). bc<·aiiM' tllt· llarr "'''~ n•ry Wlllllll'lrir· Hnd twak tinll' uf tilt' 

Hare ,how, til<' ·soft- la g, · beh;winur. :\ pfolcrw-likt• llarP ol"<·n·c·d li>l' .\ Irk "121 ill J!)!J 

(F igm c Ul.:J) is tlw casr• ( 12). \\·hik l111rd lag flarl' com·~pconds lo (G). \ "ariahilil _,- pnllt'rns 

which arc Ii,.,red hrrr b111 haw· not hi'('U ohscJYed. remain<'~ ns a ·honw\\'ork' in the l'ntnn• 

obseJYalions. Inl<'n'sl ingh·. IH' pn•dir·t all t~·Jws oft]"' fl~n·s arc· dtGrarll'ritPd h_,. rapid rb<' 

<llld gradual -decay, or near]~· eqnal rbe and rlel'a.'·· Flan·s in IJ(>]H>~ile "''II~''· i.<' .. gnul nal 

rise '"'d rapid dcca.'·· 11·ill be p<>bbih!C' on]_,. wlwn thr dnralion or th!' llan· is mur·lr lalf!.t'r 

titan 1m and injPdion t'\"<'llt itbdf has such prculiar li.uw profilf'. 
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(1) tacc "-' tcool ;:: 1inj ;:: tcrs 

triang le 
symmetric 
hard lag 

(2) tcool > lace ~ tinj ~ tcrs 
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asymmetric 
soft lag 

(3) lcool > tcrs "-' tinj > lace 
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soft lag 
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plateau 
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soft lag 

(5) tcool > tinj > tcrs > tacc 
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(6) tcrs "-' tinj > tacc "-' 1cool 
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hard lag 

Figu rc 1 l.2D: 
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(7) tcrs "-' t inj ~ tcool > lace 

triangle 
symmetric 
soft lag 

(8) tinj > lace "-' tcool ~ tcrs 

plateau 
symmetric 
hard lag 

(9) tinj > tcool > tacc > tcrs 

plateau 
asymmetric 
soft lag 

plateau 
asymmetric 
soft lag 

(11) t inj > tcrs > lace "-' tcool 

plateau 
symmetric 
hard lag 

(12) tinj > tcrs > tcool > 1acc 

plateau 
symmetric 
soft lag 

~:~-.-

1crs ; tcrs 

lthj t 
~ ......... ;:~ 
lace ; ' lcool 

Figure 11.30: lluifit·d pic-t ur(' of rapid \'(triahiUty iu hla_tar... .\II tJw ''•lri•lbilit)· lJillb·ru-. art- wtoll 

<.>xplaiut:d by tlte t·ouJhiuatiou of ~I dyuuw..ical tiaw :,t,:alt-s. Tlw• .. t · iln·: H('f'l'h·r~u iou riuw: lore· t t,uJiu~ 

ti111C': t l'olll· ~oun·<· light traV(•l riwe : l rrs · am.! d<·tlrOII iujt.•(' liou tiuw : t 1111. For ~i ruplkity. wt• (UI~utuPd 

lwrc• t i ~<H t li f' f' h:rtruu ('M.'<L)Jf' tiulf' {l •. ~c) j ., alway~ loug"r l11<u1 l rn .. l· ?\or•• Jwwt•\'t·r that. if tltt · n ·latiuu ih 

uut f 'OITf'(.' l , i.<' .. t i:''l•)l > ' ~·--t·· wr- hcH·r· to r(•p lacc l r~.o•JI iu t)l(' fi s;un· w f . ... r IJ• ·t·<-tll"l'' t ·~f~C'\P'' b JllOn pfli r it•lll 

th(LU I'OOlillg pi'Ol '('")"i, 

.. ~ -
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Chapter 12 

Conclusion 

\ \ 'e stndiPd t lw rapid variahilil,. and spt•rt rall'n>iul iuu of li>tn TP\ . hlazars ol"rn·Nl with 

the ASCA and !? XTE sal<'llites. Tht•se ohSN"i\1 iou~ pw,·iclt- t he• hight·~t qu;lliiy l'<JW<'I raJ 

iuforma tiou as IH•ll a~ light CtuTes in the X-ra~- C'J I <'rg~· raJJ!',<' of ll./- 20 ke\·. Siuee 1 he• 

spectral eaer!P· dislribttl iou sp~nniug OI'Pr a ,.,,r,· 11·irle <' u<'rgy rnuw• <lilt! large•· amplillldc• 

I ime v;u·iahilily arc mark('d fC'~lttn' (If hlarars. I h sr· 'OliiT('' ll'<'re eo111 <'mpor:JIIe·ousl .l· 

bseJTed in 1·arious cJwrgies. including '\', X: -r~y. Gc\' 1111d Te\· ->- ray hand~. \\'l' r·ou­

duc-ted a nnmher of multi-frequt•nt.l' e<llllpHi •ns for llw TP\. bla'lars. !J1 pm-lir·uhu, our 

ohseiTations of .\ Irk -121 aud }.Jrk jQl in both X-rn.1· and TrY 'j-1'11,1' IJ;l nds prm·iclc· th .. 

fir. t tru ly simullaueous data in 1·arious phasc·s of sourc·c• acti1·ity. Fmtn lhc· ~lurh· of thr• 

time-depend nt spe lral evolution based on tlw largr·st sam plc·' <>f X-rny/C:r>\ '/Tc\ ' --,- ra.v 

dala , we disco,· red followin g nwjor result . : 

(1) The OYc:>rall spectra of all Tc\ ' bl;tz;u·., fonn two distinrl p 'itk~ iu the f/L(l/) rt'p­

rcsculatiou. \\'(' rleteC'il'cl <li.HI rlelf'l'mined Ill!· posiiicm of the JW~k of I liP Jowc·r c·uc·rgy 

Sl'ncluotron c-ompoucnl in ll i(' X-rAy nrrgy IJ:u td rc.r !'Ill Tc·\' ' •lazars: l!ti ' posit iou i~ 

dear!~- li.tltE'-I'<Iriablc. Clea r correlations wc·re found hc·tW<'<'II penk !'lll'rf!;:V ( E1,) aud !J<'•tk 

lun1iuosily (Lr,) for both }.Irk -121 and }.Irk jfJl. Tlte rrlatio11s illl' E:1, L~·' fnr .\Irk -121 

anrl Ep r.,;-~> lor .\Irk .jf)l. .\ Irk 421 showed \'l'IT nllJ:-t!l dwnw·~ ill tltr• peak pobitiou , 

while .\ Irk 301 showN! the largP~t shift c·1-cr ohr,•tTe•d iu blazar~. 

(2) Fro111 lh<' truly simultmteou' dat a. wr found tl utt \'Hriahilil\· in tlw X-nn· aurl Tt•\ ' 

-1-r;l_l' bands is well rorrrlaled on time• sc·ale of a clav tn ,·ear,, iwlir:uiug that tit ~> S<U JlC' 

spatial rPgiou and I]J(' sa mr pctpulaliou of n•lflliYistic c>k·rtwn~ arP r<'sponsiblr- fr>r lh t> 

~'missio 11 in bot h bM1ds . The amplit ucJ,. of flux V<triahilily WM> rompar!lhlc• iu X-ray and 

TPV "t· rav bands for }. Irk 421 ([X-nt.l' !lnx] 'X [Tc· \ ' ftuxJ). while· qu~dr11tir fen· .\ Irk ;)OJ 

([ .\:-ray fltL'{ ]2 [Tr \ ' fiux)l. 

23.J 
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Clr·~t rorn·hliron of Ep ll' ilh Lp.lonnd in 'drk 121 anrl :\ Irk ::il)L bllg)!,•'~ls that gPII r;d 

chnrlrl'ir'rbl ir·~ tJf tlw flariu~ lwha1·ior arc rcpeat>1.1Jl" in tltc~l' oiJjerts. \Ye argue that lhe 

difrf'reul prv]wrtir·' of ~JlC'Ctral f'H>Intioll oiJsctT\'d iu '\Irk -121 and .\Irk :)01 arr• due loa 

varif'l\" flf dHutgr ·~ ill pll1·siea1 quautities duriug the rlare. Data for '\lrk -121 imlicalf' lltat 

tltt· Hnx 1·arial•ility is m,svcialcd with au iucrr·a . .,C' in the number of ckttronb, while only 

~lnllll rltallg<c'- arc• implir·d in tiJ<LXimnm Lorf'ulz [;1ctor of elc ·lrons (ima,l· On lh!" otlwr 

ltant!. t}w Jlm·p or :\ Irk j()[ i~ IilORll.1· dut• I<J t}l(' };u-gc chang<•S in /max witiJI' keepiltg f.lw 

t'lc•t·t rou Illllnlwr almohl WIIH!'l"l'i1lin• . .-\.ltL(I\!gh ditfercm origins of II ares prod.uce quite 

dilf<·ul ;,pr- lral IJC'IHtl·im. iu hollt cas<'s. IIi<' data arc cousist(•ii l with the synch rolrou 

~df-Complolt (SS ") ~c<•uaJin OJWrating dose to tbt' hiPin-"'isltiaa regim~. 

Our nunl,·sis. has .. rl <Ill 1 lw X-rnv spe ·tral c,·oh tlion , lll!,~r~ls WrT importm1l implica­

lit>u' for intPma!jPI strur·rure or :\Irk -121 and .\Irk .JOL .-\C\·ording to llw r<•Cf'JI L \l~DJ 

()h~t·n·ationo. suprrltuninal uJ o(i(m~ have be('u dt'lecled on]_,. for .\Irk 301. 11·hilt• subhr-

11tiual motions " 'en· impLicd for :\Irk ~21. OnJ.~· a small shift or tltf' synchrotron peak 

plr~rn·cd i11 \ Irk -121 indir·atc·s tltal elect.rou cl uri" fill the j('l. whilE> the filling factor uf 

tit<· dL>IJd; iu tbr· jt•t of \Irk .J01 appenrs to i>J • much lo11-cr. Durin lire flare of .\ Irk 421. 

kiu<>tic p01wr of tit<· Hbock (ll"ltich is pre. ttm,Jbly r •,poll. ill€' for tlte aceelemlion of the 

radial iug p<tr\ icf<'s) causes ron ldy equal distrihuliou of C'Hcrgy lo larg<' number of lo\\'­

t•ut·rg_l' clrdrnJis u<:wly iJt.i ctcrl into Lhr shock: th i iucrenses th<' numhcr or hig!J energy 

<>lr-errons. Large· shifts f liH· syudtrotron p~ak obsern·cl i11 \ Irk 001. Oll the ol lwr hallcl. 

arc pubsiblf' oHiy wlwu I IJ<' internal j l eu ounters a lll('diun! that i. rath<'r sparse and 

trausparl'ul In the shock pnopagalion. 1\inctic power of tlu~ shock is speul to inueo.se 

llw ('llt•rgics or indil"i Ina! elrctrOllb and hr·un• /l(llllh{'f"-CV/18CIT(!/it•e. Thre HbSPnce or su­

JWrln JIIill:tl IJJuliou 11" :\lrk cl21 iu tire radio l><tud imlicalr<> that the lti~h euer _,.outflow 

Ita~ li<'~JJ snrricil'nlly dccderat('(J whf' n it rNwltc•s to rnorP cli~tant. radio emirting region. 

Frotn llw st ttdy or 1 i111t' ,·arialrility iu lh<' :X- ray baud. we rouml follo11·ing major r-~ults: 

(3) Unpr('<"t'dt•JJtrd long obse!Tations f \lrk -1-21 and Pl\:S 21::i.J-:10.J. rrwalcd daY­

b''-day flan·s rrom l i\ " lo ltMd X-rH)'S. and Tr>\ ' ') -ray hamk Stru.d urP runctiou of the 

:\- ray 1 inw ~c·ri<'O in Tc•\' bla7ars sltn11·ed a roll-m·er al ~ I day. "·hiclt is interpreted as a 

dtaraclL'rif>lir- tim•· brale of a singlt• llar<' l'Wttf. 011 >1 shorlc·r tinw srall's. rapid variability 

is ~I r(JII 'I.r 'uppre~s(·(L inrpl_,·inp, ·~t r II n·d-uoiH' J'l>IYC'r ~pet(rulll clr·nsit_l" (- ' .r-2 ~ r :I). 
This is ciNtrly difler('nt front lit<' rr~ ults ohtaiw·d in Seyfert f\al<Dlirs l1l" G<11Hdi · 131ack 

Ht•le '.\""Ienis wit("<' rnpi I t i1l1c· variability i" w<'U r pr<',<'lltcd h1· a fracl al. J:lidr-•riug noise 

("\.I I~ I 2). 

(-1) / -day nniterruptNl t>i>~<'rYal ic>n of ~Irk 121 n•,-,.alt'd that I be lags nf rime rariabilit .r 

237 

in ntrious X-ra.1· rU0rf\.T hand& \\"Pre rt'lat in•I.1· s!llal! t·nmp;m•d ll> ilt<N' li>ttud irt pn•vion~ 

obsPrnttioJ!f>. Dc•taiiNI tempt~ral analy~i:-. . It\>wed tlwl liu11·- lng~ chmtptd liar hy finn•. 

lmportaully. we found a signnlure of ·hard-Ing' lwiHll"ior. wlrt•rr· ,oft .'\-r<1y nuialio 11 •• 

prec dec/thos(' in tit<' hard X-ray hnJJLI. 

(.J) \\" dctect~d <I geucral trend thai lhf' antplilllclf' nf" YnriaiJi}iJy fll'Cillli(' lnrgN <II 

iucreasing photon encxgy. Hnll"l"<'r in ,·omt' lian'&. ,·ari<rhilill' ut lnw r t'JWrgy band was 

lm·ger or c:omparRhle lu lhal iu t hr higlt<'r en erg_,. !Jan d. 

(G) Tu11e protiles of in<Ji,iclual tiare events WNP alnwst s_Yllllilf'lrir . whielt i.- .-ltnrartf'r· 

ized by a nearly equal ris -- timC' tutd decay-t ime. lillportan\ly. llti~ titJu·-~ntle wm. lunp,rr 

than the syn ·lnotron cool ing lime for X-ra,· l'lllit:l ing PIP<' I ron ~. From lit<' dr•tailed aual­

ysi~ , we dil<covPred that the symmel ry or the Lim profil" lc•nds to l,rC'Hk down at Inwrr 

energies. 

The nbst·Hc' of rapid ,·aJiability oJt time sc>tks ~horter titan :"0 l da.1· iurplir•s t hnt 

th~ X-ray r?miss i II ::;itc is located~ 10 1' - 18 
("llJ (~ 100 n.) l'roiJI tlw bn.<r' vf t it (' jl'l. 

ln this region, high Cli<'If\Y t'lcclrous !use their energy h_v radiativ<' (\I"Itdtrolron/in,·rrsP 

Compt n) tooling procesH,.S. bnt th<' current p«radigm is iHsnfli.c-iL'll i In nndr·r~l<rnd ni l 

observational properties obtai rlf'd in this thesis. Our rrsulls on dilfPreul ~ign vrlngs in tl1<' 

light cun·e of '\Irk 421 cau l e explainrd ir we· lak th C'lr,·ct f rkol"lnlJI <ttcdPr<tliou iutu 

a count. 1\"e coutirnwd lltat usna{ ·soft-lag· pallNn is (lhserwd wftc·n lit<" acr-Pir··ratiou 

Lime or ckctwn~ i .. mudJ shorter 1 It an th cooling t imc•. 11·hi lr • ·hard-lag· cnn IJ(' dt•fl'clcrl 

whru t he acceleratioHtim ofdPdT us is almost rq1wl lo lllf'ircoolin \iiJI(' . Sudr opp<>silr 

seuse of lag is ('xpeclecl onl.v if tli<• lect ron cuergy is dm.e lo ' "'"'' 1dti<"l1 cmTe~pun<b to 

the X-ray euerg~r band in the plwlo11 sp;1r<:'. 

S.nnmetr~· of til!' time profilt>s reu Is to break down in llw low<'r en<'rgy bauds !Jpeau'" 

coolin& time b<'comcs longer than the> light lnt1·el 1 inw acros; 1 !tP ~Ott IT<'. Tl1 is rr·~ttllb i11 

<Ul asymmet rical time profile wl1erc thr der·ay- tiu1c is l ou~t·r thau lhr ri"'-1 inw. \\'" ~rguc 

that .J dynamical Lime scalrs Jnust bt' cousirl!'rcd prop<'rly. These arr· (i) aN·c>lrration tiuJ<• 

(lace), (ii) cooling time (tc00J) . (iii) Rotu·ce ligl•llnr~·E·Iliuw (In,) , illld ( i1· ) d<· lma iujedirm 

tinw (f;ujl· \Ve s uggc&t ll1at a ll the l"<txiahilily pattC>ms r·tttTt•ull.'· kunwu for !Jiazars are 

11·elJ unckrRlnod b_,. tl.w baliWC"E' of tltc·6e l)·n;uuitaltiiilf' . raiP~. 

B.1· c nsidcring hoth tltc spectral ••nergy distribution ami tlr<' lin1ils lhnn X-ray lint<' 

rarinbi lil y. II"<' surccssfullr place onslraints 011 Ill phrsir;d qurutlitiPl> rPir·,·nnJ Ji.Il till' 

01· rail eleclnnnagnclir c·mi. s iou frout Tc·\' lrla..:;u . Ba&('(l nn tlw syudtrol ron sdf-Compto11 

(SSC) scemu"io. we fottJJd that tii<' physical panttn<'trrs :en• siwilar <tll JC>ll~ tho:.r- ohje<·t~>. 

wlL<:'H' the m~gnelic [i(·ld st r<·Jl' lh IJ = D.l-D.-1 Gan5s, hemniug farlor h = 10--ID. region 



:z:J CH.-\PTER 12. OSCLL. 10.\ 

~in• R = w-:1-10 ~ pc and maximum Lorentz [;\<' tor of <'ledroJJs '•na.< = -:ix l0·1- -l x](f' 

for rh .. quics '('lll :;ta tP. 

To NJllfirm om knnwl<•dgP of SJ>'dnt! emlu t ion a nd ra pid vaTiabi!ity in blazar~ more 

f]l/1111/i/a/ll'c/.IJ. \\'('haW' devdop<'d a Jl('\1' tiJll(•-dep nd!•Ut SSC IHOdeJ. jJl(·Orporntiug the 

radiati\'f' coolin • and <Jr-re lcrRt ion proc s~ . as well as light travt'l tiiJJe etl'cct~ propcrl.v. \\'e 

~H C'e<·. s11llv mod eled r apid vari<thility and spectral ('volution of Te\' blaza r <L~~<mning the 

pu~·sind parantt•f t• rs r!c rin·d abo,·<·. 

Our pri'~C ni work place.~ a numb('!' of neu• obsen·at iona l r-on;,traints on th rapid 

tiiil<' \"llrinh ilit~·. illl!'mal jet &t rurt m c>, a nrl origin of the fhu·e mcchanislll lo r TC'\' ')-ray 

PIIIi tti ng i>hl zars . llow<'H'r, physi<·al lin ks to other blaz<lr cla%C'S. nch as LI3L and 0\Y 

qua~a r.. st ill n ·1nai n unsol\'ed. \\'e 11<·ed h t• tt er qu ality, ·outemporancous data over a 

widt• ra n~t' of obsr tTat ional baands. ''spccia ll~· in tlw hard :\ ray a nd 1 ra.'· rC'gimcs, to 

I etlcr unders tand dyuamics op <• raling in all bl, za r classt's. OIJsetTatious 1\·ith the next 

gew•ra tinn o f sa 1elli tes. l'ea turing iinprov<'cl SCil ti ili,·ity at lwrtl X rayfr ray <" ll rg i<·: . arr 

·xpC'rtC'd to bt·iu f( va !H<tblc inJorma tion . 

Appendix A 

RXTE Observation Log of TeV 

Blazars 

230 



2~0 

So urn• 

~ Irk 121 

. IPPE.YDL\ .I. R.YTB ODSERUTIO.Y LOG Of TE l . DUZ.\R 

T"hl • :\.1: RXTEl>bs<•rvatioulog of \ Irk 121 (1) 

()135-lD " 

r 103~~-o 1-35-110 

1' 103~5- IJl-.30- 00 

I' 103 l:i -01-31 00 

I' 10316-01--18-00 

1' 103~5-111--30- 1 11) 

p 1 034 5-0 1--10-00 

PI031;;-0l--11-00 

P J034fi-O 1- 12-00 

I' I 03-1-)-0 1-43-00 

l'lll3~5- lll -·14-00 

p 10345-0 1-46-00 

l' I 03-l;i-0 1--11-00 

T' 103 15-0 1.-•1 -110 

PL03~ ·3-0l -40-00 

PI 03 l:i-0 1·50-00 

P I(J:I-1-) ·0 1-GI -00 

1'103-1 ~-01-52-00 

PJ03 15-0I -5:J-OO 

I' 1!1345-01 -G-1-00 

p 103-15-01-5•) -00 

Slan (l'T) 

1()%.0-1.1() 02:()0 

!ODG.0-1.10 01:21 

190G.O l.l9 12:24 

10%.0-1.19 16:35 

IOOG.0"-19 W:51 

1006.0-1.21 0 1:16 

lQ%.0-1.21 0:1:16 

10%.04.21 00:06 

1096.0·1.21 1-1:58 

10!lG.O·l.21 2 1:25 

1990.0·1.22 1·1:02 

1()06.0-1.22 18: 13 

I 090.04.23 00:21 

19()6.05.03 04:13 

1996.05.03 10:06 

19%.05.03 13:19 

1906.()5. 04 00:50 

!906.05.0·1 03:58 

10()6.05.0-1 08:32 

1996.05.04 18:32 

l.'Hl345-IJ1-o6-IJO 1V06.05.0-I 2 1:38 

p 103-15-01 -57-00 1996.05.05 0-1:03 

1'103 1 ~-01 -5, -110 l9VG.03.05 10:08 

p 10:3 15-01 -()0-00 1906.05.05 13:2.1 

1"103•15-01 -Gt)-00 1!196.05.05 21::)3 

P 103-15-0l-GJ -no 199o.os.oo os:2 1 

Pll!3-15 0 1-62-00 1006.0;;.06 JO:O 

1'1031ii-OI 03-00 1996.05.061-1:51 

Plll3-lfi-Ot -GJ-00 IV%.05.06 23: 13 

1'1113-l:i-01 G:i-00 

P1031 5 01 -GG-110 

1'1 0315-0 1-61-011 

1' 10~ J; Ol-6 -00 

P1113-15-0l 6n 00 

1']()31:; 111 -70-0ll 

P t.O:J.t:; OJ 71 -011 

l' 1031:;-111 12 00 

I' 103-r; o 1 73-00 

I 996.05.01 05:20 

I OVG.03.0i I 0:03 

19()6.05.111 15:00 

1096.0:;.1)7 21:33 

J 996.05.0 06: 56 

19!16.05.08 13:3 1 

190G.05.0 I :1 0 

19%.05.08 23:0!1 

1996.05.09 IJ5:;j-1 

Eud (!TT) Exp. 

(k.•e") 

J0%.0-1.19 02:11 0.6(1 

1 996.0-1.1() 08: 06 2.304 

1006.0-l.l() I 2:36 1.901 

1996.0~.19 16:·16 0.62-1 

1996.0~ . 1() 20:01 0.5-H 

IOVG.O 1.21 01:·13 1.568 

!V06.0-l.21 05:2 0.612 

1096.0-1.21 00: 15 2.30-l 

1906.0-1.21 15:08 0.56 

190G.04.21 2 1::33 0.51() 

10%.0 1.22 14 :-18 2.136 

10()6.0-1.22 18:2-l 0.6-J 

19()6.04.23 00:3 0.624 

19%.05.03 04::31 l..JU 

10%.05.03 10:11 0.656 

1006.05.03 13:20 0.516 

1996.05.0-1 01:16 1.536 

10%.0.;.0.1 06:31 1.9 -1 

1996.05.0-1 08: 12 0.516 

woo.o;;.o-1 1 s:-12 o.s6 
1996.05.0 I 21:48 0. 576 

1996.05.03 04:·111 2.192 

1096.05.05 10: IS 0.5·1-1 

1096.05.05 13:-11 l. 2 

1096.05.05 21:53 1. 2 

1006.05.06 05:30 0. 54 I 

199G.OG.06 10:19 0.61 

1996.05.06 15:01 0 .60 

l9GG.05.0G 23:3-1 !.26-1 

19%. 05.01 115:31 n.G72 

199G.05.01 I 0:23 l. 1 -1 

I 996.05.07 15:00 11.;;2 

I 996.05.01 21 :5-I 1.232 

1996.0G.O 01:01 O.G,I 

I 990.0:>.118 13:-1.3 11.612 

10%.05.0, 1,: 2:) 0.152 

l9VG.05.0 23:31 1.66·1 

1D9G.05.09 06:20 1.552 

Dnt a ~ lode b 

5 1/ 2/GX1/GX.2 

Sl /S2/GX I / GX2 

51/S2(GX1/GX2 

Sl/ 2/GX1/G X2 

'l/52/GX1/GX2 

SI /52/GX1/GX2 

SI/52/GXI./GX2 

SI/S2/GX 1/G X2 

S1/S2/GX.l/CX2 

S1/52/GX I/ GX2 

S1/ S2/ GXl /G X2 

51/S2/GX 1/G X2 

S 1/S2/GX1/CX2 

S1/52/GX1/G";\2 

SI /52/G X1 /GX2 

S l /S2fG X1/G X2 

51/52/GX I /GX2 

5 I /52/G V.. 1 /GX2 

51/52/GX.l/ ,X.2 

51/52/GX1/GX2 

S I /52/GX 1/ G \.2 

S1f52/GX1/GX2 

51/52/GX I/ GX2 

S I /S2/G X1 / GX 2 

S 1/52/GXI / GX2 

5 1/S2/G X1 / GX.2 

S l /S2/GX i /GX2 

51/52/GX I I ,\.2 

S1/S2/G'U./GX2 

51/52/GX I/G X2 

81/52/GX 1/GX2 

Sl/S2/GX 1/G X2 

1/ 2/GXI/GX2 

S l / 2/GXl/G-".2 

. l/S2/GXI/GX2 

51/ 2/GX.1/G.'\2 

I/S2/GX I /GX2 

I /52/GX 1 /G'X2 

Som·t·c 

N;ut t<.' 

~ Lrk -121 

Table . \ .2: RXTEohht' rYation log of \ I rk 1::>1 (::>) 1 n11 t 111utcl 

OUS-ID " Start (L'T ) Ettd ( l 'T) l :,p. 

(k,····l 
PJ034 ~-0I - il -00 1VDG.fl5.119 ll ::iO 190G.05.09 12:01 O.uO$ 

P10345-01 -15 no 
P103-15- 01-ii-OO 

P10313-0 1-I -00 

!990.05.09 Ui:16 

1()96.05.10 06:00 

1090.0.).10 0 :3-l 

P103~5-01 - 10-00 19%.05.10 15:20 

P l0-145-01 -80 00 1()()0.(J.j.IO 21:12 

Pl03~ 5-0 1 - 1-00 IDDG.O:i.J 1 06:59 

1'10343-01- 2-00 1006.05.11 12:2·1 

Pl0345-0h 3-00 19()6.05.11 18:20 

P103-15-0l-8-1-00 

p 10345-01-85-00 

p 1.03·15-0 1-86-00 

Pl03-15-01 - 1-00 

P103,15-01 -88-00 

PI 03-15-01-80-00 

P103·15-0l-DO-OO 

P 103·15-01-Dl-00 

P1034 5-01-n2-00 

1096.05.11 21:32 

1996.05.12 OG:OO 

1V06.0G.12 1 1:57 

1996.05. 12 18: 19 

1990.05.12 1():5 

1996.o;,.l ~ 02:21 

1906.05.13 0 :3G 

19%.05.1:3 13:-10 

1006.05. 13 I :19 

1096.05. 09 l'i :28 () _f>, 8 

IV%.05. 10 0(\:10 o.:> ll 

1990.05.10 0, :-II 11.341 

1090.05. 10 1'>:38 1.11-1 

L096.0,j.I O 21::35 2.52~ 

1090.05. 11 01:119 0.56 

I !196.05.11 l t::ll 11.5-11 

109G.o;; .11 h:31 0.61 

1996. 0;). 11 22:111 1.606 

1906.0-1. 12 06:13 li .iJ6 

1906.0".12 I2:11< o.:;n2 

1990.05. 12 18:3 1 0.101 

1906. 115. 12 20: 1 1.168 

I 9DO.O:i.!3 112:31 O .. ;u 

1996.115.13 08:·10 0.608 

IV%.05.13 13:50 0.56 

19%.05. 13 18:3!) 0.9 11 

Pl03-15-01-93-00 1996.05. 1 I 03:2~ 1990.0:;. 1·1 0;):.35 0.56 

Pl03-l5-0l-94-00 1990.05. 1~ 0 :38 1090.05.14 1)8: I li .fJI6 

Pl03~5-01 - 05- 00 

p 103-15-01 -96-00 

P 103-15-0l -01-00 

P103~5-01-0 -00 

PI 03,15-01-01 - 10 

p 10345-0 1-02- lO 

P10345-01-03- IO 

p 103-15-0 1· 0-1- 1 0 

p 10345-01-05- 111 

Pl03.t5-01-06 10 

PHI31 5-0l-OI- 10 

Pl03-15-01 -08- l0 

p J 034 5-01-00-111 

P1031~01 -10-l0 

PI 03-1-i-0 1-11 - 10 

1()06.05.14 15: 16 

l!JOG.05. H 23:21 

I 996.05.15 06:03 

1()90.05. w 11:55 

1996.05. 15 15:3t1 

J 996.05.15 22:24 

I 9()6.05.1 6 08:5-1 

1090.05.16 12:00 

1006.05.16 J :11 

1096.05. 16 21:2 

1996.05.11 ()]:03 

1996.05.1 I 07:41 

I 096.05. 1 I !:3:55 

1991). 05. 1 I 22:26 

.IG%.05.18 05:39 

PI0345-0l - J2- 10 19()6.05.18 14:11-1 

PJ034 5-0I -1.3- 10 JVOG.fi!l.18 W:O!> 

Pl0.145-01 -15-10 19%.05. 10 01 :03 

1!106.05. I I 15:25 0.;,2 

lV%.05. 1·1 2.1: 13 1.31 2 

1996.05.15 On: 1:1 o.su 

199G.05.1J 12:00 0.8 

1996.05. 15 15:-13 o.u J.J. 

10!16.05. I 5 22:34 0.56 

1990.05. 16 00:0 J 0.510 

199 .o;,.16 12: 10 0.56 

I 09G.05. tG 18:.Vi 1.04 

1996.05.10 21:51 1.712 

19!)6.05.110 1:17 0.810 

1!1!10.05. 17 ()1:~.1 0.5·1·1 

1' V6.1lii.1 I 11:0-1 II .') 12 

1!l96.0). 11 22:~6 0.) 11 

1996.0,).18 0):49 O.i4 J 

19!JG.O!i. 1!l 11:11 0.~·11 

199G O':i. l Ul:26 !.21 

19%.05.10 01:11 0 .. _ 

nal ~· ~lode b 

S1/S2/GX I/GX2 

1/ 2/ GXl/GX2 

S I/S2/CX 1/GX2 

Sl/ '2/ GX I/G ". 2 

l /52/G X 1/ GX2 

'H/S2/GX I / GX2 

' I/S2fGX I /G X2 

S1 /52/G X 1/GX2 

S I /S2/GX I /GX2 

5 l /S2/G X I/GX2 

5 1/52/G X 1/ GX2 

SI/S2/GXI/C:X2 

51/ '2/GX I/GX.2 

SI/52/GXI/GX2 

51/52/GX 1/GX2 

S I/S2/GX 1/GX2 

SI/S2/GX1/GX2 

Sl/S2/GX I/ CX2 

I /52/GX I I ,Y,_2 

S1/S2j<..;X I/GX2 

Sl/52/GX. I /G X2 

S I /52/GX I fC:X2 

5 1/S2/GX1/GX2 

S l /52fC:X1 / GX 2 

51/S2/GX1/GX2 

1/S2/GXI/GX2 

5L/S2/CX! /GX2 

S I/S2/GX1/GX2 

S1/'i2/GXI/GX'2 

51/S2/GX1/GX2 

l/S2/GX I /GX2 

S 1/52/GXJ/GX2 

1/S2/CXI/GX2 

S!/S2/GX 1/ GX2 

2 ll 



2~2 . IPP£.\OJ.\ . \. RXTE ODSER\:-lTIOX LOG OF TE\. DLAZ.·IR 2-13 

TaiJI<· :\.-,1: RXTEohf>c•tTalionlog ol' :.. Irk ;)O J (J) 

Soun·t· Eud ( liT) Exp. DauL ~ lull. • 

1\auu: (1,,,.,.) 
~ I rk .5(11 p 10341 -03-01 -00 2.1161 S1/S2/GX1/P;2 

T~bi P .-\ .3: RXTE oiJ,.;NY>di (>n i<>g of :..Irk -,121 (3) cont inued 
P 1 OJH-03-02-00 1096.10.22 ll :52 1096.10.22 12:% 2.tl:12 SJ /S2/G'\ l /GX2 
['203-lll-01-01 -00 1007.11.3.l8 02:03 1!!91.03.18 02:5-1 J.ti'G SIJ. 2/G '\.1 /C ':\2 

So lll'n' ons-m ' Stan (11T) Eud (UT ) Exp. DataModt· b 
P2U3·10· 0~-01 - 00 1997.0~.03 04 :21 19!!/.(1.1.[)3 0-1:55 I.Ga2 1/ ~I ;x 1/G':\2 

Nnrut· (k" ·t) 
P203-10-0·1-02-00 1991.01.03 00:17 IO!l7.!1.J.fl3 09:33 0.9·11 S I /S2/GX I / GX2 

i\ lrk 421 PHl3-l5-01 - 16- lO 1 !!06.05.19 05:52 19%.05. 19 06:08 0.012 S1/S2/GX.I JGX2. 
1'20.3-10-04-03-00 1097.0-1.0-1 0-1:2 1997.0-1.0·1 0-1:-1-1 (1.0+1 S I /S'l/G X I /GX2 

Pl0345-111- 17-l0 1996.05.19 I 1:2-l 1990.05.10 17:3-l 0.5 · 1~ S1/S2/GX I/G X2 
P2o:3-10-0-l-O-I-00 1997.0-1.04 ll:09 I 997.11-1.0·1 11:3-1 1.-LSS ' 1/. 2/ .X1 /GX2 

PJO::l-15-01- 18- lO 1006.05. 19 2 1 : ~D 19%.05. 19 21:57 0.432 S1 /S2/ GX1/ GX2 
P20340-04-0:i-OO 1991.0~.05 0-1:27 1!197.0·1.05 0-J::>D 1.812 S1/S2/ GA.1/GX2 

P 103~ J- OJ.- LO- l0 1996.05.20 OG:10 1996.05.20 06:21 0.008 S1 /S2/GX I/GX2 
P203~0-0-!-0G- OO ! 997.0.J.05 07:58 1901.0-1.05 f) :10 1. 2<18 I/S2/CX1JCX.2 

P103~ 5-01 - 20-l0 !996.0~.20 12:05 1996.05.20 12:15 0.570 ! /S2/ GX.l / GX2 
P203-!0-0.Ic07-00 1907.(l4.0G 01:15 1901.0-1.00 0/:31 0.028 S I/S2/GXI/CX2 

P'I03.J.5-0.l -21-10 1996.05. 20 19:02 HJ%.05.20 19:15 0.752 Sl/S2/GX! / GX2 
P20340-0·l-08-00 1997.04.06 10:27 !997.0<1 .00 10:-12 0.80·1 ." 1/S2/C:X I/GX2 

P l03.J.5-01 - 14- l0 !90G.O:i.2! 01:08 1096.05.21 01:21 1.088 S1/S2/GX 1/GX2 
P203-I0-04-09-00 1997.0-J.Qj 07:15 J 997.0-1.07 07:30 0. 0-1 I/S2/GX 1/GX2 

Pl03-ll -02-02-00 1996.12.10 21:03 1990.12.10 21:44 2.33G Sl /S2/GX1/G'\2 
P203<l0-04-IO-OO 1991.04.07 10:30 1991.0-1.0/ 10:52 (J.912 S l / 2/ , \1 /GX2 

P203-l1 -0! -02-01 1991.04 02 03:30 1991.04.02 09:03 19.908 S1/S2/GX I/GX.2 
P203-l0-04- l! -OO 1997.04.08 05:40 1997.()-l,QS 06:08 1.6,18 S1/S2/GX1/GX2 

P203 11-0l-02-00 1997.t!4 .03 U5:08 1991.0-1.03 00:0-l 1-1. 144 S1 /S2/GXl /GX2 
P203-I0-04-12-00 1997.0-1.0 10:37 1997.0·1.08 10:~1 0.91 2 s 1/. 2/CX 11 ;x 2 

P 203-l1 -01-0! -00 1907.04.0~ 05:15 10!!7.04.04 01:2G 1.808 S1 /S2/GX! f G.\2 
P203-l0-04-13-00 1907.04.09 05:40 1097.04.09 OG:08 1.648 Slj. 2/GX I/GX2 

1'203-l 1-0J.-01-(Il 1991.0·1.05 05: 12 19!!7.04.05 116:19 '1.0 S1/S2/ .X1 /GX2 
P203-Ul-O+I •I-00 1997.04.09 10:28 1091.0•1.09 I 0:·13 0.864 S1/S2/GX 1/(; '2 

P 203-l! -Ol-01-02 1091.0·1.05 OG:4.8 1997.04.0:> 07: -l:i 3.37G SI/S2/GXI/GX2 
P203~0-04- 15-00 1991.0-!.10 OG:26 1991.0-l.tO OG:-12 0.94-l S I/52/GXl/G.\2 

P 203·t1 -01 -01 -In 1991.0·1.10 05:31 1997.0-1.10 06:13 2.512 S!/ 2/ GX1 /G X2 
P203~0-04.-1G-OO 1997.04.10 07:42 109/.Qcl. 1Q 07:57 0.88 S I/S2/GX L/GX2 

P 203-ll -01 -01 -04 !997.04.. I 0 06:55 1997.04.10 07:29 2.032 S 1/S2/GX 1/ GX2 
P20340-04-17-00 !901.04.1 1 04:51 1997.04.11 05:07 0.91 2 S1 /S2/(;XJ fG'.\2 

P2fl3H-0 1-03-00 1097.0-l.ll 05:20 1991.0-LlL 07:4G 8.752 Sl/ 2/GX1/GX2 
P203-10-0~ - 18- 00 1097.04.11 07:59 1907.0t. ll 08:3 2.3~ 1/S2/GX1/GX2. 

P203-l.l-01-03-01 IDD7.0,1.J 2 05:21 1997.0'1.12 08:58 12..976 S1/S2/GXlfGX~ 
P203·10-04-19-00 1907.04.12 04:2-1 I 907.0-1.12 04 :39 0.88 S I/S2/CX. l /GX2 

P20311 -0t -04-00 I 991.04.20 05:29 1997.04.29 05:51 1.28 S I /S2/GX1 / GX2 
P20340-0~-20- 00 1997.04. 12 10:~5 1997.0·1. l2 11:03 l.O:;o SI/S2/GX1/GX2 

P2034 L-01-0 1-01 1097.04.30 05:29 1997.0-1.30 06:36 3.98~ SI /S2fGXl / GX2 
P20340-04-21-00 I 997.04 .13 OG:24 1907.0{. 13 00:53 1.728 S I/S2/GX I/GX2 

P 203-l I -01 -0,1-112 1991.05.01 21:27 1097.05.01 22:0G 2.3:)6 Sl /S2/GX1/GX2 
P203-l0-04-22-00 1997.04.13 11:01 1997 . 0~ . 1:) 11 :"4 .3. 168 S l /S2/GX I /GX2 

P203.J 1-0! -05-llO 1997.05.02 05:30 1997.0>.02 OG:21 3.02-l Sl/S2/GX 1/GX2 
P203-l0-04-23-00 1997.0-1.14 08:00 19\J7.04 .J.l 08: 16 0.912 Sl/52/ .x1;c;x2 

1'20:\-t 1-01 -05-01 1D97.0o .03 03:'5 1997.05.03 0-1:10 0.890 S1/S2/GX1 / GX2 
P2ll340-ll4-24-00 1997.04.14 10:58 1001.0-1.14 11:40 2.at2 S i /S2/GX1/GX2 

P 203-11-0 1-05-02 J 907.05.03 05:29 1997.05.03 OG:34 3.856 Sl/S2/GX1/GX2 
1'203<10-04- 25-00 I 997.04.15 06:20 1997.04.1 5 06:-1 1 L21G SL/S2/ .X I /GX2 

P21J:J~ 1-01 -Cio-03 190/.0G. O.J. 03:54 1997.05.0-1 0-1:12 1.024 SI /S2/G X1 / GX2 
P203-10-04-20-00 HJD7.04.15 08:56 1091.04.15 OD: t2 0.941 1/52/GXl/ .x2 

P203-ll-01-05-0-I 1907.05.04 05:30 1997.05.04 05:51 !.21G Sl/S~/G"-1/GX2 
P20340-0·e-27-00 1 91.04.16 0-1:117 19 1.04.10 04:25 l.OJO S1/S2/GXI/GX2 

P 20.1 1.1-01-05-03 19\11.05.06 02:2 I 1997.05.06 05:15 10.-IIG S lfS2fG X l / GX2 
P20340-04-28-00 1997.04..16 10:39 1097.04.16 10:51 0.72 St/S2/GXI/C:X2 

P203-11 -0 1-05-00 1997.fi5.0G 05:39 1997.05.00 05:56 0.0/G S!/S2/GX1/GX2 
1'20340-01 -02-00 1997.05.02 0·1:19 1901.05.1l2 05: l 3 .. )3 S1/S2/G XI /G"-2 

l' :l()3-l l-01 -0()-00 1997.06.03 03:59 I 001 .06.(13 06:3-l 2.096 S1/S2/GX1/GX2 
1'203-1 0-0 J -03-110 !997.05.02 09:2·1 199/.0.i .02 lO:J l 2.168 S 1/52/GX I /CX2 

1'203-10-01-04-00 1907.05.03 04:22 109/.05.03 05:17 3.26·1 1/S2/GX!/GX2 

P20340-0! -05-00 I D!J7.05.0-I ()<1: 24 1997.0;;.04 (1~: IS 3.2 S1/S2/GXJ/GX2 

P20340-0l -06-00 !097.0S. O~ 0Ci:03 LD97.05.ll·l 00:25 1.28 SI/S2/GX 1/GX2 

P20.340"01-07-00 1991.05.05 04:15 1991.05.0) 0 1: 12 1.58•1 . 1/S2/GX1/GX2 

1'203-!0-01·08-00 .1 907.05.05 00: 26 1997.fJJ.O;; 10:12 2.730 1/S2/GX1/GX2 

P203-10-01-00-00 1997.05.06 OG:08 l007.0J.ilfi OG:-1.5 2.1 70 S1/S2/CX1/GX2 

P203-!0-0!- 10-00 1997.05.0() 0/:30 19!)7.0~ . 0() 1)8:.3Ci 3.010 S1/S2/GX 1 /GX2 



2-11 

So11n't' 

x~uw · 

. \PPE.\"1)1.\ . \. RXTE OIJSERUTJO.\" LOG OF TE\' /3LAZAR. 

Tahlc- :\ . .J: RXTEnh5~c·n·atiou log uf \Irk :iOl (2) continurd 

OOS-10 ' tart ( liT) 

1'20311) 0 I- ll 00 100, .Oo.Oi' fl;j:-19 

1'20.1-ICi-lll -12-(11) !991.03.01 09:28 

P20:J lll-01- 13-00 10!17.05.08 06:53 

P20310-lll- llil0 10~1.03.0 00:25 

P2034001 - l .j -IJO 1907.05.09 06:~3 

P203•l0-01 - lG 00 199T.05.09 01:5 

P20310 01 - 17 Oil 1091.05.10 03:14 

J>20310 01 18-00 10!11.0!;.10 09:20 

1'211310-01 10-00 1907.0~. !1 Oj:13 

P20:31il-O l-20-00 1907.fi5.1J 00:26 

P203-I0-01-21 -00 19!)1.05.12 04:22 

P20310 OJ -22-00 1991.05.!2 08:35 

P20:JIO· OI -23- 00 1907.05.13 0~:32 

P203-I()-01 -2-I -OO 1997.05.!3 08:3~ 

1'20310-01-25 00 1997.05.1-1 08:32 

1'20340-0 I-2G-OO 

P203-IO 01 -27-00 

P20311J-lll -2 -00 

P20-121 -0J -OI -OI 

P20 121 -01-01 -00 

P2() 121 01 -02-01 

1'20-121 01-02-00 

P20 121-01-03-111 

P20 12Hll-03-00 

P20-121 0 I 04-0 I 

1'20 121 -01 -0 I 00 

1'20-121 -01 -05 01 

1'2(1-121 -111 -il5- ill) 

1'311219-lll -01 -0 

p · U2-19-0L-OI no 

1'30210 111 -01-01 

1'30219 01-UI 02 

1'3!12-10 01 -111 -03 

1'30219 111 -Cil -11-1 

1'302-10-01 -01 05 

P302 19 ()l . ()J 09 

P30219 01 -0l 10 

1'302-10-IJI Ill OG 

P302101H -Ol Or 

!997.0~.1 ·1 09:34 

Ln91.05.15 0•1:26 

1991.05. !5 06:13 

1901.01.11 23:23 

1907.01.12 o:3:36 

l991.07.12 23:22 

1997.01.1:) 03:31 

!997.07.13 23:21 

1997.117.1-1 03:38 

!097.01. I -1 22:50 

1997.01.15 03:38 

1991.01.15 22:51 

1091.07.16 0~:40 

I 098.05.25 03:46 

1998.0' .25 06:58 

l99 .05.25 lN4 

1998.05.25 lV:24 

I 908.05.25 21:04 

199 .05.26 06:51 

l90 .05.26 1-1:23 

190 .0:1.27 02:06 

I !)98.05.21 0:3:4~ 

I 90 .()3.21 00:5& 

1908.00.21 12:4 I 

Exp. D<~ta ~roue 

(h<-<·) 

1007.1J:i.Oi' 07:00 4.22-1 

1991.05.07 09:-'itl l.28 

1991.05.08 01:01 0.-18 

1991.0-5.0 10: IT 3.10-1 

I 09i'.il5.il9 07:04 0.608 

1997.05.09 0 :-10 2.528 

1907.0~.10 0~:30 0.912 

1991.03.10 09:59 l.i'+l 

lV0/.0~.11 O:i:29 0.0 12 

1997.0:i.ll 09:-12 0.012 

1097.05.12 0-1:-14 1.29G 

1 907.03.!2 08:-l:i 0.608 

l997.05.13 0-1:16 0.8 

!997.05.13 08: IG 0.12 

1997.0i3.1•1 08:41 0.890 

0.916 

2.512 

2.128 

!.68 

5.53G 

1.728 

5.~172 

1.66~ 

<I.IG 

-1.608 

4.62-1 

3.584 

4.-512 

2.1G 

1-1.992 

17. 72 

2.816 

4.512 

15.0.;6 

11.936 

L 08 

LG 

'1/ S2/GX1 /GX2 

51/S2/GXl/ .xz 
51/52/GXl/GXZ 

'I/S2/GXI/GX2 

S1/S2/GX1/GX2 

SI/S2/GXI/GX2 

51/52/GX l /GX2 

51/52/GX1/GX2 

SI/52/GX I/GX2 

S!/52/GXI/GX2 

5l/52/GX1/GX2 

51/. 2/GX1/GX2 

Sl/S2/GX I/GX2 

51f52/GXI/GX2 

S!/S2/GX1/GX2 

Sl/52/GXI/GY-.2 

51/S2/GX1/GX2 

51/S2/GX1/GX2 

1/S2/GX!/GX2 

Sl/S2/GX1/GX2 

S!/S2/GXI/GX2 

5 1/52/GX l/GX2 

51/S2/GX1/GX2 

S1/S2/GX 1/GX2 

5!/52JGX1/GX2 

51/S2/GX1/GX2 

S I/52/GXI/ .X2 

Sl/52/GX I/GX2 

S1/S2/GX1/GX2 

51/52/GXl/GS.'l. 

S1/S2/GX.1/GX2 

S 1/S2/GX1/GX2 

51/52/GX I/GX2 

31/82/GX 1/GX2 

Sl /52/GX I /C:X2 

Sl/S2/GX I/G X2 

S 1/S2/GX I/G X2 

1901.05.14 09:H 

1901.05.15 OG:O 

1097.0:;.15 06: 19 

1997.07.11 2:1:5! 

1997.07.12 05:09 

1097.01. 12 23:51 

I 901.07.13 05:00 

1907.01.13 23:-1!) 

1097.0/.l-1 0,1: 18 

l997.07.15 00:01 

1997.01.15 0-1:55 

J9!H.OI.15 23:51 

1997.01.16 04:;;;; 

1008.05.25 04:22 

199, .05.25 11:08 

199 .0.).25 11:42 

1998.0b.25 20:11 

I 908.05.2(; 22:20 

1998.05.26 l1 :OS 

1098.0:>.26 17: 12 

1908.03.21 02::)6 

1998.05.21 0-1:12 

1908.05.21 1!:08 

1998.1!5.21 15:50 

!5.10 S1/S2/GX I/GX2 

ll .G96 Sl/52/C:X 1/C:X2 

Sonrn• 

N-.nut 

PI\S 2155 

-304 

2-l::i 

Tnhlc·.--\.G: RXTEi<>IN•tTnli nlt,p;ofPI\S:?I.:i- :301 (1) 

tm·t (l11') Eud ( l ' T ) 1.::\p. DatH ~lnrl<,• 

P 10356-0 l-01 -00 

P1035G-01 -02-00 

Pl035G-01 -03-Il0 

110356-0 1-0-1-00 

P10356-01-03-00 

P103J6-0l-06-00 

P l035G-O l-01-00 

P103o6-0 l-08-00 

P1033G-0J -09-00 

p 10356-0 1-1 0-0il 

1996.0G.16 00:-1.0 

1996.05.16 03:2-1 

!096.05.16 06:15 

lDD6.05.1G 00:32 

1090.05.16 !2:38 

1906.05.16 16:39 

199G.(IG.16 19:03 

1.996.05.16 22:25 

1996.05.!1 0 l: 15 

I 996.05.1 T 05:21 

PI0356-01- Il-OO 1996.05.17 OHIO 

P103o6-01-12-00 1996.05.17 11:51 

p 10356-01 -13-00 1906.05.1 j' 15:5 ! 

Pl035G-Ol-J.l-00 1996.05. 11 21:33 

1'10356-01-15-00 1096.05.18 02:16 

P10356-0H6-00 

P 10356-01 -H -00 

P !0356-0 1-18-00 

p 103:>6-0 1--15-00 

P10356-0! -20-00 

1906.05.18 115:02 

1996.05.1 tl1:10 

1096.05.18 09:35 

lOOG.05. 18 13:28 

!996.05.1 18:1 -1 

(b•·d 

I noG.Il5.1 G 1111:511 0.592 

!~96.11 -'i.lu ll~ :- 11 1.36 

1906.05.16 il(i: 1(1 1.-172 

10%.0'i. 1o OD: 12 ll.J-11 

l!l0G.I)j.16 12: 1, O.:il -1 

l906.03.16 l~:Oil i.iG 

1996.05.lU 19:1 1 0.008 

1996.03.16 22:-11 tl.!li2 

1096.05.1102:16 I. us 
1096.00.1 j' 05: w l.20G 

L!l96.1)~ . l7 Ol:l!l O.:iil2 

1996.05. ! j' 12: 1·1 0.976 

1006.05. II lG:O I 0.5·1•1 

!996.05. II 21:58 1. 112 

1.996.05.18 02:25 0.512 

1996.0.5.18 0-5:1 l 

IG06.05.18 01:20 

1996.0.). 1 09: 15 

!996.03.18 1.3:36 

190G.05.18 I :~J7 

0.52 

0.~92 

O.'iG 

0.-132 

1.3·1•1 

Pl0356-0I-21 -00 1996.05.18 21:33 199o.ilo.18 22:13 2.19G 

P10356-01-19-00 1006.05.18 23:09 1096.05.111 2:1:55 2.730 

Pl0356-02-0I -OI l09G.05.19 01:4(i 1900.05.19 Ol:ll 8.10·1 

.r 1.03-56-02-0 l-00 

Pl 03-56-112-01-02 

Plll3:3G-ti2-0 I-OJ 

P 103,56-02-01 -0 I 

P l035G-02-0l-OI 

P10356-02-01-05 

P10350-0I -23-00 

Pl03'G-01 -2-I-00 

Pl03-3G-OI -2HIO 

p 103-)fl-01 -26-00 

PI0356-0l-21-00 

PI0:3;;6-01-28-00 

Pl03o6-01 -29-IlO 

1996.05.19 OG:36 

1006.U5.10 l -1:~0 

!900.05.19 1 :02 

!906.05.10 22:26 

!996.05.20 12:43 

1906.1l5.20 19:55 

!9%.05.21 01:59 

l90G.05.2l 07:13 

1996.05.21 11:30 

1096.03.21 11:-39 

l99G.05.21 1 : l8 

1096.05.21 21:37 

1090.[15.22 0 1:~,; 

P10356-01 -3J-00 1996 .05 .~2 01:58 

PI033G 01 -30-00 1996.05.22 0 :3 

1996.ll5.19 01:3 ! 3.218 

1906.05.19 16:5G 8.7:16 

1906.05. 1.0 20:34 g_()/2 

1990.05.19 0;;:48 

1006.0ii.20 13:-l;j 

199G.O:i.20 0(1: 10 

1996.03.21 llr,:OI 

109G.0;).21 01:39 

109G.05.21 II: II 

1()96.05.21 !5:3-1 

1006.05.21 l :;;5 

100G.0.5. 21 22:01 

l096.0j.22 01 :55 

26.G28 

.J.GG~ 

11.10-1 

0.-18 

1.302 

0.8 

2.00() 

2.116 

!.302 

li.jG 

l09G.o.;.22 Oj:23 1.51Jl 

l:l%.0>.22 08: IS IJ.'i IG 

S 1/'12/ GX I/ GX2 

SI / '<2/GXI / GX2 

S 1/'>2/G X 1/GX2 

SI /'2/ GXI / GX2 

5 1/ S2/ (;X 1/ GX2 

'H / 52/G.\ 1/ (:X'l 

1/'52/t:X I/ G'X2 

. 1/S2/GXJ / GX2 

S1/S2/GX 1/C: \2 

51/ 2/GXI / C:X2 

Sl/ 2/GX 1/ .X2 

51/S2/GX 1/G.\2 

S1/ S2/GX 1/C:.\2 

S I/S2/GX l / C:X2 

51/52/GXI/G.\2 

51/52/GX1/GX2 

5 l /S2/GX I/ GX2 

5 l /S2/C:X 1/C:.\2 

SI/S2/GXI/GX2 

51/ 2/GXI/C:X2 

SI/52/GXI/ .x2 
51/52/GXlfC.\2 

SI/S2/GXI/GX2 

S I /S2/GX 1/GX2 

1 /S2/GX l/G X2 

SL/S2/GXl/GX2 

' 1/ 2/C:V..I/C:X2 

51/S2/GX1/C:X2 

51/52/GX 1/GX2 

1/ 2/GXI/GX2 

SI/52/GX1/GX2 

51 /52/GX 1/GX2 

S1/S2/C.X1/GX2 

Sl/'i2/GXI/GX2 

S1/S2/GX1/GX2 

S l/52/GX 1/ GX2 

S1/52/GXI/C:X2 

S I/S2/f:Xl/CX2 



2~G .\Pf'E.YDL\ .-\. RXTE 013SER\.\Tf{)S LOG OP TE\"13L\Z.\RS 

Tahl1· .\ ./ : RXTEob<'natiou log ofPK ll;J.J - 30-l (2) nmlillltfd 

Sonru· 

_:'\;;uul' 

PKS 2J .j5 

-3(1J 

013S-ID 

PIIJ.1.ju 1·:13-00 

p 10350 01 - 3~ -110 

I'HJ:l:;O 01-3;1-00 

P11135G-IJI -:11 00 

p 10336-01-36-00 

p 10336 (1[. :30-00 

PI 0356 01 -:38-00 

I I 03>6-0 I .. J0-00 

P1033G 01 --11 -011 

Pl03";G-OI -·12-00 

P103:i6-0H3 00 

p lfl356-0 1 .. 16-00 

p 10336·0 J..17-00 

PIO.lii 01-01 -00 

PI 0350-0 1--18-IJO 

P103i6-01-- ID-OO 

P1035u-01-00-00 

P L03.>6-01 -o2-00 

r 1 03.>6-0 I-51 -00 

PJ0356-01-5:J.QO 

P 103o6-01 -5 1-oo 

l'l0356-111 -5G-l10 

PI 0.3:,()-11 1-57 IJO 

Plil:l56-01 ·5 -00 

p lll:\5 . I] 1-50-00 

P LO:W\ 0 I -GO Oil 

1'10%6·01 61-00 

I' ln:l5G-01 · 6~- ll0 

1' 103)6-01 63-00 

Pl035G 01 -G 1-00 

P 111,1.;6-!11 -66-110 

PIO:l'ii-01 ·02 00 

Start (UT) 

1!l!l6.u;;. n 11:-;o 

1006.05.22 17::35 

1!)06.05.22 20:02 

1906.05.22 23:13 

Hl96.0:'i.23 00:51 

1006.05.23 0~:56 

1096.05.2 07:19 

1096.05.23 10:31 

1996.05.23 13:21 

1990.05.23 18:21 

1006.0;).23 21:~4 

19%.05.24 03:32 

I 006.05.2~ 06:26 

1006.05.24 08:02 

1906.05.2-1 0 :27 

1006.05.24 11:4-1 

1996.05.2~ 1-1:27 

1996.05.2-! 17:39 

19%.05.24 20:05 

10%.05.2~ 23:18 

1996.05.25 03:23 
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Appendix B 

DCF Distributions of Mrk 421 

during 1998 Campaign 
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Appendix C 

Estimation of Errors in the 

Temporal Analysis 

C.l Errors on Lags Estimated from the Monte Cairo 

Simulations 

In s 1.2.5. tht" errors 01 1 tu(' lags were simph· detl'nninc I fron1 I he IIIH"t'rlaiJtl_l· ( l "prror) 

of the pPnk parauwrer obrained hy the rninimulll \ 2 fit ling of llw dislriiJLJ! i••n DC'F t a 

Gau&5iau. :\l ore accm ately, erroJ-s ou thE' laf!.S should b rktenniued !.~· !;~king lh<i llu x 

uncertainties clue to photon statistics into ac-cou n1. The sJaJi~li~~l ~ i gn.i lir tUiCC of th<' 

detection or il lag may not be ass sscd just by a noss-<'OITt'i<~l"iou >~naJ _,·s i .. In urd<>r to 

tesl lite t!e pcll([encc or our D 'F re,ult s 011 pholclll stali,iic" a nd C'Riimalc ili f' errors on 

th<> lag. more properly. we apply \ lonte Cairo J> imuhtl i<w nwthod 1dtir·h c<•usidrrs llr Jlnx 

randomiza tion (e.g., Zhaug el a!. Hl!JD ). 

\\"c aR~umed tllill errors on flux<•s I'I'Hu ll ing frou1 till· lot nl plio I u llllr11bt·r in a bin 

(more than a ll1011.qand i11 our case) arc· npr11J.all.1· di~t ri bu1cd. \\'e modili<•d r-acl t n ·al Ilux 

at ;l c rtaiu time (F(I)) by addi ng a random Gnn~~ian deYi~ tion IJnsed on tlw qnotNI 

Prror tTr(l) for each dat a poiut or t!Je ligltl t:urws. Tlw tnodificatiou of carl! data point 

i~ random!,,· dclNUl iued li·om \ loutc Cairn hinntlations. thns l>lati»tie;dh· indr•p .. lldi•Jit of 

each other. IYP apply the DCF to e~ch ·mudolllized' light CUJY<'s awl iJL\'Cf;tiga tt• the 

dis tri bu1 iou f the ·tim -lag·. This proct·ss wa.~ rt' \Wat d for 201)0 ti tn •s to bnild up~ 

-ro s-correlHtiou peak dislributiou. " ·e d<' f"ill ·d lite errors 011 t i t~ ' lag· 11S llil· G8 'lc (i.f'. , l 

rr ) of the t i nw-lag~ ru·e i11 ·luck•d in tltP rrutgt'. 

In Figure C.l., we show il.tc re~nlts of .\lonle Cairo simulation f(Jj· lwrJ luu~ ~rgHJP1ll5 

of :\ lrk 421 obscrn1tion in 190 Timc-n·giou #2 is wlter<' rl.t lllaxjtmttn ·soft -lag· wa.~ 

2;)0 
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oiJspn·,.,[ and timf•-n·gion # i~ tlw r<'l!,i u nf an oppo~itt• ~"11'~ (·hard-lag·: Figure 1.23). 

Otw fittdfo that • rror~ 011 I IJf' Ia I!,~ rktc•rtniued from \lnutP Cairn siwulari011 <HP cxaclf_,. 

rons islt·nl \\·ith lhf' tltat detc•rmilll·d frotn tb • llltt·<• rtaiutie~ of tht· JH'ak paranwlt·r in 

DCF eli:, I ribnl ion lit It'd to a Gaussian fullC·tion. Tlms "'" ronelttd<' tlw t the stalis tita] 

~ignilieauc-f' ofdl'lection of litnP-!ags is uot alf<'r-trd C\"Cll if we tak(' nurPrtaiuty i11 ob en·,·d 

flnxt·~ iut,, rwnJ\tltt. 

Hud U... - - son t.c 
OJ!0,----~,-1 -.....::.--~---,--.::_---, 

GaUD Jit. UT I Gaun jnt c:JT 

~~ ~ T 
WC!o:trr Weien-

--t--- -r 0,16 

0.10 I 
0.06 

0.00 '--""'--.......J'--'"""'--""---'-~_;:>,..._j 
- 6000 - 4000 -2000 2000 

'l'ime J..a.a (•ee) 

F'i~urc . I: Error~ 011 liuu:- la :jS d~..·t•.:nuiJted froul t!tc ,~.\lolll(' C'Hlro S.iutulatiou (:..olid arrows). Two 

t·xm11pl<.·~ for ~ I rk 42 1 f)b~('l:\'aliu n in 1!)!)8 (Lr<' showu i.u til(' fi~un·. Tilllc-rt·&inJ• #2. wlL('l'(' thr !llaxinnnll 

·:-.oft- lug· wu:,; tth..:t•rvtd aud tiu•t~- • ·t•giott #8. wl1t:re t.lLl' lli~L.'\illliU.U ·!Jardpla.g· was ol;:;(•n•ed (::.c~\ Flg:un~ 7.8. 

C.2). L<\1-!:S <U't• raku la.lt·•l fori iw li~;ht curn· uf0.5-1.0 kt:\' bauO a.~ <.:O llipc.tiNI to tlttll in 3.0-7.0 kt·V. Error::. 

(IJ''' (•_x-;.,rlly cnn:--i~t t •u t with llH' prc·,•iuus cstin1atiou ill whid1 Ill(.' ~rro r wa ... dc-tt·nHilll'd fro1u Ull<.:t . .'rtai uty 

of lilt• pl'(tk p;.lf;uu<·tr-r ohu1iiL\.'d hy tlt<.· wluillltllll \ 2 fitting of tltf' tlistributiuu of DCF to a Cau::;sian 

(d(ltlt·d ;mow•). 

C .2 Analy is of D e-Trended Light Curves 

During 7 ,J,,,· ohRrn·aiiou uf \Jrk -121 in ]!)!) . sHcc-e~siY(' occurr -uce of flare~ ltas beeu 

oiJ~<·rw•d. ThL·~ da)·- b,·-da~· llnres nre .. ltperposed on each ntllf'r. fornti11g m1 ·oJtf<ct · in I hr 

li~ltr clllTC·s. Snch au oft:~t'l. or loug-term trcutl. fi('(•nts to b<'<'omv largrr as pltotott energ_,­

iunPilR<·R ( Fip,un· 0.:2). Thi~ i~ IH 'C<\1tSC' t!tr amplitude uf n flare is largN a t incn'n&iug 

pltcttou ~n<'~"gy (e.g .. !i 7.:2.2). Tbu~ it is important to ,.,.,ifv t!t<lt t!tt•s•· t' IJl'rgy-d('pt··ndcul 

·ott;.,.(' do uot alrcc-t nur UI~>ll _,·~i.~ r ~n.lt~. To ,.,·altt<1le rh t' PFrPd quautilaiiwly. "'"" ~ittPd 

thP li,ht cun'<'" of\ IJ·k -121 (1998) "·ith a quadratic function. ti1C'll subtractc·d thl' bc·'l fit 

fnHctio11 ao. a ·t rt'Jtd. (R<'<'. Fi11ur<' C'.:2 (ltfl)). Filling. Wt'rt" Jll'rft)r1110d in various euer)!.Y 

C.2 .. -\.Y:l.LYSr OP .DE-TRE.YDED Ll ,JJT Cl ·m ·E · 201 

b;ulclS from () .. j kc\ ' to 1.0 kP\" . 

Tim e Lags 

Upper rigltt panel IJf Figun' C.2 ·It 1\">i a de-trenrlrd lii;ltf curws in total ASCA hand 

(0.3-7.0 k \"J. Oottom paue! shows the litnl'-lag, for <lf·- trenclt•d lif.\ht t·utTt·~ in 0.3- 1 

kt,\- bmtd aH compared to that in 3-l.::i k,,\-. C'"rrr,JX>ttdi ug ligm<' 1i•r tit<' originall igltl 

cur,·r (1x- ith ·oft:,E·t') is Figure C.2 (fe.ff). One Huds !bat rP~ulb fn•nl dt•- trr·nt! t! ligltl 

eluTes are e..-xaet.ly consistt•ut ,,,·itlt I bat r·a.lrulni<'d ft•r t ltt' ori 1~it1nl ligltl Cllr\T,. 

40 
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Figme C.2: Ti.IUC la~s of ~Irk ~21 dut:i11g 1908 ob•<·n·atiolt. lr-jt (11/!J'< r); tlH' SIS ligltl <"tii' V • for total 
ASCA hcuH.lpas~ (0.5- 1.5 kcV). Tht• bcs l: fit qua.J1·a.tk fuutti(..lll k, s1Jo,,· u =~ n. !)Olid Iiiii•, /f' ft (btt/t f-'"' ): 

tiuw lag:t' of 0.5-1.0 k~ \' lniUd as ('OIIIP~Ircd l.o that iu 3.0-7.5 kt'V. ri!Jhl (ttJI)Jtt): d1· SJS lig:lit t'tlrn' 

a.ftcr .!:)tlbtra{·tiug a <JU<I.dnuit lrt'IH.L riqhl (IJ(It/0111 ): Iiiii(' Jag:s of 0.5-1.0 k(·\ · baud a::. <·outpart·d to r!tat 

iu 3.0-7.5 kc:V. fl(~U it ::- an: {'Xactly f'Q ll !-i1'<1L-IIt witl1 th~ll i11 tla<·l ·ft palld. 

T ime Asymmetry 

\\"e next calcu.lalc lhe stmc-tur fun tiou forth S(· ·df'-tn•nd•·d·lir.ht turn·~>. For lilt' btntc·. 

tur~· function a n a ly.~i. , howe'· r. it is uot r,·idr"ut that •treud (ttfE~N)" sJJouJd be· rell!OYcrl or 

not. Sotne ant h trs dn Chis. while qli1Pr' ilrgw· »I run' ohj<'r-1 ious ( c·.g .. StuitJ, d al. 1 !)!).) ). 

Rrmaiuiop, I rend in t.ltc light cu rn· ma,· supprcbs t!Je ,-~ry f(•atnn•s OIL<' is s<·nrdiilll\ ft>r , iu 

particular. sn11rt'r has periodicity i11 ~litn·t tim•· sca!t·. On he oth~r .l1aiLd. rPmoval of tlw 

trend pr!'Y<'nlb ns front investing timr se-al<'~ c·xc-~(·ding th<·lc •ugth of rill' data ntu (Sutitli 



2G2 .\PPE.\"DJX C. ESTL\1.\TIO.Y OF ERRORS I .\· THE TE.\fPOR.r\L .-\.\".-\Ll 'SIS 

,., a!. J!J!J3 ). This ~hould IH• r-arl'full.1· <lPI (' rll1iJJPtl <\crording to a purpo~f' of tlw temJ)or<11 

sludy as wdl as thC' n~lur ol' tinw ,·a riahilily in ill<' somr-e. 

lu >111~ · rasr·. we CclkulatP the sl rudnrc fnnc1 ionu,ing dE'-I n•ndt•d light curve. in Y<u·ious 

ruerp;y hnncls. An cxalllplC' ~ r SF is gin''' in Figure C.3 (left). On ' can s •e that tiJ~ 

~lop of SF lli tutr-banged in shurt<'r lime scale (T < 1 day: u l.l - 1.2). 

We JIPXI lltl'<c<urr·d li m(' a j"llllll<'try ul' lh <:' lig ht rtUTt' (Figure C.3 right ). One C>tll sec 

il ~ illliiaJ ""'' ri\_1' tlrpc-urr·ute 11·ith Fig1tre I. 1.-L e1-cn if a qundntl ic I n•ud is snbtJ"acl cd. \\"r 

thu~ wudud<: tltat ( I) rapid ,-ariahiJity in Tc\: blazars is 5trong red noi:;c typl', and (2) 

tim<' profi]l' hrconli'S more symmetric at higher cncrg1· bands rcgardles:, of 't r ud ' i.n I he 

liRitf run·r . 

101 r':.:•c...•:.:•:.:•;:•'c___~---.--'-":::,":_'.:.:'.:_' :_:lrl<:_·.:.:";:""=ided) 

0.2 

>C RWn& Pt.ue (Sl' . ) 
o Oc:aay(n.c Phall<l' (Sf_) 
1:1 All Oato (SF) 

' I' 

:;:: ;:; ... - .. __ ......... , 
- o.a T 

... ..-­
. ······· t -------+-

~ O.t 

-O·J.o'::5-:0~.I0:--:0~ ... .,-~':-..,...,:--:2ce.00.,--,-5.00':-.,-,Jl0,DO 
&neru {lteV} 

Fi~ltr(• C.3: h.ft: yl utut•tty uf t l tl..~ li~hl t·un·t·.~ for ~ Irk -J21 iu 2.0- ~1.0 kl'\-. SF from risiu~;; plte:LSe and 

dt·t·,tyi11~ pha .. -.<' <.U'<.: st•parau.:l.r s lwwu. DfJr tcfl lilt(' is S F(r) -x T to g. uitk 1.')'ts. botton! JHluPl show~ the 

"." lllllH .. ·try ptu·allll'tt·r. ritJhl: Etu~rgy drpeudt·utt• o[ t.JH: aYen~td ~.nu wctr_,. p<H<.IIllt··tt-•r lSF+ - SF - J/SF. 

wlti( h wa~ t'~tkuhttc·d for the· li lll l' IRg::. ~untlh·r tiH:IU 0.5 day. \\'•• ·u]Hnt<: t<:<l the bl'st-fit qnadraLic fnn('tiott 

u .... <t . , ,.,,,HP frow t lie oriv,ilta l light rurvrs. Om· tau :::~t·t· tlw1 our rt~uH:; ar<· not alf<.·(·t(·d <.·veu i[ tltl' 'trl'utl' 

i"'i :-; uhtrad(•d ( for ~·outpttri..;ou. $t't' 1 f'i ~'l.tl't' l.lt.l ). 

Appendix D 

ASCA Spectra of Te V blazars 



2G.J .-\PP£.\DL\: D. ASCA SPECTR. I OF TE l . DLAZ.-\R 

"'I! 421 

10.00 

llf9306 tO f,l It 421 ' 19fl 05 . .. 
000 

{ 6& 
0 I 
00 

00 

0 
0 

0 

' 
l 
' 0 

' 1006 
bOO 

0 1 ~&n 
' 

u 010 
00 

00 

~ 
0 

: 

~ ""' ~~~ 
~ + --

i''1~8~ W,1ifiw.',~,/lfirlH++ I\ 'fr/1/JVIfilllt..lfilli '1'' ~ 1i'flll1 ·1 1111f+· 

CISI! C~3 

~~ ., ~~ 
'\>,. 

1,\1./~'lfMift,¥~\lll.,,·j,',.,H + 1¥'~~\;t~·•t+ 
07 1.0 2.0 3 .0 :lO 70 0.7 I 0 20 l.O S.O 7 .0 

O]f.,......-_____,__,_,.....,.~w-c--:-,r..-c:--~~ .. ~.~4~ 

-• L.,o...,..,.-'-..,,.,-, -',eo.o-'--c~:'::'::'::'"-':..,---:,70 -,:':,:'-="5.o,.,,::-:.o 

8 ~ SISO 

~ 0 ~ 
'\ 

1g.g 
.: \0 

~ 000 
- 0\0 

~,...._..~, "' DO 

! 
.,.._..~ 

' 1oM ... 
~ :gg 
_ UIU 

005 

00 l 

' . 

'•'l~j·r:,'~~if.Wtt, till1,"\'l\~l;li,:lill.lill#~t1" 

~ ~ ' ' 

~~~·~· \ · 1 1
1 'I 

Iii ~~ ~~ 
'l'fr· m· 'I' I 

07 \0 ~07001' 1 0 <!D:J.O ~07.0 

P..n"rJCy(lteV) 

0 10.0 
00 

~ ao 
0 

0 

0 " 8&. 
00 l 

2 
0 

' ! ... 
5.00 

0 
0 ~ a 

t 0 I 
00 

0 . 
00 l 

' 0 

' . 
0 100 

500 

~ 1.00 
~ 0.50 

i! 0.10 
005 

I oo, 

' 0 _, .. ~ 
5.00 

~ 100 

0 ~ :~ 
005 

00 

100 

" 

l 
' 0 

: 

0 
0 

0 ~ JO 
~ 0!:>0 

il 010 
005 

1 "• 
~ _, 

tDll6 
500 

~ 
• 100 
........ 050 

0 
5 

i 0 1 
00 

I 00 . 
2 
0 

i 

~, ~~ . 
,_ 

l••+.rl•v·~:~~~l/li~Mi.\11'11 ''"~~•~'~,~~f,~\IWvr~•1'\'++--

~ . ·tl~ 

1/·~~~~~.Ni"' 
1,'tr~~,_.,,~fli,1 

2 o a.o ~.o 1 .0 o,7 1.0 2.0 3.0 5.07Q 
L'neru (keY) 

~SISO ~ S!SJ 

'·'\, ·~ 
--~ 

~~.~~h~~~~N~/114. "l''•IWM'Nio.¥~,~.V;I,'•'/' 
~,, ~~1 CI~ 

~ '\ 

A 1',~~~~~,'1/M~•i•' ·~~~v~,.,~~~~~ 
0710 20 JQ 5.07.007 t.O 3.D 5.0 7.0 

Enllr&Y (ko!V) 
11i19&050l 

~.~ . 
~ S!SI ., ., 

+-+-+---'1 
l.''~'"',ll#tlw~IW!,q;.~,,·4.,.. JM~'/M~~~.....,. ... I"'t . 

o.....-r-·t-- I I ---1--t-1~~ 

~~, ~~· 
~ 

··~N¥~~~~1i11,"'~1~,,,~,1tlt ,~~~~'N~~;f' 
0.7 I 0 5.0 70 07 1.0 20 :10 50 ?.0 

•:netjY(k11N) 

Figun' D.l : Eu,•rgy "pcd.1·a or Mrk 421 (1). 

100 0 

~ :·: 
~ 05 

~ O, l 

0 

0 
0 

0 
0.0 ' 
00 1 
' 0 

' e 
0 

0 
0 

0 
5 

~ . " 
~ :·: 

o.o 

I . 
' 0 

: 

~-~~ ... , . 

w~.~',1'1,'1o;,•1v~t",!'~i · 1"<m~tM~~ •• ~~"t'l!+ 

~ 
. ~., . 

. 

IM/~-~~~~~~~~··~~·~·,'+ ~~~'IA'fl""'~'+ 
0.7 I 0 2 .0 3.0 5.0 70 0.7 I D 20 30 50 7.0 

Ener~~:y (keV) 

~153 

..... 

moo 
"" 
I 00 
000 

0 " 005 

2G:i 

li950!IM ,, 
""' 

~~- -
! ,....._.__ --+->-

! ',111~\¥1'/hl~~~~"'~~~>j\""l't 11~111*,1~\'lr;V;/,t../A,IIHIH 
I I t 100 

500 

~ ~g 
1 01 

00 

0 
0 

0 

' 
l 
2 
0 

- 2 -· 
1000 

:; ~ 00 

g 
0 

~-= ~_g 
" 0.0<> 

o,o l 
' . 
2 
I 

I 00 . 
' 0 

:! 

~ CO:" 

~ ~~ 
P""", c~ 

' ·-· _..__,_._ 
!/ni~,V~ifitM!f.,\V~·,."'tl, ,,,4 ~\W,'~f~.;tli~·',1t111-

2.0 itO SO 70 O'r I D J.O 50 1'0 
Eruu·ey (1£.,V) 

lir\1421 t fiiUiO~ on 

!iiSO "'" 
~~ ~ 

......... "'-
'\. 

1\ilt,'~'l'ti~~~.'/IIII'M,','i,.'l lt ~·N,\~~~~V...~•'~~+--·.....-
C1S2 Cll<! 

-~····~·~~ 
~~ ~" 

~\iiiiNII..~AN~4 •,~-~Wfi!IAI~'•''• 
2.0 30 3 0 ~ -0 7 0 

t:n o r~)' (lceV) 
.t.kit 421 

1000 

~ ~~ 
~ OS 

0 
0 

.a 0 I 
0.0 

0 
5 

o.o , . 
' 0 
2 

~ 
• 100 

~- 050 
010 
Ol)!j 

00 ! . 
0 

' -· 

~} 
SISO .....----~ !I'L'fl 

""~ "'\._ '\ 

,ijt~~~ ,'/1,\W~III\~"' ~~~*i¥~~wCN~#,ilv.'~fl ti, 
--t-J---

'~CIS2 ~ CIS:J 

'\ ' i,v~~~~··,~, ~~~~-/~# 
'1: o a.o o.o 1 o o 1 1 o to a o 6 o 7 o 

£ner1)' (lteV) 

F'ignre 0 .2: Eueq,')' spectra of Ml'l< ·121 12). 



2GG 

0 
0 

0 

0 

' I . 
' 0 
2 
! 
0 

0 
0 

~ 

~ ~g 
0 ~ 0 I 

00!'1 

I 00 . 
' 0 _; 

0 
0 

g 
0 
5 

' . • 0 

' 6 
0 

0 
0 

0 . 
00 ' . 

' 0 . . 
>00 n 

0 
~ :: 
~ OS 

~ 0.1 ' 00 ' 
00 : 
' 0 
2 
! 
0 

n 
0 

0 . 

. \PPESDL"\ D. ASCA SPECTR-\ OF TE l - DLAZ.-lRS 

Wll42l ' 19970430 

~~~ 
~ SIS! 

.. ,\ 
',~''t~'~!l,~ 'J-,r,l~~~~~¥-1. \'{~('1;1/ttf-11,/~Jt+ 

~ ~~ 
1· 1~Wf,~~ oL ¥,~ , . . t,•,• ~~-~\V/I~,HI 

I 0 20 30 :dJ 70 0.7 I 0 3.0 6-0 7.0 
tu'!r&Y (kt"V) 

18970!103 

~ SISU 

. ~-~ ~~ 
___,_.,..........::. 

~"!'I,'I.MWii1~~~1·<"'+ 'i~illil+.,~,'tii~IYIJ l.lll,.r'l+. 

---~ ~~ 
-

111,~~~~~~i1i1 ~ltl/~~·~~~~~~~~· 
5.0 '7.00.7 10 20 30 5.0 7.0 

tmtriU' (koY) 
111970506 

~ ~-
1\ilti</if"lil/lw,~~~~ .. ljl irll'll~,~~~~ll(lllbl11'+ 

.... 
GIS2 \'~ C1S3 

~{', .,... ~ 

~ ,,, 
rM~~~'I,Iw,~,~'+ ~~~~~~A't/~ 1 

0710 20 ao ~07007 10 20 au ~.u 10 
tn<'rl1 (keY) 

19970{IQJ 

1t,'·M8~\~~~~~~,111,1+~ ~~'/v/!~¥1;\lfl~~~~'/t!,.. 

~ 
o.o!f-'c-----• 

~ill)~,.,~ ' 0 
-2 -· 

1000 
600 

~ uo 0 

;,; 01 0 
00 s 

~0 7.0 0.7 l.O ~0 30 6.0 70 
E"neray(lt.,V) 

~~" 
00 ~ : . 

"" 60 

2 
0 
2 
6 
0 

! 10 
~ Ob 

0 
0 

t_ 0 I 
00 

0 

' 
00 ' . 

' 0 
2 . 

1000 

~ 
600 

I 00 
0,110 

• '" oos 

'" ' i 
- 2 

tODD 
5.00 

i 100 
oso 
010 
0" 

OO> 

' 2 _g 
~ 

l'f'.V"''-!M~,~.~~'W 4+ lll~~~~~\,f'.W+ 
CIS2 ,.J'I'I'I/I,' "" r~ - , .. ~, 

'!*W/ilffl-~rW~V1"'1'~~~~~~~+ ~ftt,I'IJ,W/I~~.WN¥,1,"1+'+ 
0.? " 2 o a o 6.0 1.0 o:r 1.0 2 .0 3.0 :;.o 10 

E.neTII)' (kvV) 
t.lrk 421 

0? " 5U 7.0 07 I 0 1!.0 3.0 5.0 70 

F:ner•r (lutV) 

Figure D.3: Energy "pcetn\ of Mrk ~21 (3). 

Hl.OD 
"10 

"" 060 ... 
oos 
001 . 

i _, 
HlO& 

':; 
'0 0 

% 
o.s 0 

" 0 
00 5 

... 
~ 100 

~ "0 

" 
010 
oos 

0(1! 
2 
0 

=~ 
07 >0 

F igurt' 0 .4: ASCA "ll<!rl(y "pectra or Mrk .J2.1 (4). 

10.0 
5.0 

~ ~-g 
0 
0 

0 
0 

} 01 0 
00 s 
0.0 I 

Mrk flO\ 

~ SISO 

~ 
if--Jt;~/11¥//~,1,1~~"""/lttl'l" 
~ --+-!0.'0 

" ~ 1.0 

~ :~ 
00 

0 
0 

0 
5 

on ' < 
2 
0 
2 
< 

""'2 
~~, 

~~~~,'fM'il'l/ii~lljlt 

19960321 Urk 601 

•g-gg 

~ 6g 
u 0, 

00 

Sl"' 

~ 
"'·~ I' 

\, 
-~~ 0 

0 

0 . 
0.0 ' 

,,.,F',rv~~(IIJ~~.~~~ 
. 

1'.\''i'lfMt'llti~~'W!Nii'1"'' 
2 
0 
2 I I . 

~-' 

CIS2 

0 ~ 0 

0 ~ 5 

~~·~ '''I~ . ~~~,tl' 
~ 

ii~,'~~'/11,'1111~"1/if,,,,' 2 
0 

~ I I 

_()I 

199603~ 

::iiSI 

~~~ 

t~~~\11~/l>'f,'~M~'I\~11+ 
-----+--t-1~ 

~~~, . ' ' 
1, r, 

. \'/~~~W~M/,~,w.~~~~,. 
0.1 1.0 2.0 a.o s.o 10 0,1 1 o 3 ,0 50 70 07 1.0 20 30 5.0 7G 0:7 1.0 

0 lg~8o 

i. A:g 
0.1 
0.0 

0 
0 

0 

' 

Wrlc 501 

SISO 

00 I • 

~, 

g ,.It~~ \l';'lii/i'~~/11!!'~~~~+ 
i~--~-i: . 10.0 

5.0 

i 6·g 
0 CIS2 

0 

~.~ 0 

0 i 01 
005 

; 
'"'~~·~~~~~V,v,~~~rij' 2 

0 : 

00 

51$1 

~~ 
lril,,1'#~~'*'~~~~n,~N/,'W,~1'1' 

CIS"J 

~'~!II, 
¥i!W,~~~/i!Wf;,\'.f 

07 10 2..0 30 6.0 ?0 0.7 1.0 ~0 3.0 bO 7.0 

Ener&_y (lte.V) 

{ l.(lO ... 
~ 010 

005 

00~ 
2 
0 .: 

Figmt' D.:i: ;ISCA •·ucrgy s~:wch·a of Mrk ;:iOJ (I). 

&nerl.)" (k•V) 



2G 

11100 ... 
D .. 

'"' 
0 Us 

DO ! 
> 
0 

' roo6 ... 
D 
0 

~ o.! 1.0 

i :: 0 
0.05 

' 00 . . 
0 

·2 
~ 

.-1PPESDL\ D. ASCA SPECTRA OF TE \ - BL4ZAR. 

M II ~01 

~ 
SIS\ 

' ,.-~~~ 
' 

... ...___._.. 
•f!f...,\I\W/~/1/IM~,,,, \•:¥•''11~'~r~~'fl~~~~~w--/ 
~ OIS2 

' · ~'.. 
~ Gis:t t.' 

~-.--'-~ 

·~';.;.~~W'f//iii~t~~~~'#'i1H w~~~.w•~·"'"~~·~~, I 
0 10 20 3.0 ~~700.7 10 20 3 5010 

Enurcr {keV) 
~rk 501 lwti0721 

flrk &ell 

1000 .... 
0~ '00 

0>0 .. 
oo> 

I "• 
2 
o ''•~/'iA;tA1{r~~-.. .. 
! ... ... CIS2 

IIMift O?lQ 

~ 
•'.lil'.v.~'llfil~f.~~~N·~-.'•' 

~ . " 0~ 
....... , CIS3 

,J(I '· 
~ :: 

O.Oa 

DO I . 
' D 

:! ' ~iii!~~~~ WI ~~~~~~ 
0710 2030 50700710 a.o s.o 10 

)ttrk 501 19980'12:) .... 
;:;01 ; ~ SISO ~- SIS! 

~ g~ ~~ - ~, 
00~ 

2 
0 

·2 

lg ~f--...---.---' 
~ A gg ..~~f('f~~·,.,w c•sz 

~ gag' ~, 
00~ --l~-+---t-~-+--.-1 

:~ t~ ~lfl,~,'t4rM~i ~"~~~~ 
07 1.0 20 30 so 7007 \0 2.0 ;\0 50 7..0 

Figure· D.G: ASCA r•uer~;Y SlJ<'dra 1>f Mrk 501 (2). 

~ 

~ 

.... 
bOO 

to .. 0 
0 .. 

00 
0 

' 
! 
2 
0 
2 

10.0 6 s.o 0 

LO n 
Db 0 .. 0 
00 5 

I ... 
2 
0 

:! 

.... 
~ 5.00 

;,6 1.00 

~ 05 0 

• 01 0 .... 
00 J 

l 
0 

' wo ..• ! 0 

0 
0 

0 

' 

: 1.0 

~ :·~ 
00 

I oo, 
2 
0 

:! 

Ulll:l0503 

~~ ~'SIS! 

' "i"l~i/~/f<~W.~'.P ''•YII',~¥/11.''#~~.''•' ' · 

~ 
~ Cl~3 

~~-'\ 

1/11~~~'/1;~~'·' ~~,·~~~~~~~~~ 
0.7 I 0 2,0 3.0 50 70 0,7 I 0 2 0 30 50 70 

Ul960~22 

~ ~ 
,•~"''"M;~~~~-"""'l '' ·N~~.v·~Y~~IIN~r-~o•,~+,.~~ ,+ + 

~ Cl::l2 

~· 
~r 

,;>" ' ·~ ' •. 

•H~,'I/II~1~flll/;oil1N"~''''' ,, ,,~'·~~ ,IWI,~'/1,'/,'"M,t'+ 
7 0 10 2..0 30 60700., 10 20 30 5.070 

r .. m'!ray (hY) 

I'KS 2\L'I!'I-304 

10.00 

~ 
>00 

~~ 0 

0 .. 
00 ' 
00 ! 

2 
0 
2 

w.o6 
sou 

.: 100 

~ :: oos 
I ... 
2 
0 

- 2 -· 

•"Nt\,'.f/11\~~v 
~-CIS2 

~ ' 
,,~~~~~~-~~" 

260 

UHI4 Ol'i I~ 

~~ "'" 

' -~--•'~'NII,ii!rt/~(~~~W~i•~ 

~ ~ 
~~~~-il 

07 I 0 2..0 :lO , 60 0 07 I 0 
t:n.,ru (llt!V) 

2_~ 30 $0 70 

. -. 

00 

·~ 0 ., 
b 

I . 
~ ··~~yr(IMI~,·~~~~~·," 
~-+-•· 10'06 ... 

0 ~ ' 
' 

~ I 00 

t :~ 
00 

00 . 
~~~~''' 2 

0 

! 
07 " ' 0 30 6 0 7 

IIISIO Ofl2~ 

~ '"' 
~~ 

l\rJII•.~~'#/11/JW/Pfll" ''' 
~~--~ 

~~~'. 

"'~o. 

~~~ 
It . '/VIf.IIN 

20 30 60 70 

figure D. 7: ASCA r·twq,'Y ~pe.-tm of PKS 21&5-304 (1 ). 



210 .J.PPESDJ.\ D. ASCA SPECTR \ OP TE\- /3LA ZAI1S 

~ 
~ 

1000;.:'"";::" .:":.:"':..="'.:' ~---...-~--~--=-":.:':::._' "':,::.;:;" PKS 210!>· 304 

1000 .... 

:~~~ I 00 
060 

0.10 
o•• 

00 ! . 
0 • 10-~ ... 

10 0 
06 0 

0 I 0 
0.05 

00 I 

' • 0 
-2 .... 

ool 
2 
0 . 

10116 , .. 
! 100 

~ 
050 

0 10 
o.o~ 

n.ol 
2 
0 -· ~~~~~~~ff.,iJI 1rli~l!ii~~/11~~~~¥/A' 

0.710 2.030 6.0700.710 2030 5070 07 10 
Et~•rl)' {ktY) 

IUOOrp"';:_:.'I.-"06'---o'-.o_< ~---.,..,...~--~-_;.;.:.;...,:....., 

; ~= "';;:' 060 

010 
OOfl 

SIS! 

00!~~--+~~--~~~--"~~~~ 

• 0 

-~ l:-:-"':'7_:__~~::-'"~'"=':'l:-:--':'=--':..,2:':0~3.'::-o -:,'=o"'"=,;;lo 

Eoera)'{bV) 

Eneru (koV) 

Fil-\ure 0 .8: ASCA euer11y • rwct.ra of PKS 2155-3().[ (2). 

191151114 
1000 

fi.OO 

I 00 
060 

010 
0.05 

ool 
2 
0 

-2 
too6 , .. 

{ I 00 
060 

~ 0 .10 
005 

001 . 
' 0 

:! 

1£S~4 .. 514 

07 10 

199701 10 IES 23H•614 IIW71llt:\ 

""" SIS! 
!000 
bOO "'"" ... I 

I 00 
060 

~· 010 
000 

ool 
2 

""'W·~f411\•'fi¥/N1V'Ii I ~,,·t~~.W.h'~~-tf,~~~.~·++ 0 -· ton6 

"" (:IS2 

~ 100 
050 

~ &.M! ,y.,J. )/11/~ 
J))l! ··~~~ • 0.01 . -+---·! 

~Hrll-'//i~W.W,¥N,i,!,~/'• 2 t!tN,i~/yll/~lvlf'~'~ll' _g . 
bO 70 07 I 0 au 30 ~0 70 

Eneru (kiiV) 
HID? 1220 1&5 2344-+ 51 4 

IOQDr-"--~-~--,-.--~-.--',::.:...=; 
600 SISO SIS I 

.: 100 

i.· 060 010~.~,.. 
00& · ~1~ 

CIS3 

0~~~---+~-+~~~+-~-+~'---;~~~ 

' . 
' ·~0~7~1~0--~~~7'::-~~~--~~~~~ 

E:n,ru (lfoVJ 

Figure D .!J: ASCA '''"'~"IU' sp,dra uf lES 23·1·1+51-l ( I ). 



Appendix E 

Synchrotron Peak Shifts of Te V 

blazars 

273 



21..J .-\PPESDI.\ E. SLYCHROTROS PE.-\1\ SHIFTS OF TEl. IJLt Z.-lR.S 

0 : ST -t B.Oe .. 

~-~~~~~------~.~.o----~,7_.--~~ •. 0 

buu(JraV) 

9 
Wrk.f.21- I IJG:i 8180-tl 

" :4/2t'l ll 11/3 
3 0:4/211 +: 5/6 

0·-t/:'.G X 6/fJ 
• : IS/I o: 5/11 

II Wri 421-llll04 SlSD+1 

o . ST + 1.5e 4 

+ ST + 6.0e4 

a: sr + '?.M-4 

~~~~~.~.o--------~.~.0----~--~~ 
&n<=ru (tr.eV) 

>1:1£/15 II; !i/3 
0• 4/211 • : 6/4 
0: 4/30 X: 6/8 

11/1 0: 8/2 

10-t l L~---------~----~--~~ 

10- 10 )1(: 11 
0 • t 2 
o_ 13 
+; f4 ... 

07 

Fi m t> E.l: 

0.'1 2.0 

3 X;3/21 
0:3/28 
0;3/27 
o; 4/2 

Eni!Ta:r (lceV) 

~~.7~~~------~.~ .• ----~----~ •.• 
E'neru{keV) 

2 
Mrk~O I IIHI8 SISO+t 

X:?/18 
:s 0;7/20 

0:?/21 
0:7/23 

£neru (keV) 

2 
Pie!2155-30t I IHK !IESO+I 

3 'X: 1/10 
O: 1/23 

D:12/2Q 

a · sr t 110.4 

0 ' Sf+ 7 ,0.4 

~.~.7~~.~.0~------~.~~----~ •. 7.----~.0 
Elnfli"U(keV) 

2 
PXS21!1~-30-4 tli9fl SLSIH I 

10-to 

3 XJ !i/22 
0; 5/24 
D: 0/211 

• ·11/14 
O:ll/16 

~·~.7--~.~ .• --------~,~ .• ----~,_-o--~~ 
l!nUIJ' (lrii!.V) 

~~~--~~--------a~o----~ •. ~0----~ • . o 
tlr.UI J {ke Y) 

F'i;.\lU'r 8.2: Srn('hrotrou pca.k •hift> of ~ I rk -121. !\Irk 50 I. Pl\S 2155-30 I and I ES 2:34 1+:; I I. n,.,,.Jt, 
fi'OIJ I tlifft.·,·cul ohM•rnttioua] seasou~> an• St·parHll:l_r ~J.l!OWI I. ·ST' is tit' ' .'itarl li11H' of (•arh ohst·n·atiOH a ...... 

liMed in ~ 6.l. 



Appendix F 

HEXTE spectra of Mrk 501 In 1998 

Figure F.l: RXTE HEXTE spc•ctra for h l'rk 50J obtn.itt('(l in 1098 i\ fa.v, llttccl by a. pow"r la..w fum:tiou. 

Du la for Lota] t•x posun.· (lll..' t 60 ktit·<:) <UT ~U tlllllt'<.l. lf•Jt: 1'11(-'I'A)' :-,p<·ctra for dusll•r~ O. r' !Jhf : t·u<·r·g,v 

:)pt'ctra for duster-1. 

Tab I<> F .l: R ·sult s of spetlnd fit ti u ~; or IJEXTE data 
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lwrausC' 1l1C Galadk <tb::)OI'pliou i~ ucgligihly ~wall iu tlJilj I..'UCI"h'Y' ht-111(1. .\ll f•rrol'toi ill'( ' 1 l1 . 

TiT 



Appendix G 

Spectral Fit Results of RXTE 

Observations 

2/D 



280 

\Irk 1~1 

.IPP£.\"DL'i C. SPECTRAL FIT RE Tl.T. OF {1.\TE ODSERUnm: · 

rail!(' G.l: Fil resll lls of RXTE SJ)('Cfru nf ). Irk ' l2l (J} 

·,()JIJ1_fl.._. j 

.lH I 11:t.: IJ ."l 

:-,utn:t.ill, 
:)111 11-l.tn:t 

.)ti l!} 1.:!1 ~J 

;,(IJ<JI. :tx t 

;'JtJ!I) J ,'j !)~ 

~,, ,Ill.).·,,-.: I 

lUI<W.Ul!l 

,lttWh.J7h 

.j(l:lllh . l ~l 

l1J:.?II7.:bl,.., 

lU:llli.:t.)(i 

-,ll:llli.Ti2 

.}O:l(li.DIIl 

.)(I:.!O, , Ih~J 

,j(J,Lt/!ot. l:lh 

lii:,W)'l:.:, .~h 

·,u:ltJH.:tl:t 

;,u:zmJ.I2H 
;,(J:_!()(j ,(i:t:J 

.-,():! tiJ.'J.:l:t 

,-,o~I0. 12i 

.'lU21U.h:?.""l 

~~ !l:!IU .ltO:l 

·,()1JJ.:ZCJO 

lO:!Il.-lhJ 

.'l(J:! II 'i'l7 

:-,():_1 ]\ .% 1 

.·,o:zt:z.:tn 
·,u:z t t. N.I 

~top \1.11) Lnt . 

rim,. lk-;PC") 

--111 1 ~ 1:.! . 119() 1). ) h 

.llt t9:z .: u~ u.:tfi 

.iut•tl. lt"2 o. ;u 
lflliJt.rnfi o.:z;-

;,uw.J.nt o.on 
.·,ol'J 1..u~.;, o.:r; 
;,op).J )~~m ft;.t 

i lll •n.;;nu OA ' 

.;ut9f>.02fi u.;w 

.·,u:zoh. t ~2 t).~:.J 

ill:lOh.- I:.!X 0 .2 1 

lU:!li7.'2-'H 0 .--,U 

.JIJ:lU7.:Ui:Z u.;J:t 

;,():ZUT.TtS O,;):j 

.lU2ti7JJ07 H.:"hi 

.·)()',l{l'(l ~· l t .:!tl 

,-,()2tl'i . 1'.!~ 11.21 

:-,n~u~.-1b!-) 1.1 1 

·,u1fN. :!2~ fHii 

:)lJ:,!tUJ. l:lH O.:ll 

~~O::!O!J.Ii:lH IJ .. "\1 

1fl:l111.:?2U 0 .• 10 

.;o1 1U. ta~ O..t'l 

.;o:JtO.t1:m o.-10 

:,o:! 1o.mlh u.:l~ 

.iU:? I l.2Hfi It lfi 

:)U2 11 i71 ll.li I 

-,u'lll Th-·, ll.!)~J 

;,l):l J l .~fj"l (l,(i. J 

".n:n 1.21s 1.1~1 

-,112 l:!.:lon u .. -.h 

.\u 
1020 fr: ul ? 

l.-1:1fix 

I . nih 
JA .• lflX 

l.l.;tl'C 

l.l)fix 

t..l:,fh: 

l . l .) fi x 

1.4.--)fi'< 

l. J.')fix 

J.):,fix 

l.l)fix 

1.nfi "= 

1.1.-llix 

JA."1fix 

J . l .'lfi X 

1.-l'•ti 'C 

l.l~fi'C 

J.l,)fix 

1.-l.)fi x 

t. -ntil< 

l . l;)fix 

l.l .itlx 

J. IJ"1tix 

I. ntix 

l .•\.1lix 

IA:>fh 

J..tlfix 

l.rlfix 

I.J',fix 

l.l:)fi . ..-; 

1.1-1fix 

Photon 

Judex 

l"lux ( 1- IOke\' ) 

IU -!1 t!rp./cm 2 /s 

r:J.:{x~: i~ 

~Jot.:n::::~ 
tJ:l.u:.r:: !; 

L:l!J. :ur~~-~~ 
12o.:w_! : ·~; 
1 t:; .:m! : .!~ 
t .. t.uo~: !~ 
l i1H.80~ : .~: 
I T:t. TO~::~~ 
c] j:),/0:~: : 5 

'l.L."..(iO:!:~-~~ 
11!1 . 10~ : :!; 
97.01 ::: : ~~ 

'1lb .-1U:: : :~j 
1 -iS. LU~i:~ 
'lOll.t){)~ : -~~ 

:rt.l.Oo:!:!: : ~ 
.1.")11. l(J~ : :; 
'l.").l{.lo!f:~;, 
2n .. ur~:t;~ 
;~_-,j).,'~fl~ ~ -~~ 

.tli.2tJ! ~ i! 
'llfi .:ur:i ~: 
16 1. :UJ~ : :~ : 
tH~ .• lll~~:~~ 
l f fj_(jiJ ! : :; 

l"i'~.liO~ : ~~ 
tr:uo: : ~~ 
j (jl).tlll -: : :~: 

J'J:t1u: : -~~ 
IU2.:U):{ ~i 

\' (.to[) 

O.T:l( lc>) 

O.f>.-l(-1.:;) 

0. 7~( -lil) 

IP~S( l-1} 

!.:,!!J(IJ;I) 

0 ,0.::2(4-'1) 

tJJiH('I ,)) 

U.X.~l•l} ) 

o .. ifi(,, .~, l 

l . f}:l (-1:)) 

(),(),;(-1.)) 

ll.Tl ( 13) 

O.fil (4.-1) 

fl.l-!li ( t.-io ) 

l.l.J(-)( 1.}) 

1.27( ll ) 

1.:~ -~( J,)) 

:s.ll i·l:\ 11 

\1.~{-1:)) 

O.fN -I.~J 

1.1~! ( j ,j) 

1..!·1( !.; ) 

f) • .!-lb~ j .}) 

0.,·1( 1.; ) 

{1,:):{{-1.;) 

0.72( 1.)) 

l.tl()( J,)) 

fUll ( 11} 

o.q1J(-1-i) 

l.ll!·l{-l;1) 

().().J( I) ) 

l argt•t 

.\Irk ~121 

Tab!(• G.2: Fit re,ults of :-Irk ~21 (2} t"Oitlttlllld 

Stan \ 1./1) 

,'",l):ll:l.():•h 

-102l :tt.JU 

=i011:t:J:},Ji 

.1011 ~l .b:IH 

.5o:n :l. ·~12 

.}0:!\ -l.:!tl:l 

-5011 -l..i ll 

:;o211.7ht 

.=)U21UH'I7 

.)(J:l].).:l.)(l 

.')()1] .'). 19~ 

50:ll.i.7ti:' 

50'11-1 .. ,2 

->U:lii',,(J!It-

5021(}.360 

.1n216.SfiU 

-~l1fl'i.76:1 

.iU'll i .ti7 

501li.:Hd 

.10211.972 

.~021 .2.12 

.1(121~ .. U)7 

.l()~ I S.tHS 

.1021U.:~11 

:)(J;:!J!J.~){) 

.')()21•1,;-(j:l 

.S0'1H,).~IJ7 

.:;o:.!:W.0-14 

ilO:t.2tJ.:t,M 

:)01lll .. ;~u 

.)0221.:t:Ui 

."'iU21l.~Hll 

.'i(l~1l.&JIJ 

:xm1.044 

1)(112~.:l- 11 

.)O'.t2:L:l61 

:;{)22:1 .. '>():! 

}(JT.l-I.U-Ii 

.')()1:.!7 .~· 1 

.)().).lt). JJI 

~.)."!l(l.'lll 

i}I)').JI).::V·q 

~())11U,:.N·1 

~(J(!rJJl.;l4"i 

.)(),).!l).:l(i:l 

Stop ). I.)U 

-'"' O:!Ja .2.l f~ 

:)O:!I:I.:i!i:l 

:1CI1J:l.h.11 

,)()11J.I)O. j 

iU1l·l.:!!li 

iU:ll-1..1'11 

-·l lfll -1 7/U 

iU:!l-1.'1(};1 

102l!l.4!-~ 

.)02 1.) .. ~0·1 

:-,l):!l:1,7f:iH 

·'>fl:ll:""l.>ttb 

:-,(}:!111.10 I 

·~o:lJO .: tf)I J 

-·IO:lJ(l..lf{-) 

.'lU'!lO.i'GI'! 

-~>02 1 T.:l:'2 

.1()11i.:H-)() 

;)fJ217.tlfl 

.'iU:ll .:>.;-,.~ 

-1011 Jj(l;) 

.)(J:ll>l,(i,l•l 

10'.!l!J.:I7i 

)JI'liJJ.,:,()b 

.)U2111.TIH> 

.)O:t l H.Ht17 

)l):.?:liUFltl 

.)O:l1().:t:UJ 

.';0:!21) . .") ,'} 

:1():l2l.'l,ll 

.)I)'U I .. 'lH2 

_-,uut_l.(,,~, 

)0111.1)-11 

:JU:t:n.:n.--; 
Ju:n:t'11fi 

-lO:l:!:J • .)JfJ 

."\o1"'.t4.u~;l 

.10-t'l.i.tlO:, 

.l(l'lit).J rH 

·~o:.t~n.t:t6 

.lo ·,.m.:N·I 

.·lll1 \n .• m7 

·)o;.w .. w~ 

;)():}.J().;f7t , 

lu1. 

1i 11 w (k.:-cL"t') 

U.nl 
tJ .-l(l 

0.1'1 

1.01 

I .Ob 

o .. J:' 
().)(1 

fJ .. ·d 

() •. '>() 

'" trJ.!(I/c-m.: 

j,';fi-c 

l.l'i!h 

J.llfl:< 

1.- \."JJi-..: 

1.-llli:oc 

l.-l.iti~ 

t.-nhx 
L.l1h'( 

l.-l;)fix 

1.1--JfiX 

l..J;ti:< 

1.(;"1ti:ot 

l.tl,i"hx 

1.1-"itix 

J..-!Mi .'< 

1.-l.ilb: 

IA)fhc 

JA,!)Jix 

l.l.lfix 

l.•J.'lfix 

1.-l.)fix 

1.-J:';h x 

J...J,]Ib: 

lAifix 

1..1 -16"< 

Lr,fix 

1.4C.fh: 

l.40tix 

J , 1-)fix 

l.Flfix 

1.11.-,fix 

L<nfi.x 

1.-I'JfiX 

1 --Plti."< 

l.·l".tix 

l.nnx 
I 1.\hx 

1.--CHix 

J •• ntix 

1.1.1bx 

J..J1fix: 

J.l.)fbc 

1.-r:Hix 

t. -nlix: 

J.ntix 

JI}JOIUI\ 

lrhJ,., 
l lu-..; ~2 IU I·t<.' \ '1 

I fl 1 ~ t•rp,/1 111.! '3 

~.~~fi.lll:t": ~~ 
Jhtl ow .. : ;~ 

11 1.:w•: ~~ 
1-I'J. IU +: ~~ 
11 uo+~ ~~ 
n:,.;-.r+: ~~ 
I'H.~\14 : -~~ 
11l'l.o!U -f.: ~~ 

1 .~ ) :w:: ~: 
4!8~-~~~~ : ~~ 
1.-,nJIO!: ~~ 

122.~0 + : !I~ 
2:!').~,n~}_3~ 
lliil.lfl+ : .;~ 
I(IU . UJ1' :. :~ 
J i:.!.'lli+-~:~~ 
t i t. :w~ : ~~ 
111. 10+ : ;~ 

tH:too:: : ~~ 
1 1).~(1~ : ~~ 
140.71)--+_~ ~~ 

%.%:!.: :~ 
l"(l.fi~+: :~ 

1-l"•-'h-+-: ~~ 
~ ).U!)+ : ~~ 

~JI ) I +- : =~ 
~l. )f)"~ : ~~ 
7 1~ .· 10 ~ : ~3 
h."1.Ui:!_ : ~~ 
~U.U2 t! :~~ 

J IK .. 10+ : ~! 
1U~.HIJ~ ~ ~! 
TH.>i:J t: : ~ 
XU IH1 +! :~ 
7(.~;1 .. : ~~ 

IJ)j-t: ~~ 
WI i'fJ:'"! ! ~ 
lh.~,.ho+! ~~ 

2'J.n!~ ~:~ 
tl(}.lfj~~ :1 
')(,.t'l.:~ !: 
~ff.hT_:: ~ : 
WJ.!)(J~: gJ 

11 i 211+: ~e. 
I:!:,.u.+•:.~i 

\l (Jnf) 

o.f:i)( n) 
u.-;-:,, n1 
ltllh{ I )) 

U.Jit Ill 

() . .".j"( J;) 

o.h1{·nl 

u.•l2t n , 
u.7nf n1 
ll.'N(-Ii) 

t.:.N(Jl) 
0.%{ ~~, , 

U.i'lt L)) 

o.:--.1( ll J 

0 ).';( l :i) 

{).~I {· { .)) 

11 . ' -J{·I.,) 

U.t~t·l,-,l 

ll f:!t lll 
l.l:S( Fi) 

tl.h:H.J:)) 

U.6hf 1.1J 

IX){ 1-11 

(Jh1t-15) 

l.lltll"l) 
I .U:l( I'll 

II.~ If I '>) 

ll .. i-;'((.~J 

f) ,ii-:1( J 'jJ 

u. 1ll< 1 :~J 

n.-txt ~-,, 

().~S(·I·,) 

U./7( li) 

{J,(jf)(l:'l) 

II 'iNf-1)) 

f)./ft{ liJ 
l}.h)( tjJ 

u.~n,nl 

u.hll n1 
U.TU(I.)J 

,_-;(,,nJ 
0.71{ 1-l) 

U.hlll-i) 

0.17f ,-,, 

(J,h'l( ,; , 

U.hl"( J.')J 

2 ' I 



\ Irk 1~1 

.IPPESDL\ G. SPE TR..-'\L FIT RES!"LTS OF RXTE ODSEHUTIO.YS 

Tal,](' G.3: Fit n· ult~ of :\Irk ..j:2J (3) col!luwPrl 

~,o:, . ll .:ll :-1 

Ciu.·}11 :HH 

:)(J.';j(.:i{J:\ 

;tl-1·12.219 

w:;1:t.:tlll 

io:;-12.2~··1 

0(1:;..!1.:!% 

r>(,,),r~-2 1~ 

:'"i().'). I~J.2~1 

1)0.) t:l,297 

Mlh l:t:ll ~ 

.-'1(,;}<(\)o( 2111 

."j(/,;41'1.~-1~ 

,)QI).J~ .2Xtl 

?!05 1<).12~, 

:'iU-14~1.1:1(; 

;"i().'"'II!UWI 

;)OS 11J :!..'\11 

."J{},').IH.!t l ~ 

;iO,'i .lU.22:~ 

,'}1},",,)0.:2<17 

:m,.;:\o.·.wu 
!)0:=.3o.:m:l 
.;n.-,."i.tt.:tjs 

,){p,-,u.:t.;; 

.jUi'IKi .~t'J 

_-,n.~n~.12~> 

~o~mt:t-lt 

1(1:'"1!;9, ql1 

:'!o.::;ciH.mn 
1fiYi0.2~.m 

;)(l;;to.:l-n 

:j(l.i71.lii:i 

-10-li.J .U9 

.)ll'i71.1-11 

.·,o:li:?. H,:I 
,j(J;';":.t:tl() 

j()i7-l.ll•i1-t 

)ff}j.j_Jh:l 

.">IIYil. l 71 

.)().17•1.2:1; 

Jltltl!J2:1-11J 

-,,H'~Cl:l .:!fi l 

,;()'t·ll .:l:lb 

-,o:-'>'ll.:~q:t 

1Wdl.:fi7 

."'t)f,J:l.:!!fi" 

ltl-)-11.:l:il 

.)/).~~l'l.:l~J(l 

.}1)',/l:l: Hl!J 

.')()[11:J . :l:~,Q 

.10:11:j .:lH/ 

}l},)1J:t:l09 

.)tl)J:j.:~t:l 

.)1Jf·l~ .2 1'1 

;;n;,.1~.2.1.'-' 

,)U.1-1~.;ll I 

.)O!;JIU.:l:Hi 

iiJ; !H.:t-W 

.1W)·10..1Ht 

,1\l.i-HI ,:II:! 

.Jl)511!}.:t?::J 

,;!),'150.:1-1!• 

.i O:").)O.:W:~ 

~>0iiU.:l02 

,') ().),)(J.:IJ-1 

~)0.1~0 .:1111 

1(lft10.!17:l 

;}j j,')tji.2-l:l 

)()5(j~.2-11 

ill.11i~.:.n7 

:''HnH!U)QI 

.11J,)UH.!I'..'U 

3t).)i0.2t:i 

:1t):)i i. IT:I 

.-,o.lll:.tll 
,')().lll.:t.l9 

;')IJ,';I:l. l T I 
:"l\) :"17'!. .1·!:l 

:;u.=JI•I. I(lfi 

'lll."71.lii' 

.w·~-;-, J .(HU 

:JII'i-1.1--li 

11lhU:l.'JGI 

.i tttitl:l .:! J-~ 

hll 

tinw {k~f'<'l 

1.7!1 

J.n 
I T2 

1.)~ 

1 •• },1./, 

l.llH 

l.IJlJ 

Lit 

I .Oh 

LOT 
o. ;~:~ 

I .IJ~I 

(I.W'i 

J_q:z. 

L.J.I 
1.\ .) 

l.l?l 

1.!17 

(1.'15 

1.8.9 

J.:u< 

1.11'1 

LUi 

0.!}!1 

1.41 

l.~fl 

l.l ;l 

1 .~.5 

O.lf! 

l :lli 

L2U 

Ull 

<l.~(i 

t.:UI 

1.:11 

0 .\ln 

1.17 

1Ui11 

I.Jj 

1.1"• 

n.tlo 
1..11:! 

I 0~ 

.\H 

ltP0/nn2 

1.-l:;fix 

l . nflx 
L J;>fix 

1.-1--l fh:: 

l.-V•fix 

t.nfix 
1. 1?)fix: 

l.-l iHix 

JA,')fi x 

lA:'lfix 

l.-l~tix: 

L-l.)fix: 

1.--l:'lfix: 

t. ·t;;fi_x 

l .-15fix 

l.4!lfix 

(.<).l:i fix: 

1.15fix 

l.l.;fix 

L-l:lfi x: 

t •• r>fix 
IA.lfix 

1.-i:"lfix: 

1..i.'ifb: 

IA:ifh: 

\A:}fiX 

1.-1.->lix: 

l.IOfh: 

! . !?. fix 

\.!:)fix 

1.-i:"'>fiX 

1.-l.=)fix: 

1.-(.-lfiX 

l.l:"ltiX. 

l.l .. lfix. 

1.-nth:: 

I .-nil'< 
L r;tix 

1.-nHx 

1.-1-ifi .'( 

J.nfix 
l. -1.)6:-.. 

l . riti'C 

Phnwu 

lndP 

!"lux (2 I <Ike\ ) \ 2 (Jof) 

Ill - I! f! rg, /cm 2 /s 

12·l . i'U~g-~; 
J OO.tlU~~ -~i 
11n.oo~t ~i 
!,2.02~~ -~~ 
9:l.U1~g.:~ 
/6.~:)~~ -~; 

"1!.-l:r!: ·~~ 
s~.:jt -~t~-; 

X/.7,";~ : .~~ 
X(UI'.{!: ~ :~~ 
~()..;/>!~ ·~:. 

1 -ll.fi~!~~ 
) 1 ){).!)(1~ : :~~ 
l · lti.O(r!:g ·;~ 
ti .)J ,;o! ; ·~~ 

•1.)0. 70~ ! -~~ 
-l l:t ~l(f:!:: ~! 

~I OjJO!! :~~ 
'IOOAO!~ -~~ 
lXILtlO~: :~~ 
jf.\l}ifl! : :~6 
p.::..Jo :.: : _ :!~ 
l 2.70! : . ~~ 
l~4AII~~ -~~ 
:wn.2n~ : -~: 
1:10. 10-:!: : _!: 

J:t:t:ur:!: : . : ~ 
12.~.ou± : · ~~ 
1~)11.6()'~~-:~ 

l !)cl . IO: : : i~ 
lltiJ)(I! : ~! 

1711.10~ : !~ 
11 u .. -,o:: :~! 
10l.HI~i :~! 
no.:s:ti : g~ 
s-t.i:r: : ·~~ 
,).i.ur:~ -~: 
~l.tJ -1 ! : ~~ 
7H.21 ~ : ~~ 
TfHis-:::·~~ 
Tfl. t -1 ~ ! !: 

tiU:t:-,o: : .e~i 

·HM. 1 o:!:~·~~ 

0.81( -IS) 

0.7:1( -l,i) 

O.:}Xl -1-1) 

() •• )~)( t(:) ) 

o . .-,!J(-1-1) 

0-"·'(<1;) 

o.nl('t,; l 

u. rlN·I:t ) 
O.iil (-1:;1 

()}i7( ·1-1) 

n.:-.1( •1.1) 

J .0:'1(•13 ) 

0.6:114.;) 

O.J~{:I-1) 

1.]:1(•1J)t 

2.\IOI •J.jJf 

1.17( -l:l)t 

~-"ll I> )I 

0.611( •1.;) 

li.HT(•I:i) 

0.87( 11.) ) 

I.O:I(·I-') 

(1.~11( •1 :;) 

O.Htl(4?)) 

J.O:J(·Io ) 

o.7·1( ·1o) 

o.mJl..l .:-,> 
U.i),'}(·i :")) 

o.Ti'(-nJ 

0.6:;(-li>) 

1.21 { -l.=)j 

0./H( -101 

O.G-I( tl .~) 

u .. 'i·H ·I3J 

ll./.~ {-1 ~) 

O.ii:J( ·I:i) 

o .. j7(·15J 

O.h,{-Jf}) 

11.42(-lb) 

0.(>11(·1.;) 

ti.~S( li) 

t .. ):l(4.-~) 

t: Ph1ou ~pl't ' lrt111t i~ 11(11 wdl l' t.'j\1' (':-o<.·utt~d h:-· <t pow<-r law fi1utliou. ilow(·Yt: r . liw ''\lloff puwtr Jaw 

fltJI('tiou i'"l ... l;.ilbtkally ( L< '' ' '']\ll.lhl<.• as WI' ::-Pt' iu T:1 l)lt· G.ll. 

}. lrk:iOI 

Table G.~: Fit r<.'sult~ of RXTE~J>rt·tra ul' ~Irk .JOJ (I) 

St<trt \I.ID 

.)(l:l!J6 .. )il 

;w:r;~ .. ~o l 

5tl.):l.~).l )1'-;j' 

:l0:\:2.1.119 

.:;().~ll.itM 

5U5·1l.JHi 

~UM2.1H.i 

-'10irl2.16-l 

50fJ·n.l!l5 

.-:,u;,.J:l.:l:tl 

.~ 1),)-lJ.:JO:l 

50-1--H.4:t-·, 

11)..'111.1}.301 

,l)();). j,).-J-12 

50fi.JH.:l:1fi 

50.)-Hi.v;O 

~).)40.1-1 '2 

,")05·1T.2:m 

no.i.I/.2-UI 

!)()~li..I;J{l 

ilO;)tiS.:lt~ 

,")().~)l'ltC1:ll 

.')()~4~1 . :l(J1 

.>JJ;WJ.:l:J2 

.-10f;50.1~:~ 

.~)(},j50.- 1 -l~ 

50i).:lf) ,.l,_~ :\ 

,;n.-15 1.:-tC'irl 

:wn.1 t.4 .j9 

.-.w>.12.:na 
.)o;,;,-z.-~;;r 

,)(J~Q:t:!ll•l 

;}().j.i:}.:J'il 

:<i(Ji54.1 II 

iO.ii';•\.l-l :i 

?10.1 TO.l i~J 
_')():1/U.;f!)<! 

.)(1.;7J.J~2 

.1lJ .;72. l~t1 

_j(I:Yi2.2!)~ 

Srop \ 1.10 

.)01Htl,:),'.::f 

00:~7~ .• 11 j' 
;,(J~:l;).(J,Io/,t) 

.-,u:-,:t;1.110 

:)0,)- 11 .20-1 

.)QiH I .:Wi 

;.(l,)..l:l.HJT 

,1():).12.-174 

b05t!:l.:W'i 

,JI}51I:t:l-cll 

fl(J,'~·I·I.: ~J 1 

,''iO,i·l\. ~14.1 

.'iOll·l.;.:l t I 

.)054 .;.; .4 .~2 

.)Oi•Hi.:l,\0 

-10f)>l().:l).-; 

,}\):)46.-1.;2 

50,'}4 7 .1•11 

,;().~17.:lb5 

.:;oa 11. 1·16 

.10,}.1~. 2i ,) 

;)()fill .;J:UJ 

SO:l4!-1.2US 

:-,Q,) It>.:i-1!:! 

;'10550.10:{ 

,')();').;(1.-1.31 

.j():).;O.·lfiO 

,'j f).').:;:J.27f'\ 

;';0.151A6i) 

.)Q.),'):l.:$<12 

:iO.S.)2Afm 

.)Q,) .):I.2i'(J 

~o.:r;:tJ8:l 

7)().)34.t~:j 

i(J)-"'1.4-~1 

.:')(J.)j'( l . l~2 

:;u.;; n. •IU2 

.)();..ft. Il-l.~ 

-1tn72.t'N 

,')()?!7:1.21)0 

Int. 

tilllP lk,.;11C) 

l.OT 

1..11 

O.I!J 

U.l~ 

1).~5 

0.'11 

U.!li 

O.l->2 

1.0-1 

(1.17 

0.7:0 

(1.;! 

0.1 

0./'o.Cl 

u.:J. 
O.·l:l 

n.8h 
{)..! .) 

0.51 

1!.~2 

U.f):l 

U$5 

I) . ~J 

O.lol:l 

0.85 

0.::!() 

u .. :;.-t 
O.h~ 

IUJO 

0.7~ 

l . fJ:l 

1.0!> 

0.$1< 

1.02 

(J.()(} 

().27 

I).~) 

UJ)H 

0.110 

()Jjj' 

·'ll 
I02U/nu·J 

1.7:Uix 

J./:flix 

1./;Uix 

l .i:Jfix 

J.j';ifix 

J.7:Hix 

1.1:1nx 

l .nfix 

l. l:tfix 

I.t:tfil'O 

l.T;lfi-x 

1 :;:wx 
L.I:Ul-.; 

J.7:Hix 
J.j:{lix 

l .l:tfix 

l.T:itlx 

J.7:tfix 

1.r:u1:-: 
J .l:tfix 

I.O:Ifi 

l.i':lthc 

t. l:tfix 

J.T:tnx 

1./:tfix 

l.l:tfi x 

1.1:1nx 

t.r:~fi x 

l.i!Hix: 

I.T:!fix 

L t:lfix 

l .T:Jfix 

l.i:lfix 

l .l:tfix 

t.i:ifix 

t.I:Hix 

LT:Ulx 

l.lafix 

t.i:lfil< 

J.i'~Ui x. 

(•JIO!f'\l 

lu,ltlx 

nux l2 11Jk(l \ ) 

IU - t! t·ru. 'cm 1 t ... 

111 .,1 () 4-~ ~~ 

1:) I. to !~-~~ 
:tH11.00 ~ 1 ~~ 
!W~.71J+;·~~ 

:tti{.Tu~ : .~~ 
;ll 11 . 10+ : ;~ 

'l~N . I o!_; ~: 
:u,un-+: ~! 
:il 1t10! : ~~ 
:11 ),!·}():!: ~~ 
;l'j:UHI~ : ~~ 
:\611.~().:: ~~ 
'!!11.~10~ : :i~ 
:.!~:t w+! !~ 
14 . Ju !~)1~ 
21:.. w+: .~: 
'l · l4.7<r~ : -;:~ 
~--)-),.)()~ ! :~ 
2,; 1.-,o--:: : _~~ 

:th·t. Jo! : ~~ 
:t i 1.!J04 : ;~ 

!!21.20~~ i! 
: 11 ~1.10 I! ~! 
:w~t~u:: ~~ 
:t){ru;u:_: . ~~ 
l'li .. )(l:~ ~~ 

t~J)(J~~ ~~ 
~:u .~o!~ ~~ 
o:1s:.m:_f::: ~~ 
4:W.9trt--: ;! 
12t.:u-t:~ ~~ 
J :t~..to+-: -~~ 

11 •1.21~!~ ~; 
wa. tu~ : .~~ 
O?!!J . :lU ~ ~ ~-; 
:ll.:l.:l()~~ -:~ 

:w.~.un:: .:: 
:i(J!:I.(l!J: i ~~ 
:iM: J.~u:! ~ -; 

:1x1 .t)u:: !11 

o.• tl 1.>1 
o _,"~ ri( Ill! 

O.IS( 11 ) 

fi _()H(·I-, l 

tl T l ( l'i) 

0 ""ill11 

u.~lf.il 1.1) 

0$·1( 1:.) 

1.110( I ">) 

l.l<lrnt 
I.IO(tl)l 

(),!Jri(· l .\ ) 

ll.Hil("i) 

(l. /1 ( 1)} 

tJ.(i-11 ·1;)) 

U.fi:.!~ J.'ll 

ll ./'o.2( l 'iJ 

tl.Wit 11J 
U.ill( J,'IJ 

{),(12( .,.~,) 

l. :l7( 1l) 

U.l<l i l">) 

O.ll-:(1:",) 

U.fi1 il) 

CJ/):lf 1•1) 

L.·ITIH) 

I.IJ<I( •I">) 

I.IL! Iol 

I.I:Jf L-'ll 

I. I'( 1">1 

u.x t ( !">) 

U.' llt l-1 / 

I .USt 1.)) 

l.:l.~ll l )) 

1.1-'i(- l,lj 

lt:>i:Ut :l.'; ) 

n.Yi(-1-11 

()J>;I( 1.1) 

u.~ IO{ •J'l) 

U.Xh(·1-1) 

283 



,\ I rk.)(}! 

.-H'PE.YDL\ G. SP£CTR.-\L FIT RESCLTS OF RXTE 013SERI:·l.TJOS 

Tr.i>lr· C:.3: Fit rc~nlts of \Irk 31ll (21 r·ontint( C'r/ 

Starr ~1./IJ 

."i():ij':f lii 

p,{):'}t;t.:J!-}:1 

;)();)//.!11() 

:10~1'i~1."211 

.lO:'ill.:nJtl 

:'i01/li.:~11'l 

:}{),"1';7,: 1:1'1: 

.-~o.J7R .• m.-~ 

:iflfi'ill.:Na 

:I01t'tl.tH: ~ 

;)O!lHI.IRH 

;)(J.1S2.:mo 

:10),-.::I.IRI 

so:')~n.2:,!, 

;,l)i,.Jil.!IM'.! 

.-lt)f).ll.l.'>l 

.lflfttll.li6 

:i()(l ll .\J,'ot:l 

;)Oiil:l.li>l 

;,tJ(l•I2. 17!J 

-~nM'l.H~l 

.=';1)61!1.1-'i:l 

;>Of~l ;l ,/7-, 

-,Ufi·I:I .SIK:l 

.)flh·l·l.l ~:! 

i.Ob·II.IT-2. 

-,Ob·IUI:·n 

~l(JhJ/i . I. .):J 

'"Jflfi.Ji.l ;:1 

:,tN:~~.l!!h 

->I1!F1>\ .: t; 1~ 

iiJ91tCI1li 

lU!l1S. : Jil~l 

,)J)I):>~A/1 

lii'Ji ·.·1~7 

.)()~J'l~. -l:t~ 

."jUWl,.,._; J·\ 

.'"1{ 1~ 1:-)i'\ • .:if)\j 

JUH~.,)I )~J 

'iiOJ) \I.IIJ ln1. 

Tituf' (k.-.t<c} 

-.u.y;:u '!J IJll 

~,o;;f:t..JO:! (} .. "'ifi 

)H-li·l:l():l {)..')/ 

.;Jnil.:,a:l t.lh 

:=iO~Ii-1.2~~2 1. :~;, 

'jtJ;,(.'l.IO•I 0 .•• > 

}1\:l/(l.lf)tl 1.1 •1 

-,():11/.:j:F; tJ.:It) 

·m:Y;,. IUfi O.Hh 

.;o;,;!l .-10'1 O.&l 

J0.'\~11.1!}1 (UI:I 

:-,o1~1. 1 !M O.t>U 

.)l).)h:l. ·IO~J tUJ I 

;)U;)H;J. 196 0.17 

.;u.;Ha.26T O.fll 

:-,ul)4tUJ!.H O.l'-U 

)tJ(iii.J(i(l l •. UI 

·,ofHI .J!ll l.18 

;uh· ll .HH l 0.7. 

-1{)()41.166 l.:ll) 

.i tJKI::!.l~ll 1.:U1 

:it.Ki· l'l.WJJ U.Tl'i 

JUt)-1:u 6~ 1 .:m 
:IUII·I:\.1 1ll 1 .4~ 

;;ur,.l:ttm 1 u. 77 

.i0()1JJ.16U l .-12 

:"t{lh\I . IH:l IJlfi 

-~uh·l~l .lJ!)2 o.n 
'""1Uii·l1. 111 I .(lU 

lUf1 I 1.1 H:l l.6:1 

;,!jq;-,,K.. I (:J IL.)X 

.;uu;;~.;n 1 1.()2 

;,tN.:;:LJi:l 1.2-1 

)1)!)3-.t •• )ll 1.():! 

-.uu .-,t--.12:~ t .01 
.-,ll'l;)."',· i;F) 1.07 

,){)!).)~ • .-).) ,') J ,(IIJ 

.lf)IFilLl:iS 1.10 

·")!):)t--, li:t O.:lH 

;~OfJ.)S.h\'2 l.n 

1.7:trv: 

I.7:Uix 

t.i:Hh: 

1.7!Hlx 

LT:'Hix 

J.7a!h:: 

1.7:Hh: 

I.T:Sih 

1.nfix 

i.r;Jiis 

1 .i:Hl.x 

l.T:Jfix 

Lnfix 

t.r:.Jfix 

l.7~HLx 

t.T:Ifix 

1./:lfix 

r.r:wx 
l.i:lR:x 

1.7:~fix 

1.7:Hix 

1.731ix 

1.7:Hix 

1.7~Hix 

1.7:1fix 
l.i:Hi:.-c 

t.7:Hix 

I.i:lfix 

1.7:ifix 

l .T;iflx 
1.7:Hix 

t.r:tfix 

1./:~fix 

J,nfix 

l.T:Jfix 

LT:Hix 

1./:Hi.'< 

I.T:H1" 

1./:lfix 

J.I:Ub: 

Photon 

l r1dt~X 

Flux (2- IOke\ ') 

10 - J:! erg/cm2 f$ 

~~):1.70~! ~~ 
1\tt . lU.!_ ~ ~~ 
276.no~: -~~ 

:!91.~u::: : : ~ 
4J .l.:l()::: ;~ 
.J:-:0 . 1(1~ : ~~: 
I().).YU:::: ~~ 
l:?:l.~U :.':_~-~1 
4:i:too~ ~ -:~ 
J.'>H.~w:::: .~~ 

·1 ~1.1 • .1 u!_: -~~ 
.~oa .. :;u ::_~··: ~ 

~t9:t.70~ ! -~ ~ 
~m7 .. ~o~: .~~ 
:N~J.:m:_ : :~ 
w> .3tr!.J;~ 
hl~I.~Jtr: : .~~ 
lil l.lU!'! .~~ 
!lHO.IU:_~ : ~ 
5S t.nu::: : -~! 
.'}!)7.10: ! :~~ 
.j(}U,(j ()!~.~; 
.):t i.Tll! :·g 
.):!J .. Jtr:: ·:: ~ 
.;:·t~ .~o~ ~ ~; 

011$11~: :~ 
61J.mJ!: :~~ 
rlS~J.:}It~~-~~ 

700.70~ ~ :~ ~ 
H~b.()O~ : ~i 
IUG.:.!O::!:_:.~~ 
100.:)0::~:~: 
l uO •. )O~~ .!9 

lnn.uo:::~-~~ 
~)~l.10~g ·~~ 
9~).{~1 :~ ·~~ 
l)9.1~~g ·:~ 

1()2.1{)~~:~~ 
~ll.IW: ~ :~ 
lcJ:cw+~ :~~ 

1),, ll( l-1) 

U5J.ltl-"iJ 

0.61( l-11 

n.:>7t.J0) 

0,~1( ' ·' ) 

LOll( n1 

tu.:t-:\-131 

IJ.lJI( ·I·l) 

J.J{j( -l.'l) 

u.~o( ·l .il 

t..!:>( j.) J 

I.J:II•Io) 

O.hll(4o) 

il.!IT( -15) 

I.J2(-15) 

l.fi6(45) 

l.-1711-')t 

2.1~(-1111 

1.-1!)1'1)) 

Llf)(nJ 

l.fll J,;) 

'-'12!1:i) 

I .()9( ~1 .) 1 

\.~ 1(-1)) 

LIJSI I') 

2.0o( ·l"> lt 

1.;;6(-1.)] 

l.ill (-1·.'1) 

,,_.;:!('·'It 
:J..t.-}(-17l)f 

OJi:l( !;) 

<Ul9( 15) 

{ 1. 77~-1.)) 

(IA ~lll.)) 

0.5·\l •l.) } 

u .. l7(·11J 

ll.H!Jt·li J 

{).{i(j ~ J .)) 

0.70( -l ."i) 

OJIU!I-i ) 

.\lrk .'1()1 

T~blr G.G: F'il resulis uf" \Irk 301 (3) r·o11liuuul 

!art ,\1./IJ 

i)()!):"),!t(~\2 

.)l\9,j~.f)/i} 

,)()9.)8.10·1 

.'lmJ.l8.~ 1.;. 
;ltm.)~.~27 

.;(m.-,ts.hN5 

;)lnJ:W.1Hl 

.~nn;;9.:1a:c 

.:;o~J:)n.:t~x; 

,10~1,-,H..lt)O 

-W~J.}~) ... :!I 

,)()~1.)9..'\~I~J 

,)l\!J-1~).()1;! 

,;(JlJ.)H.6:li 

/lmJb9.67ll 

,'){)Uf>9.ill I 

.'}(J!)(i(J . (~I(i 

.)0~/(}l)_j(,() 

.)tlUhU.:!~~~ 

.~IH6U.:I:tt 

.i fJ60.:no 

.:lO!JtiO.IUO 

5UUGO.·I17 

.:;o~mu .. r;:l3 

:iO~lhO.il'lfi 

:-lmlfiu .. -.6~1 

.')0!)60 .• 199 

.)O~J60.61:$ 

,j(IV(il).(i:U) 

Slop \J.IU Int . 

tirne(b(.'C) 

.;QIJC,~.62!> 1.1 

W9.il'-.t'i!}(\ J..Rl 

.-}o9.ls.ro6 0.:11 

,)O!J.:,$ .1"l~T 1.0·1 

J0H.1~.8.:W I .Ut) 

,l t195S.~JU6 I . 7'~1 

:JmJ'j!J.:UJH r.:tt 

.>m).~~~. :~ .;. t 1.~ 1 

.i:t)!J,)<J.:I7:J I .<12 

)!J!)~HA1:t 1.~)7 

"J(I!).')H.4:W l.UI 

.-,on.;H.Gt:t 1.1~ 

:;o9.J!J.62T 1 .20 

.>OH.jf).6:l9 o:l l 

J!Hlf>!).f.i~lf:i I./VI 

,)f)!)3U.I0fi 0 .1-J 

:)(l!J!lU.106 O.l'l(i 

-W06u.l r2 tJ.?;8 

10\IGO.:IU(i 1..1·1 

fl09fiU.:tJ:j 1. 78 

:'lO!lGU.:H2 1.41 

;()!l(-)0..1:.?1 l . i 

.:;o9HOA.:m 1.01 

.I~Jfilt.!)llfl I.J2 

.)(t$}(l!J .• 1;W 1.14 

;')(JHfi\). ,112 0.11 

50~J(i(),() J:J 1. 1."1 

;)O!Jil0.1'i~7 I . I 

:l09(i0.6a~' o.1·1 

\ 'u 

JtfU1/cm2 

L7:tfi'< 

l .iafix 

l.r:Jfi:-: 

J.7Jilx 

J.t:Hi.x 

l.i:'Hix 

Li!lfix 

l.i!Hix 

J.t:Jlix 

l.T:Hix 
t.l:lli x 

t.7:tnx 

J.l:lfi>. 

r.iafl;oc 

l .i :lfi x 

J .i:lfix 

J.i:tnx 

l .t:}ti x 

t .r:mx 

1.7:Hix 

t.i:i6x 
l.oJtix 

1./:l fix 

1./:.Sfix 

J.7:tfix 

1.1:1nx 

1:;-:mx 
l. i:l!ix 

t.T:Hh: 

l'h01on 

ludC'x 

I hr'!' 11 Ink('\-) 

Ill I:? · ·r~lnn~f:. 

t o:t~u~·~ ~;~ 
lfl~.Jtl:~·~~ 
1()).711 +~.~~ 
lui.~O ~~.:~ 
I :!2. :HJ!~::~ 
ll:.t:i0 ~~-~6 
tl :t :u) tg_~~ 
111 .:10 ~~_;j 

IIL:W t_~:;' 
IIU. IU~j·~~ 

lOS. I U~~ ~= 
1 u.>. iu~g ~'! 
1[)3 .:W!~ ~ : 
I(M. HI ~~ ~j 
10".711~~ ~~ 
I IJ>-.00 ~~ .~~ 
L:ll),.")ll ~ : ~A 
tla .. ·,o"!_: ~·: 
ltl :t :ur~~ ~~ 

IU1.:1(J~~ ~~ 
ltHAU!,~ ~~ 
103.~0~~ ~'i 
10 1.:w:~ ~~ 
lOO. HIJ:!,~ :~ 
10~. 11)~~-:~ 

91. · ~, ~: ~~ 
IUO.JO~~ ~: 
tt1:1.:)n4g ~i 

%.11~ig~ 

fl.il(·li) 

iJ.Iil\1."1 ) 

0 .• )2{·1·;) 

U.fi: i( Jl'i ) 

(Uii(•l; ) 

ll.Ul"(-J.j} 

0.1/l -L)) 

u.u:u 1-il 

O.ld (-li) 

11.71 ( ,,, 

tl.h-1{· 1.-1) 

(l. ii( l:l) 

IIJn(-1:"1) 

tl.h l j i ';J 

fl.xf( ''' ) 
II H~( I.)J 

(l.!t.~J( ljJ 

!l.ot( '"' 
IJ. :J.J(-Fl ) 

n.;;:nnJ 
U.hO( 11J 

L;t:t{ l'l) 

IJ.M<( l."1) 

IJ.Tq(·ll) 

0 . \11( 1:}) 

lUoil)( It~ ) 

IJ.ti4J( Iii) 

1).~0( , .,) 

U.{i."j( 1,'1) 

2 :.; 

t : Pitton sp<:tTrmu i:-. ntH wf'll rcpr<.•sc.\Ht.ed b.\' a. rowel' la.w fun<'liun. hnwt·,·t·r. LIH.· cuwfr pnw,.r· bt\\' 

fuuctiou i.:::; :;;lu.listif.·<llly an:C'pt~dJIC' n~ \VI' S<'l' iu Tnbll· G.J L 



28G 

1'1\"i :,!J.·,-) 

-:l{fl 

APP£.\"DlX G. S'PECTR \l. FI T RESL"LTS OF RXTE OBSER\ :.J.TI0.\"5 

TAb]l' G.7: Fit rr-,ults nr RXTBspcctra of PI\:S 2l.j:J-304 (1) 

Sntrl .\ I.JIJ 

ill:li1}.02T 

;>O~I~J.I:=iU 

.l02 J<).~(Jtl 

:)11'!1fJ.a1)7 

.".)02 J!l .. WI 

.)(}~ I ~J.h!ll 

'ltrtl!J.<JIO 

-111110.0Jo<(J 

,jJJ220.'1.'l.i 

flll22().~'JS 

"lh:l2(U!Jl" 

.)tll'l0.(if1) 

.-)02ZI).~H~ 

,-,(1221 .{11111 

,")1):!'1 1.29"' 

.)li11.J.:N•J 

.)OZ!l.:1til 

.)()221 .7UU 

5Uti 1 .~1 1)>.. 

.)IJti i .\)(,.J 

·,o222.U~l 

ft022'.!.l:"ll 

;,():?:!2.:l~-i 

-lll21'l.:NO 

·,1 1121J.I~()I 

.)O::!"l:!.lill-i 

-~0:!22J){): J 

.}trn."l . (i~I 

-1U:l11.i'--,'l 

-iO:l.t:,umJ 

."l t Ul2.~t:l 

"•!lti:!.S:!h 

.1U:.!:!2. HII 

;)\Jti:! .H."HJ 

;;()'l::tlliJ :? 

-l!ll:!:I .U:ll ~ 

-ill~:!:i . Ul'i:! 

-~U;tl::UJ~) I 

·,n:n:t t -"•2 

\u•12:t.~:.u 

Stop \1.11> 

;U21 1J.O:~ I 

:t.U:tl9.1:'lT 

-lU21!):1:M 

,J()l.JO.-I m 

;,o:.!JlJ.;l:c:t 

-~U2 l f1.71}(J 

~~n~HU} JI 

:iO:l~l\ ,t\~1.1 

.pl(l2:11).:l:•:i 

.-•ll:l2U.:tn:t 

.}0210 .. =,(J:l 

.l()l11\.(i6j 

:)O:l:l().HO:l 

,)tJ2~l.l110 

;on1.:11n 
:iO:!:l l .lUfJ 

,-,(l:l2J .. '1ti() 

.-,U221.Tijli 

.}()22JJ)().J 

30:l1Ulit 

.l01.22. 11J I 

lll2:!2..171 

.'102:!2.2~JU 

:i()~~:t.: l t);i 

;)(l:l:J:Lii l • 

.1 U:!~:l.!):tl 

\ll2:t.U>~ I 

:J02:l:l.(lH~ 

.)02:12./!ii 

:-,U:!:l:t.;.o,J:i 

?>O:tl2.S:lh 

:i\ l:!:tl.~; J I ) 

.1012:!..\l,l! ) 

:10:l2l.~J72 

.liJti:tu:.!f:i 

-,u:!:ruJ;J\1 
7,tJ22:UN-I 

:; l t~t:l.J(),} 

.lii'J:!.\. 17'1 

:;IJ:.t2:J.1:N 

ln1. 

tiuH~ (k.se<") 

u.:w 
0 .1(1 

o.:m 
O .. itl 

IJ. Ik 

().;;:~ 

(),:r; 

J.j ,} 

o.• 1 
U. I(J 

O.:IS 

Cl.lii 

0.1:1 

()A~ 

(1.-1:1 

0.:1:1 

UAU 
U.fi;J 

0.54 

u .. ~ t 

1.~~ 

1.70 

1.2fi 

1.1. 

l .:lU 

I.! " 
l A~) 

J .• \1 

I . : ~ ~~ 

1.07 

I .OH 

J.OlJ 

1 .. '.7 

IJII 

1.12 

1.11 

1.01. 

1.()2 

J,-;-(i 

l Ab 

1.7dix 

l.i'i'fh: 

1.71fi"< 

l .ilfix 

l.iifix. 

Lilli:< 

.L77fi:< 

1.7ifix 

1.77flX 

1.771b: 

1.771ix 

L77fix 

1.77hx 

l.TTfi:< 

L illi:< 

1.77fix 

l-77h:< 

l .TTfi.'< 

l.i'ifix 

l .i'ifix 

1.77fix 

1.77fi.x 

1.7ffix 

1.7/th: 

1.77fi>< 

Liilix 

J.i'7fi"< 

'1.7i't1x 

t.77tlx 

l.ilh'> 

l .TIIL"< 

1.7Tfix 

L7i'fl ."< 

1.771i.-: 

1.7:-fix 

l.lffix 

l.ilfix 

J.77tix 

1.7ilix 

1./i'h': 

Pho1on 
Index 

l'lux 12-JOk"\') 

10 - l l er~/cm 1 /::o 

7i.UJb~: .3~ 
Ht.:!·l!! ·;~ 

~fi-U(i~!:~ : 
~ .~(i: : .~7 
S.1 . 7 1 :::: : :~~ 

10 .. ~o~::~~ 
ll t'!.(lO~·~~ 
110 .. -)():: :~~ 

l1~l.90~ : :;i 
1 :14 .70~! ~=~ 
14 An!~:~~ 
!Hi.JO:: ·~~ 
116.00~ : :~~ 
1 2o.no~: ~~~ 
101 .: ~o:- ! ·~~ 
1.07 .20~ : :~~ 
~, 1 .o:r~ : :·.~! 

~>a.w::: :~~ 
1\ltdO:!:::·~~ 
HJ(..J():: .~~ 
114.01\~~~~~ 
I Ul.Cll)~~:;~ 
ll1.20!g_~~ 
J.I :i .:l():_~:~~ 

i2L·JU~~:~~ 
l2:J.:lO:b .~~ 
t 2t5.:Jo~!~ 
12SAO~~·.~~ 
l :t l.OO~~:~~ 
l •1 8.H()~: :~~ 
l i(} .. )O:_!·~~ 
l (i [ ,,)()~:·~~ 

1 7~1. 70~ : · !! 
1. 7-1.2(1~ : ~ :! 

lt 1.70: : .i~ 
t7:t:w~: .~~ 
wr.ou~ ! · !~ 
1 (itJ.:w-:: : · ~~ 
l{):l.:i(l::~ ·~; 

177.004 ~:~! 

\ 1 (dnf) 

O.H(l(.:l.lJ 

0..1~( · 1 ~>) 

l).(i/{ cl,)) 

U.08(•1.)1 

IJ.S 1(-1-i) 

0.•1'1(-!5) 

0.92(•J:J) 

O.S.)(·Ii>} 

!Ull(r\7i) 

ll.I·I (•'•J 
u . ~J~(·I.-,J 

U.l-1(4 .'11 

ll.h:i ( l;i) 

!) .~J3t-l·-') 

O.oX(4.;) 

u.;~(· I .)J 

()..;1 (·15) 

O.hJ (-1-iJ 

u.o~( 4.;1 

U. /:!(45) 

U.7~t-l fl) 

0 .()7(4-l) 

(1.·1-l(4:j) 

.I.IC>(41)) 

tl.?l~ll · Hl) 

(l_.i(j(,(.\) 

O.T'(HI 

n.mJ~-l5) 

IUJG(...J .i) 

11.("1(4->J 

l.lli(Hi 

I.Oo( t.\) 

1.12(1\) 

11.79( ).jJ 

IU115(4;)) 

1.29\4-=J) 

O.lJ;"I(•ll- ) 

LOll n1 

l. l l(·l.\) 

J.O:i(4.\) 

Tar gel 

PI(S 11.1~ 

<10-l 

Tab!(' G. : Fi1 results nf P I~ S 2100-:.lO I (:2) coJJtunwrl 

Sl<trt ). LID 

.102:?:i,.i:~l 

.1n2~n .. ;.,~ 
,)022:1,.0::1 (1 

,")022:1.8-Tl 

.501:.'!:1.X~JU 

5fJ1:t:t:wt 

:;O~:l:'L~)l$J 

"i022•l .Ul'!. 

~:!11.~\J;-

5ftl2·1.:1M 

.;on<~ . -t7f.J 

5022·Ui14 

."',():2~-1. i'(j~l 

;)022-I .~JO I 

.son;;. tor 

.;u~:? .:; .:l.J!J 

;Q22.) .! ()j 

.10220./:u 

502:!.) .• :J.J 

.)01:!.),!)6~ 

5021fi.u;~ l 

:?0226.105 

-~22().:10:; 

;')ll2:lfi.-l:IX 

50226.:>.)11 

502:.!6. {(}.j 

.')()2:1.(i.~)O(j 

<10227. L•li 

.:;(12:a.2~m 

?)(J:nt.:u s 
<10227.: 1.)~1 

.1()111.-Uifl 

,)1)2:!7.61):1 

502'l1.7:U'i 

"102'li'.J<l7 

~ll22i'.H7 1 

502U.I·I J 

;{/1'.1".:\71 

;)(l:!~.;;:-,:1 

:>()2:!M.MJJ; 

:-.top :\ 1.10 

-~ll:!XJ..''>·I.S 

.iel:!2:L11H 

.lo:n:u;:m 

.1n22:i $~)0 

'11J:l:!:tml7 

,}O:n:I . ~J.::;j:j 

;jiJ22:1517:} 

,)()2:!-LU:li' 

7;012..J.2l:l 

fl02i-J.:iQi' 

~{)~:!•t. IAA 

.\O:l1·1.6:to 

,)fYl'l-4. 7('i~J 

.1U:tl l.HO>i 

1022-1.12-1 

.·,n:!2.l.:toil 
) 1122.3..1% 

;)(l;l:J,!)./;til 

·1 022-~-~..J J 

,)0115.117.} 

.JO:L16.0-1:t 

.~(fl2 fl.1 1 :2 

?,112'lf;,:mH 

bl122().·1-11 

.)Q2:.W.bh~ 

~)21fi.i'il 

.)0116.H l0 

,j(J:fli.l .i:l 

:ltJ:l2i.27l 

.~tl:/27.: 1.=)1 

i102~i'.:l60 

:i01:l7A9.l 

~02:t7.1itJt{ 

:'iOt'.ti.T•Ii 

-)()t'lf.!-;.-I:J 

,J(tl'l7.97i 

.~Ut2l$. 1 :=j7 

~o:n~.:r;·i 

.lUtii'I.;J{il 

.~U22S. IIll 

Int. 

time tks('r) 

I. 11 

1.~ I 

().H.; 

l.(iU 

I ..II 

1. 11 
l.:lf) 

1.ao 
(}.1') 

0.10 

f).Ti 

o.:l·l 
o .. >t 
0.5~) 

1.·17 

o .. jG 

0.29 

0.-12 

O.IH 
o .. ;g 
l),(il 

0 .!).) 

(),:Sf 

o.:t.l 
u . .-,1 
0 .. '»1 

o.:J:> 

o.:)tJ 
(1.2~ 

l .:lll 

()_,;.-, 

(1_:-,[ 

(1.48 

O.llll 

(J.OI 

o.:1o 
1. :~~ 

11..11 

ll,f,6 

o .. :;:t 

-'u 
11):!0/wll 

1.7ifh: 

l .'iTlix 

1.17fb: 

l.Tffix 

1.771h: 

I.T7fix 

LIT fix 

1.7Ttix 

l.i'7fh: 

I.Hflx 

1.77t'ix 

t .i'7fix 

l. ilfix 

t .i'7fix 

l.Titix 

l.i7fix 

l. ii'lix 

l.iitix 

1.7Tfix 

l.litix 

.1./i'thr 

1.77fix 

I.ITfix 

l.i'lfh: 

1.7/fix 

1.77fix 

1.77fh:: 

t.77fix 

L7#fix 

1.7ifix 

1.77tix 

l.fi'fi)( 

J.i'i'(i"< 

l .iithr: 

I .T7Jix 

t.i'Tftx 

l.7Thx 

L.17tix 

l .Ti'fh: 

l.ilf1x 

l"h•lhlll 

lntlt·"< 

l'h1X (:! IUkn\) 

10 -u l'rfl,/nnJ.f::~ 

21JIJ.11)+: -~~ 

:!llh."o+::g: 
'llll 11)+:.~-: 
JCI:u nl-: ~~ 
1~:-\.1(1+: .~~ 
tiu.:.wr: ~ '! 
t$:Pm-+: g~ 
192 .. i(f'": -~~ 
17K1t l+ : ~~ 

!:,:).~()+ : ~= 
J I J 1.fiiJ+ : . j~ 
2117.<10~~ :; 
2t~t:w~! ;~ 
:Zl· L :to~ : :_~ 

11"hAtl~1i ~ : 
17$) :1u+:·~~ 
:li:Uill~~ j~ 
:tJ t . .-)ot: :~ 
IU-1.·10+ : ~i 

-:.m:J .. JIJ+: ~~ 
'21.1.70+: =~ 
'lfl~. 1n :,t_ : g 
:!U~. 10+~ ~ ; 

IX~Un~~~~ 
W~.tiO! : ·~~ 
J:l2.~1 1+ : :~ 
1 :1(}. 11)~:.~! 
t :tr.w+ : :~~ 
li ~UJO!t~ : 
I I ~l.:m+~ ; 1~ 
li;i.U(J~ : ~~ 

JIJ.:ur!; . ~! 
! •!.),:,()~: ~~ 
1:11.10:: : ;~ 
j ;\!J. to~: ~~ 
t:l-1.10!~::~ 
1.'11). 10~~ ~~ 
J!JI,.iu+ : ·:~ 

112.1r1r: ~! 
lth.Tu!! ~j 

1.·11 (4."11 

(J.i~l( J.)J 

().~6( l'i ) 

!1 .• ~( 1 1) 

IUI!\1 11) 

{) tjS(·I.)) 

I.:! I ( I'll 

J.llli{ •l) ) 

II . 'i{l;q 

11.~111;1 

1).~ 11( l.i) 

fl.ii(J-,) 

tl.t-11( I:'!) 

1).77( ,.,, 

1.-lt{li ) 

1.111-I>J 

IJ.TU li ) 

tJ.1'IO(n) 

u.~J:ll l i) 

Lll~t n, 
l.lltl(];) 

U.iJ'l( l.l) 

I.O.l( 1.1) 

U.ilJ( 1-il 

0.7~( 1.1) 

n.nf1( J!i) 

O.W(l1J 

ll .:l'll ~;")) 

(l,(i.i{· l.-lJ 

ll.(iit ll) 

U.h71 1"1) 

U.il\'1-l) 

o.fi';f.n) 

0.71( ll) 

071( n, 
0-1*'1 , .-Jj 

{/)'ill( I)) 

IJ .. :<).)jJ.'i) 

lt.fl2( 1-,) 

(1,:1:11 J.';J 

2 7 



2 8 

PI\S 'll :)i 

.-11'/'ESDI.\ c;_ TECTR \L FrT RESL"LTS OF RXTE 0138ERI:-!TW.YS 

Tahl" G.9: Fit 1·rsnlls of P I~S 2J,j::i-30 I (3) 

Swr1 \LID 

-.u:.t.!>t . ..K:!i 

.ll):l'> }l('l 

i l )'t~!).\111 

:wun.2:'>1 
.ln:.tl~, 11~1 

;(tJ:.!~J.--1-~1:1 

;11J"l1».6Ti 

:JU:l:t!J.h~-1 

':)Ol'liJ.!Ii":? 

(j(};l:l()_]t'l() 

.-I(J:l:UJ.:Jti 

:'JO:t:U).I~:i 

',o·J'!O.!l:l7> 

:itl:l:w.x:w 
~.u'l;w.I J J:{ 

,1(1:,!;j J.Jfl:! 

:iO'l;' I .(J t:~ 

--•\l:l'47AT£:i 

~•02 'H.Gh:l 

(}tJ:l1JI.h();; 

(lfi\0\.:JJI) 

'011)1.:):1, 

:iOIUI.;r;:t 

11{)-llll.:lh.-1 

_-,u-ltll .:icJs 

:itl!Ut.l:m 

:-.01111. J:l2 

.)() lUI If}.! 

3Uitll.11)(l 

.;l).lttl Y!O 

.l()hii.:,;Jj 

-W·IOI.-if'.t 

iU ltll.-tl'-7 

.;{lltll.HI!ii 

iUIO:l.l}t)i 

'itll(li,:J!IS 

1lllt1/.7\l 

-W- IU~.;Jti 

~0111 1 ).1:!:-j 

Stop .\\.ID 

.)flt"J8.X-J:! 

;,C)11~UI7~ 

:.o~nH.ltJ 

:\(121H.:n; 

->O:t2qA~r 

.")O.V!I .. )II() 

"Jtl:!21l.b'i!l 

;)1)2:29.102 

Sli2~U)7(J 

:;o~:lo.tJ2 

-,IJ:l:IO.:liSl 

."Ju2~10.- w:1 
~U'ZHI.tl:il 

~'l01:l!L"40 

iii~:IU.HiH 

·,n2:!1.1TO 

f:i():l:~ J .H:tl 

.i fi:JST. ~m:l 

'"tU2 '!J.h$0 

.)O:W \ .6~ 1 

l)()oi() J.:t:l2 

--Jtl-10 J .:! 1~1 

:')l)l( l t.:~.~.~.-, 

;11-llll.:UJ~ 

;OHJIAII 

.'-ttl Htl..l ~fl 

;.n tULJh 1 

.)\1·101.·177 

5H 101 .• )20 

.l!JltH.;,:t l 

:1(1-Hit.:JI I 

~1)11\)J •. j~/ 

:)U·IIII.!lO:l 

.lOHJI.htl 

\I)Hl:l.fibl 

.)0 IU'i . 11:1 

'itiiU/,7 l(j 

w-tu:-:.:1,11 
)\IWfl.l;n 

Int . 

rinw (k~Pr) 

Q,.'jlj 

h.:,:t 
O.flti 

U.h l 

(),(if} 

O.tl· l 

0.111 

1.11 

o.:;u 
u . .-):l 
o.:1-1 

U.il\ 

().:')() 

0...13 

()))! 

U.IH-i 

l.j8 

1. 11 

lAC) 

IAl 
I. HI 

ll.'!O 

l .Ofl 

!.Ill 
(.l:l 

1.1(1 

!.Ill 

!.Ill 

J.21 

1.2~ 

O.li:l 

~.~~ 

l.2~ 

n. JU 

().~(i 

J.:l!) 

o.;o 
1. 12 

O."i-.. 

Vu 

!(/20 /cm'l 

\.Ti'Jix 

J .771ix 

L711h: 

1.7ilh 

1./tfi--.: 

J.i7fi:l! 

l.iifi't 

l.iifh_ 

J.71fix 

1.7'7fix 

l.71fix 

L.ii'fix 

l.i"ifix 

l.iilix 

J.77fix: 

1.7Tfix 

I.T'ifix 

l .iifh: 

l.Ti'fix 

l.7i'llx 

t.Tilh 

\ .ii"fix 

l.Ti'fix. 

J.Tifix 

J.Ttfi:o: 

1. 77fix 

1.7ifix 

1.7Tf'ix 

L77'fix 

Liifix 

J.Tilh 

l.711ix: 

l.Tiftx 

\.17fix 

J.iifix 

L.ii"fix 

Liifix 

l.i7'lix 

l.iifix 

Pliown 

lncl,-.x 

cootinuC'd 

l'htx (2-I!Jh\') 

IU - t1: rorgfwl.! /:3 
1 w .. w~ ! .~~ 
1 .~;, ,.1(1~~ ::i 
JU-t.:Jo:::::; 
17 · 1. 1 0= ~ ·:~ 
l t )•l..10~::!~ 
I c;:UJO!_: ,;; 
J .~8.SO~ : :~~ 
t .v~.no:~ -~~ 

l ·t'l..uo! : :j~ 
l.W. HJ!: :!~ 
132.10~: ·~~ 
1 -l~l. -10-: ! :~ i 
t.)H.:m!~ :!~ 
UJ4.~0~! -;; 

1 - I I I .SO:::.~~ 
t :n.oo~! ·ii 
l ·l!UW!g·~~ 
•t:u;~!~.~~ 
:W.II(f_::~.~~ 
1l.ll l ~~:: ~ 
-13.f)t\!~ :~ : 
·I i .:tt!: :;~ 
16. •lT~t~i 

· 1 -l.(it-l::~·~g 
1.-•. 6~~~:!~ 
il). l :g·~: 
I H.O I ~~.:~ 

~l fU)H~g·:~ 
.-,~Ju:~·~: 
.);tJ J."!t~: 
.11U-J~~: ~~ 
6-t.t,u!_~-;~ 

lil.t!r~g:~: 
r,.1.11~: 1: 
· I~I .H ~ ~~:!! 
~~l.l7:~~~ 
t~I.SO!: -~~ 
/9. -r~t~g 
65.ltl .... ~ ~~ 

l.lU(.J.1J 

ll.li:J(4;>) 

0. ".J(-1:;) 

o.:,t:H.tS) 

U.HI(-I.'i) 

O.h()(4-1) 

O.i l{-1!)) 

o .. ;ul'l-i) 

O.(ii(-l:lJ 

u .. l7t·t.~l 
o.mt-1'\J 

O.i\0(·1.'\) 

0.79(-l.-lJ 

0.4i{lj.~) 

0.5~(4.i) 

(),'j,'i(·13) 

U.fif1(4flJ 

IJ.Iil(•l:\1 

0.<1.;(4;}) 

llA.i( l.i) 

!Loll( 1-iJ 

IJ.:~T( . t.,'; I 

0 .. )1(4;,) 

u . .-«(·15) 

(J_,;2(<1,l) 

(J.U91·l5! 

0.4~(-1 5) 

O.li0{·1.3) 

(l.l 'l·l'i) 

(1.111'-l-~1 

ll.fi!li ·l:\1 

U.T\1( •1') 

11.11!(·1.';) 

u .. W!·I->1 

u.~l: l(-l,oJ 

o.-·lll" ·;J 

().~'lt ·J.)J 

0.1"(-15) 

0,5:1(-1.5) 

2 0 

Tabl<' G.JO: Fi 1 r('~11J1s of PES 21.::;,:;-:lOl (·I) n>ll/inu, d 

">tan.\I.JlJ -=i1op\I.IU 

l 'h:S :!1;,,-:; -~O·IU'l.fiUf 

-:J0-1 :lOIIO.-I•J:l 

SU•llO. 111 

.ji).JIO.·IHi 

,;(} 110 . .-l:{t 

.~llllO.hOl 

fi0-110.1172 

-i0-11 L.:ll~ 

:IU·Il.I.:J;t!j 

.:;o-ttt.:nc; 
W41 L.:ll\11 

.;(I.IJ IAU2 

50-111.1"-l 

50-Jll.·Wi' 

.")()..IJ .1 •• ):12 

.j0712.!J;)5 

5ll77:i.n:m 

.1U7T·LT21 

.>U~:l2 . t:IO 

;;o~u. t :rt 

.jQ~:.!2 .. ');J4 

.)0.~2:-t ! ~il 

btl ·~:i.j: ! T 

llUX:H.:JII~ 

,')0~14 .. )(), 

0082:\.244 

:SUS!:!:l.f'iO 

5(J~2(j.J: t;~ 

.~081fi.OOH 

.itJ. t{)9.f'l(l.) 

.')OIJO .. JI,.., 

.!i(l.t ! O. trr;-­

OIJ.Ili>.l•t 

;)0·110 .. 'l4S 

)t).JJ()Ji\1 

,10-IIO.H~l 

iiiH II.~:J:) 

50-111.:118 

.')U I II.:tl-.:!) 

;>n-111.·101 

,~)0.11 1..114 

.')().JJ1 . 1!'il 

.)!HilA~ I 

;)lJJJI.,'i·l 

.')llli:!.969 

!'itr:T:\.650 

3077 ,J, Tl·J 

5os:n.-J:l:~ 

:l(JX'l:.!.l -11 

;;u ' 22 . .)·1·1 

.-=i0/S2~.1 12 

50r-1:t.')-lf::i 

01 1~2-l.: t l~ 

.'-.OK2~t.1;!.[J 

.')0~2;).1iJ:t 

.){)S~().l ~l ·' l 

;)01'\:lfi.(il:t 

u.:1.1 

0 .511 

l.:!:t 

t.:n 
I ..I:! 

1.1:! 

t). .... i 

t.:UI 

1.:11 

I.IU 

I.O~J 

.I.IU 
1.20 

l.:l.il 

IA2 

!.:!.;; 

0.~11 

o.:111 
().:~1 

U.:l!J 

IJ.&< 

O.AA 

0.71 

0. 6 

11.00 
(/ _(!) 

(). Ill 

(J.~R 

UAU 

l'ho uon 

I. i"Tfh 1. Tl~.t~; 
l.i'i'fi:oo 1 .. "iX t~~-~~ 
1.7/fi'( :!.//+~-~~ 
I. i7fix 2.~-r:!:~ g~ 

I. iT fix l.'iO~~:~~ 
l.i7th: 1,.1.ii!~:~~ 

L.TI!ix 1 .. ~.~~~-~~ 

J. 17fi'< 2. It'~~ ~~ 
J. 77th ~.Ht~~ ~~ 
I. 17ti' 1.~ I !~ ~~ 
1.7/ll.x ~.7i'!g_~j 
t .i76x :l.s:r:g.~~ 
1.776'1: l.77~~~~ 
l.iTfi~ '!.. ',i~.t~~ 
I. iT fix 'l. iii!~-~~ 
1.1/lh: :S.IJ:l~~ ~~ 
l.77fix :Uti+~~~ 
l.lifix :ulb~~-~.: 
1. Ti!ix :t.n~r!:e ! ~ 
l.7Tfi:< :l.tJfi!~ : ~ 
1. 77tix 2.s:t+g ~: 
1.77fix :J. l .i~g :~ 
1.77flx 2.w::g-~~ 
I. iifix :~ .. YJ:t~ : ~ 
!.i'lli"' a.t1~~ ;~ 
t. Tihx 2 .~r:_g g~ 

t. 7Tfix :).17::~ ~= 
LTflix :u~!~~;. 
l.(lfix :t.2f(!:g·:~ 

J inx(:! luk ... \ ) \ ~ tdufl 

~JL7...: +: ~~ 

'(j', 1 j'. : ~: 
~It\ I[ :: ~; 
.~s.t: t +~ ~~ 
"1!)_1\l +-~-~~ 

lN.9l'(t~ ~ : 

I !1~! .1'\U+ : ~~ 
j'l), 1:! -i ~ ~~ 

~1.tJ'll_~ ~j 

''J.:!7 ~~ :;.~ 
'iK.i·1~~: ~~ 
~!).7:!~ ~ ~; 
~~~.rt:~~~ 
I);,.UH!~ ~~ 
!lb.:n+~ ~~ 

1-l i.O(I:!:: ~~ 
:l-11.111: : ~~ 
t ,~;J.90~5 g~ 

Jjj',~--~: ~~·, 

·11-l.U(, -t : !! 
:l.l .- 1 ;+~ ;~ 

: t:l.n~! ~~ 
:q .(il-l?: -~~ 
2l.;JH::-g~ 

:lll.4~:::·i! 
;z.~t ~ : ~~ 
(l:z .:u~: ;:! 
10..11; + : :; 

:}1 .. \t)+: ~~ 

n Ji! 1;q 

II h-1( 1.1) 

u.,; 11 n~ 
11.:\'l(li) 

O.h(,( Il l 

u. ill( ,-~, 

llflt-n) 

<1." l "l 
tl II( 1;1 

O,ltlll;"tl 

f) .. "i"\1 J'l) 

() it-1(1)) 

o,:ltJI n 1 

IJ.~Tt l:lJ 

U.'IU( I )) 

1 11>1(-"1 
l),.)(i( {-1 ) 

U.Tilt•l:,) 

ll .:tli(l;";) 

ll.!ifi( J.'}) 

tl.h:l{-~~) 

IJ. Il( I" ) 

o.M•htt:., 

ll.Cill·l-1} 

0.11( I"•J 

U.><I(·I,-•J 

(Uj!l(-l."j.J 

I).Hij(IJ.~,) 

0.(;1(4.;) 

Table G.ll: F'il rl'sn l t~ of Tel" blazu r. with a en loff power law fuHclioJt 

l arget 

\Irk -11 1 

\ I rk .)lJI 

.~ti10~,/),M)() 

,)0.1•1H.21:i 

,)U:)tl~l.~: lb 

:~o:>-'t!J.:l.m 

.;1);>-19.:.?. ~) 

,;o(i02.2(i l 

.'ii)6-J I.I:'1J 

.-;(}fi.JI.I/6 

:ilJ(i 1·1.1-)1 

,')()1'1'1:).1)'2 

·,{)(jJ;') •. J7:J 

,)(l:l(J8. ,)(l!l 

.)0,:"J•iH.2:tu 
;;o:;.J~.1 ·t<.) 

f)tJI).I~J.:m:l 

:,o.;.w.:\ 11 

.!;(J(J():l.:lf:l 

.'j(lfltll . .lhH 

;1.()(-).11.191 

~l)(jcJ.f.lh~l 

:11)1,-J,).Jil 

.)(ltj.j.i.I!J~ 

I.J -J 

1.11 

t.ll 

l.J;) 

UJO 

1.02 

t.:lll 
L:l» 

1.12 

\.(;0 

l.Cl:i 

IA;Ifi'< 

\..l.)l\x 

J.J,Jfuc 

1,JI.1f'ix 

IA:lfi.x 

I..J.irlx 

l .l:lflx 

1.7:Hlx 

1.7:Ulx 

LJ:ttiJC. 

1./:Hi'( 

l·II.~U~~! ~ 
l:l~J~o ~;~ ~ 

~1:n1~t-1 ~~: 

111.11~~~ -~ 
:\'J:t.u~, ~);, ~ 

;'H·I.bU~ ~~.; 
Ht'IT;Vi~;i: 
(tfrL:t·)~~~: 

no~.7o.:!_~~ 1 
f"i~b.6l ~;~~t. 
,,,1.~·-H~i~ ~ 

0 h;i{ II) 

fi.TCI[·I•IJ 

11.7-11 J I) 

O.Xi(l-1) 

IJ.fi,~·ll) 

o.•~t Ill 
1.111(1 1) 

1.11111 I) 

Ill! HI 

1.2fil Ill 

J.Ol( Ill 



Appendix H 

RXTE Spectra of TeV Blazars 

201 



.\f'PEXDL'\ H. RXTE 'iPECTR. \ OFT£\. DL-\ Z.-\RS 

... 
~. ... 

I ~ 10 I 

... 
~ ... ~'-

L::,:.f--"-~, 
... 

... 

+++I I ++t1' It I f'-<fl./lltf~illllliii'P~~ 
~;. 7--., ---;, 

r.ner1f(li11'1) 

-;·-~,--·~~~ 

rn..rulhVl 

Figure H.l: 

... 

... 

10 2. 1------~--------'"'-'-+-j 

: + 1-.,-+ ,.++++1l 11hl 1 't~T'itt*•''r~Jfhrrt•,' 

10·2.f----+---·~------'--l 

' 0 .. 

"' 

+, 
-; ---.--~,~~---~~ 

r.a•ruftceV} 

,--~ --~,~~------~ J:neru(•.,•Vl 

10 24r-~-~~~~--~-----l . 

wa_.r-~--~-~-~-----1 

' 0 

++++ + -t t++ 1H+ 1tt 1+1 t'ru 1~i1mi\V~ 
~~--,--__!;.-·-, ~!0 20 

! 
~ 
• 5 
' ~ 

~ 
l 
1 

{ 
~ 

~ 
i 

I 
! 
' ! 

Fil;UI'(' H.2: 

:29:3 

trtl'Ap\~IHIQ>j ---....., 
-----..... !lm-~Jo 

"' ......,~, 
'" 

10-1 

10 1!
1 ~-· . 

+++-rt tt 1+Ht1/fl 1t1r11.i,l11t9,il.lll
1
\ 

!>•~•n lll•'ll 
111111 W•r t}!T.UHi lb ) 

... -~I 
"' 

'I 
1o·t 

IQ-1!:4 

++ t t+tit/t'+'/'N"·i'll' \''~'~' 
tnuo (1<01~) 

lltii1'Jui~Calfl&h} 

~ ... --.......,_ 

'" 
~ ,, 

... 
lo-2

4 

+ j 
-i+Htt 1 I '' I 

1
1
1 

d + _,,,,+,' ·"''' ~'n"~''' 
- -; . .., •• l:n•tU lkrl) 

ltlltl llayfkf.:GilfiC.,) 

"' 

,,o ~. 

' 10-1 I 
1o-2"' 

+ 

----~----3 ~ 7 Itt 
....,,lllote.\1') 



20~ 

"' 
I 

"' 

i 

"' 

IPPE.\"DL\ l-1 . 

L.,.J"UIW'-"1 IIHifiJIII)'fltt(;2 (A-.) 

RX1"&-PCA 

' r~ootru (kiiV) IIIII' Sow {IIJ:C4 t,., .. ) 

llXTI::PCA I 

RXTE SPEC TR.\ .. OFT£ \ ' DLEARS 

... 
~ ioO 
.! 
1. ,,.., 

10 24 ~--~--+-~~--:-~~- ,_ , _ 
' 

r,. .. , .• , t~<•VJ t996.J "L7 (R£C2. Hoab) 

RrlT.-¥t:A 

u•-2,.~---~~'-:--:-;-~~-.I,JL 
' 

Fip,ure 11.3: 

HIIIIIJ•n (Ht'J& Low) 

"''""" 

---,.-

F igure HA: 

rligfl)• n lRt:C& Hlah) 

ltnt' J>tt. 

to · 2.l---~-~~-~- . , j 
' + + 1-

20.) 



Appendix I 

Homogeneous SSC model 

I.l Solution for a Spherical Geometry 

\\ 'r sta r! from the cqnation ( ll.l ) 

F (11) = -
1

-., {d'1? [.J.rrjv(?Jrxp(-_fn ,,(/:;)d.•')]. 
~ r.rlr. . (Ll ) 

ll'llen• .iv and <l v are emib~i 111 and absorpliou codlici('uts l'f'SfW<'livt'l.'·· F'nr lit<' ~ynl'hrol ron 

n1~e. th ey are gi1·cn in (3.37) ami (3AO ). \\'e cou~i dc·r here· I ht• ;.piiC·rint l snnn·t· of radius 

R. ThC' &phere can be di1·ided into I he Mtm of cdiJI<Irif·al shdb, ll'llo~<' c·<·UI<'r lin<·;. are 

alig111"d to the : axis. Ead1 shell is ,.<'1'." thi11. having t•qunl 1 hickJJf'S.' d.r. Thust· ~hells ca u 

hC' further cut iu to riugh. ll'hich arc aligned in parallel to .ry-pla uP. E11ch riug has au equal 

11·idih iu height (d/) in lh -~ direction. \\'C' firs t C<Jil~>irler 1hc t' lllission front lhf• c•at·h ·ring·. 

summing up to a singlt• ·cylindc·r ' nrx.t , 1111 I finnlly all the wutril•utiou from cyliurlricaJ 

sh<'lls m-~> adrled to Cillculatr thr ctnis~ion from the cutin• b)lhf'l'<'. Thr· sdwlll a tic• liew qf 

the cross ;.l'ct ion of the homogeneous spht>l" is givt•n in Fignr(' J.J. 

\\ 'e start from the relations 

r(<• )sino = RsinO. 

dl = r( n Jc·o~o - r( o + rio )cos( o dn ). 

!3oth quations yiC'ld. 

Similarly. dy is simply givc•n by 

Rsin() 
r/1 = -_-,,-do·. 

·w-C\ 

rl.r = R~in ( O + d())- RBinti = Rn,s()r/11 . 
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dl 

z dx 

\eJ 

observer 

j 

X 

Figure 1.1: 'dl(' lll (\.li(' v il'W uf til•• tTU~ !-;ectiou or a. l !<lliiO~(j JJ('OUS spller ··. T!JP ~l.nl.dcd part 

n'JJrf':->eut a ' ri11g'. 

\\'c• obi nin llw ring 1'\>hum· d1' 

. . ., . . , rio 
rll = 2-.rR~mOd.rd/ = 2-.rR· sudicosOr/0-.-.,-. 

Sill-(\ 
(1.13) 

['!J, . pht•tou Jlux <'Ill ill d fwn1 thi.~ ring IYill he '1hsorbed h.r a fa~tur ex p( -o,J ) brforr 

l''(·apinp. frwll lhr· 'flhrn• . . \ N;Uillillp. that onl_,. photon~ cmitf('(l in II](' ~olid illlj!,iC' n ~ 
ll + c/11 r·an lw ob~l' ri"<'<L II<' rau cultulatP tlil• lumiuc"i1y front lhC' ring in r1n 

wht'l" 

, do . 
r/ , 1.(!1. 0. r/!! ) = ),.dWwd\ <'XJ1( - ovll = G(IJ)-.-.,-<'Xp[-<1,,h(tt)], 

).111-(l 
(l. T) 

(L ) 

1.2. C'ORREC'TLO.\" F.\ TOR ; C'1oHu ::wo 

(Ul) 

:'lintc• that. I hl'rC i. a rr·lat in11 

(LlO ) 

:"Jext 11·e consitkr I he f' IHission frnlll a siugle cylindrical ~lwiL iui Pp.ml of dS,.(n. 0. rill) 

OW'!' Cl \·ieltL lhC" 'olu 1 il>ll 

r•-° C(O) rl . 
rlS,(il . d!l ) = In --. --[exp{-n,,/1 (n ))jrln = C./(01 . o a,.R6111 0 rio · (Lll ) 

( 1.12) 

.1(0) = BinOro~>OdO[l- l'xp( -2ovRcosO)J. ( LJ 3) 

Finally. contrihutio1ts !'rom t'<tch cylindrir·;J r.hdl ar,· ,,llllllllrclup, <Htd i11 t,.p.raiNI ow•r 

the solid anl!,lc-. \\'e ii RI'<' lht• toteJ i11II1iuosity fi· 111 llw spbl'rl' S,. 

f" '~ . 8..-2 i, . hvR~ 1.·1 
· "= "' "' /o dSv( ll) = · 1[1 - r·xp( -2o,, RI )] rll . o n, u ( LI~ ) 

Thi. _,·ield~ straigl1Lforw;trdly ll1e obseiTf'd flux at dis! Rill'<' r/1. 

( L ].j) 

wh<> re r,, is the optical ck•pl h in IIH' bl h along the lin f' <>f sight ;mrl • ·x pn·s~<·rl a;· r,. = 

2n , R. 

L2 Correction Fact or; C~:orr 

\ \ '(• cal ull\1 e t II<· correc t ion factor in equal ion ( l L3). based ou tl1 f' f'onuiii M l',in•u in ;oulcl 

(1010 ). In a homogeneous modr·L the electron p0pulatiou is assuuwcl1o l,f' h o111ogr m •o 11 ., 

on· r the ~ource. This results in I he 5_,·nchrotron ·mis. ivity .iv is nbo holuogP IJ <'< >II S. how­

c,·er. lltP numh('r density of pl1otons n (fo) ~houlrl nuy drpf'uclilll', on thr• posi t ion iu tliP 

I>OUI'('('. 

Go11ld ( Hli!J ) shnwed llH\1 in a IJ OJllO&l'IIeous sourc ·. the lliiiUbr•r ci<•n,i tl· dtRHgrs wi l h 

tht• radial distaun· frou1 tl11· r·rnkr ~ (~ = r/ R) as 

n(O iJ> (~J - (LIG ) 
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Figllrc 1.:2: Pnuc.:ti 011 (jl((). whid1 n'tii'Pt-:eut~ L!Je dcn.';-ity of ~.vndtrotro!J pltolou di~:H~rll111l". ion in 

a IHII.IIO~<' III 'OII" ""urrP (11(() '< ifl(O). f. i" d..tiw•d as f.= r/ R. a11cl ,,. i~ t.h., radial distauce frot11 

t.lu.' n"ut.c·r. 

1 . 1 +E. l 
<I>(f.) = -(1- ennJ--1 + -2. -11: 1- c. · (1.1 1) 

and ill11st r~tcd in F'igun· 1.2. 

T il(" lutal ttutnb<·r ofs.ntdtrotron ~elf-Cotupton (SS ") photons produced per unit lint<' 

pN ini<'tT:~I of rh i;, proportional to int<·gral / , ~uch that 

I\" I ~ - I = 4 { r/C(~<I>(() = l 
rllrlc .In (118) 

(,,., •• I' ([ II ill io11 (:20) nttd (:22) in ;ould l!JI!J ). 

\\ "p approxinHlle u(f.) nt lite ccnlPr of lltr ~outT<', wl•ich cor rt·~pOJH i s to 

<1>(0 ~ <1>(0) = 1. (LJ !J) 

£1 ., !ut ., .J 
' "1'1""' = ..j d("(-<1>( 0) = ..J d(("" = -3 . 

. u .u 
(1.:20) 

whi ·It makl'~ tUi~r(';UJing or Hh,oJut(' 55(' flux hy a fad or of -J/3 from the He_-m·at<' So]u liott. 

Ti1c inH•rl of 1 hi' fac-tor. i.<' .. 0./0. ~hou ld he u111lt ipli ·d tn c·orre!"l tlw '"l't photon densi ty 

[or iuwrse olll plPtt ;.cattr·rittg. \\"('thus correct 11(c11 ) b.1· a fal"lor Core(= 0.10). yi<>ld iHg 

( ) ·'" c· .i,-( 1 - c· "" 11
). () (tl = -,- "'"- . Wfu o,, 

( 1.21) 

Appendix J 

Numerical Approach to the Kinetic 

Equation 

Jn genera l. tl1' kitt (·lir <'qnatious of clc•·l rom;. gi1·eH iJJ <·qnat ion (3 .. -3). can not hr• ~oh·~d 

analylicalh· exc<'pt for very s itnpil• C<lS ~ which do nol inYoll'l• I h<• ••on-liuear pro,·c·s~rs 

(e.g .. l\ardaslte1· 1 !JG2). Jn ~i-1- II'<' deri1·cd I he <lpproximat<" solution for t imt' .,.,Jlut ion nf 

elcclroHs in the ace I culling I'CftiOI/. wlti](' numerical approach ll"<l.'i tl('<"P'-~ar~· J(Jr l'lllillll>!l 

,. gion. b ·a use of the high non-l in!'arit.l' or inl·erse 'olllptun pron·ss in thr· l~l<'ill <\7i~Jiinn 

regime (equation (3.3-l) ). 

\\"e soh·cd the Pqttalion ( li .7) ad<•pti ng a fully implicit difii:rt'HCP bcl •<·m · prop<N•d 

b~· Chang&:. Coop<'r (I!J/0). Thi~ nwthod wa den>] pt·cl itt lht> ~tud.1· of FokkC'r-Planr·k 

<'qu~ tions which dcscrib s a11 i11f:iuite. isotropic. fully ioni7ed pl~sma. This r·qnatiou ha1·r· 

lhe fonn 

Du t 0 Da 
-
0 

= -(-·) -
0 

. [D(.r. I )a+ C(.r. I)-[) .J. 
I .-l .t .1 .1 

(.J . l) 

iu Ill(> dnmain () 5,/5,10. O<:;,.r<;; v . with...!. IJ. and C Me· all positiH' fnuctiou,,. Tlu· q11a!l 

tit~· .r u~ua!J_,. rrprc'f'llih n n·lo ity 1·atiahl<• a nd u(.r. l) is till• ~inglc partidl' di~lriiHttinn 

ruudiou. The merits of their lltr'thnd are as follow>.: 

(1) p<lrticl BUtnbrr is alwa~·s con&crn•tl. 

(2) ~olution is alwa?& positive. and tt<·l·,.r fall i11 negat in· l"nlm·s. 

(3) siguifirantJy n·dnc -·s Itt· Jtlltilb<'r of nw. J. poiuis itt ~al<-nlntiun. will• no I•Jss or a<·r·n-

racy. 

1-l owc·w~r. for our pnrpo. ('S, ~otlH' uwcliJications an· n·quir<'d 1J,..~a11sr· w•· ar<' inrlwliug 

thC' additiona l injectiottjesc-aJW ll'rtlls. wltiiP tt'l rlilfusiou tntu (C(.r.ll[OujO.r]). 
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\Yl' fir~l rlc·liut • the <•Jlf'l'l\." uw~h poiuts of <?!rdron~ with t•q nal lng~ritluuic rf'soln lioH: 

A - - (~)~ iJ- /HUll .. 

/ n.JH 
(0 ::::; .J ::::; j,.,...,) . (.1.2) 

wlwn· ,; .. ,., is tlw llllllli!l'r of till • llli'H il and "t;nf i~ th<' JllaXiJJllllll LOJ'I' llt Z factor or ··leei J'(/llS 

''' ht· usr·d iu till' calr-nlalion. Si11t1' we arc• as~mnillg cxpou utial ttl -off at 1 = ·,,..x for 

ilu· iujcrtion l'ull<'liou (/((. I ) (s•·r·. c·.g .. c•qnatiou ( .11.20)) . '); ,r i.' takcn ro b<' JntrciJ larger 

th an ( ,,,., . . -\sa dPfan!l. \\'(' n~l'd .lma.< = j() for /tnf = 107 - HJ~ . 

Tl1<' kiuet ic eqnniion in till' emission rt?gion i~ gi \· ll by c·qnalio11 (ll./) 

D.\' ( ·, .t l = ~~- ·s ( I )]+ CJ(- . I)- .\'( '), /) 
Dl o, I {, I !,.., 

l. = "Y~·nc + l~sc· 

For llH' 11 \lll10riralcalnrl:ltion. this r·nn he 'ITil te u a~ 

wlwrc 

~'"t11 _ .\";1 
.::,., 

li~ • ft ·\"ti - 1~"..r ;t ·\;+ ' + (J" _ .\';•1-1 
"1)+1/2- 1;-1/1 J 1,." 

(.1 .3) 

(.1.-1 ) 

(.1 :i) 

(.16) 

and qu~nl it iPS witlr i ht• :;uh~tTipt .i + l / 2 art' •·alcuinl ed a t l•nlf grid points . .::,.1 is Ill<' timr­

si<"p of tl1e ndndatinu. \\ 'c• n111 rt'\ITitr this equatiOJl r·ou,·enicnll,r iu tlw form (ChaibPrgc• 

,\: C:!tihf'i!ini . 1 !.l!J!J ) 

(J ::::; .i ::::; J..,ax). (.J.T) 

1'1) = 0, (.18) 

·. .::,.t ... .::,., 
' 2)=1+ -, J - 1 /~+-. 

1J+I /t- "'11- l/1 f,.c 
(.1.0) 

(.flO ) 

(.111) 

Thi.s r·<ul lw \\Tittl'l\ in a tricli~gonalmalrix and r<UJlw so]\'c•d ll1Ullt•r·ic<11l_y .g. .. Prf'S& ('[ 

nl. J!J, !l) 

1 '20 1 '3o D 

1·1 , 1·21 \ "31 0 

() 1'1 ) m.,>--l 
1 '•) 

-Jmu. - 1 

() () 1'1 
) IO &lf, 

() 

\'3 J,, .. ~~:-1 

I ··7 
-; ....... 

.\~lt- 1 

.Y{' -+ 1 

Y"' I 
~ Ju, ~ .. 

y n+ l 
• J1 o11n 

Jon"' I 

,'-,'U 
Juu.x 

(.J.J 2) 

'fo obtai11 a numlJPr conscr\'ing solntiou, "·c· ha\·c· to ~l'l tir e' boundar _,. t·ondil ion in i li P 

~b~C'IH'C' of sourer.;- (iuj<'rt iou trnn) or ,· ink. (c.sca pe lt>nn) lor Padt tri td. Thi~ t>ll1 br 

\\Titlt' Jl 

; 111 ,.,.; 1 ._ 11 y~1+ l_ ..,.·11 y••+ l I: , J+ I /Z · J+' ,,_,,2_ 1 l = o. 
J=.l /jt 1/ 2 - lJ-1/ 1 

(.T.l3) 

Summarizing our 1111111f'rir·al approach. we f:irs t dclinr lhr P!edrmt population .\ j' = 
.\'( 11 • 0) as an in ilia] condition . NPxt w£' rakulnte l'or t hi& ('f('t t rou popnlalion . ~ynchrol ron 

loss /~yu< and inn•rs<· Comptou loss l ir IJ,,- using quation (3.3-J) >lltd (3.;}-1 ). \\",. ilH•n 

ohlain {j_112 ancl 1~+ l /2 , \\'hith can h!" us·d lo prodncc· \ '1 1 , \ '2
1 

>~lid \ '3
1 

(f'qnalion (.T.!l ) 

Aud (.110 )). TIH• tridiagoualmatrix (equat ion (.l.!2)) is ~o l n•clnnulerical!.'·to ohtnin the 

cic-l'tron populatioH at lime .::,.1: .\') = .\'(tr .::,.t) _ Th<' it<' ratiun ofahc•H· prr~niptiOHI(iw·~ 

thr cl('tlron population at an arhilnuy lime 1. 
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