
K
o

d
ak C

olor C
ontrol P

atches 
ID

-
.3

1
0

1
T

IIIo
-

B
lue 

C
yan 

G
reen 

Y
ellow

 
R

ed 
M

agenta 
W

hite 
3/C

olor 
B

lack 

K
o

d
ak G

ray Scale 
• 
~
I
I
I
G
l
 -l!b

d
o

k
 

A
 

1 
2 

3 
4 

s 
a 

M
 a 

9 
10 

f1 
12 

1
a 

14 
1

s 
B

 
1

7
 

1
a 

19 



(:) 

X-ray Study of Rapid Variability in TeV Blazars and 

the Implications on Particle Acceleration in Jets 

Jun KATAOKA 

Doctoral Thesis 

Department of Physics 

Faculty of Science 

University of Tokyo 

December 1999 



Abstract 

FonrTe\· blaz;uh. :\Irk --12 1. :\Irk :iOl. PI\: 2 l ::i::i-:lO-I. 1111d IE 231-H-::il l. hn1·c ilf't' ll 

hiudir <l "·it h l hC' \. ray hHI dlill's J1 ('A and R XTE. 0Pra t~oe h[H'd rnl t'II<'~"!'.Y dis I rihnt ionh 

or Te\'lJ!atar~ cowr :!II oh~rn·a hlf' ha11cl s, nnd I heir flux e' ,-,Hy ra pid!~- - 1w n>nduc!C'rl n 

llUillhCr or umlti rn-quc·nc.'' n'llllpHi~JL~- In pnrlkular. L)l!r cohht'l\'lllicms of :\ Irk 121 ll! HI 

:\Lrk 301 in hot l! \. -ra.1· and TP\ · 1 -ra.'· ha11ds prm·id<' llw firhl lnth· sin lllil:~m•c u! s daln 

S~[S ill \·arious pha><C'b or ~OW'Ct' ac-t iYil y. T lu> 0\'l'l'>lll /' L,. h[H'd ra uf Te\. hln Z<HS hhow l \\'t) 

broad prollollncNI pt•aks iu ti ll' SIW<' tra l ('!Wri!,T clislrihtlliou: on<' is !orated hrtwN'II lh<· 

radio a11d "\:-r;\_1' bands, a11d a11ol her in the -,- ray rcp,imr. \\'p ti>u11d t hal variabilit y in t h< • 

X-r~-'- and T(•\ ' bauds is wf'!l r·t•rrelntr•d 011 tinw ,c-nlc• of a dny to .''<'a r"- The al!!plilurlc• 

ol' flux 1·ariiltion was con1parable i11 bot h r JH.'ll f!.}' hnnd' for :\ Irk ·12 1 {["\:-ray !lux] -x [Tr \ · 

fltLXj), whik quadratic- for :\ Irk 001 (["\:-nll' lluxf [Te \ · llnxj). The dai<J cow;icl •rPcl 

hrre support lit<• cu!n•nily popular mod ·I · wltrrc lh ~ low f'U!'r f\.1' pl'ak i~ produced ,-i<t 

t!tr snlcltrotron pr •r·rss, nnd the high (' llf'rgy pt•ak is prod urN! IJ-'· C'nmplolli'lal ion of 

tlte s.~·udtrot rO"ll photons IJ.r the S0 111r clc>ctnms tlt<tl produc·r·d tlw ',\"!Whrotron plwlous 

( th sse tnndr·l). Tit I' phybical pa.raJ11t't t•rs n •ICI'<Ull [nr I Ill' l' lllih~iou \\' (' ]'(> Sltt'<'l'" l'llll,l' 

c·ouslrained from lhr oh.ervational prnpert i s of al"li T<·\· i>lilZILL 

.-\uaJ_,·si& of the X-ray da1a indica led lin• prill c ipall'l·~ultb. Firs!, we detcdrd I hc pe~ k 

of tile S_Y ndtrotron compoueHt for all TcY hla za rs. \\' rouud that I lw po~ilio n or the· s~· )l ­

dlrolron peak shiJted from lower 10 !Jjgher f' tl l' rg~· whcn iltP ~oUITe be-cHill<' bright(• r . This 

rorrelation is ];est bllldird for :\ Irk -1.21 aud :\Irk .:J()L Tltt· n•latiouship lH'IIH't'll th(· 1wa k 

<·ncrgy and lnminohity ,;howPcl quitP difl'ercnr behm·ior in tltt• two ~OUITI'S. Data !'or :\ Irk 

~21 inclicnt\"d 1·erv littk-chnngc iJt lite pe-ak position ((L:i-2 kr·\ ·). whilc- :\ Irk 001 n ·n ·a lc-d 

tbe lagPsr shift ever obsrrw•d in blazars ( J - 100 kr.Y ). SPco nrl. S<'\'t•n clay uni11tenupl• •d 

ohscrYat ion of \ Irk 421 r€'-"I?Air?d da_,·-b-'·-day flnn ·s. whid1 wc·rr st rongi,Y corrt'lal (·d from 

th<' C\. to tl:i c hard "\:- ra~· hm1ds. \\'<'found I hnl ill<' dtnraclrri~t i c litne scales or indi,·id­

lla! flare· c·v('nh arr· si1nilar for all Tc· \ · hlnar~ (~ 1 cl ay). hut an· s ligltll_v difl'cr('lll in f'ad t 

bj <.'r·t . I3r•low this time scn lr. n1pirl ,·at·i~bility appen rs s irrmgly snpprc·ssc·tl . iudicari np, 

-~ Iro n~ rrd-noise' lypr twha1·ior ( - _r -1 ~ .r- :l iu tlH· Powr·r Sppr·lrulll Df• ns il _,·). Third, 

Ji·om llw anal~·5is of light cun·es of I hr hhwar :\ Irk 121. wr found 1 I If• prc·scnc·c of ·hard-Ing' 

ll arrs. II'!H'r<' sort X-ray vari<1liou~ prcculr ilto~t> in llw !carr! X- r>t~·, . :\ IMr rrnHtrkahly, 

tinlP-1<1{!,~ in va riouf. \.-r<\1' en<'r~y bauds r·lt , ugt•cl flarc· In· fiMc, aJt<l hf'ul't> tltr> pr11·ru/l(]lll 

ul' ·so l't - lap,· clm·s nrol alwa_,.b nppJ_,._ Fvttrl h. 1\'C' tl rlt•ctc·d t he g<· ll cml tn ·ttd tl• al llw allt­

plit udt' o r va riation !>('comes l;u·gc•r nl innr·u.~iug ph!Ji<>ll c•uc·rgy . . -\ f<'w Pxcepl irms wc·rr 

rmtncl in which Yariatioll in llH' lo"·f'r <'twrgy X-ray hand is lat(>!'t or <'Oillpa rabl<' lo lltal 

in thP J,i • he-r enc-rgy lnuu l. Fin II. l inw pr(>files of ·ac-h fi nn• c·,·c·ul wt•rt• almost sy111111 cl nr·. 



IJJI'iUJill)( that IIH~1· arr r·haraet<'riz•·d bY U<'<Hh· Pqual ri~e-Lim<' <111d ckcaY-tim . Frolll t!J<• 

clr•tailf'lltruqwnil annlysi~. IW dib<·nwrr·d thRt t!H• s.\'lllll l<'lr,l· of th<" time profiles l<'lllb to 

hn·ak r\ol\'11 ;ll lrl\\'Pr rnc·r~;i<'s. 

Clt·ar r·CJtTPliil iou~ of S\"Jl<'lJrolron JWHk energv 11·it h pNlk huni11 ~it.1· . found in :\ Irk ·121 

awl :\Irk .j()J. ~ 111',1;<'~1 that flaring bdJaYior is n'JWalahle all<! reproduced in thl's<' obj<·c ts. 

!l rm·e,·<•r. 1"1'1"_\" rlifl"errnt ~JWCir;ll ,.,.Philion ol" :\Irk -121 and :\ Irk 301 pruhabl~- indir·alcs 

son If• diili·rr• nc·r·:-. in 1 he elect ron a<·c·<•l,•rat iou nH•dwnistH i\t IH>rk during t lw Jl<lr s. Our 

rr:-.nlt 5fronglv supports tit!' idra that lh • '"<lriahilit.'· ofTe\" blilz<1r~ is most probably dnr 

to thr ··hang<"H in lhl' injeci<'cl Pkctron n1unlwr and/or maximum Lorentz factor( ").,,.,) . 

Data [(>J" :\irk 121 inrlicali' that th Hux ,·ariabilit.~· is associatrd 11;th an increase in the 

!lll!ld><'r of l'll'ctrons. 1\"hil<• on!_,. small change~ Hr<' impli d for }max · On lhr' ot ll L'r hand. 

th,·ll:trP uf :\Jrk .j()l is most!_,. due to tht• larg<· c-hangPs in /ma' \\·ltilr keeping tl1l' <'kd ron 

nlllul><·r almo~t cnnst•rY~liYe. lntcr('stin o\y. our X-ray data and itl lrrprl'tation . u •gcsl 

llial the ori1~in of lh<' flm ~ mny lw asRotialc•d ~~-i. th 11·ltut is <'Xp(•r·l<'d fr0111 tlw \ "L I3r 

ohSI' I \"<tl ion~ or sl!p('r\U llli!laJ motion. 

Protu tlw X-ray AI nr!.~· of Tc\ ' lJlazar,, we sng ·•"<'~l that <11 least four d_,.tl<llllinll tinH' 

~.-air·~ n>nsl bl' lakc·n into atr:ounl to nmlf'l'sland till' (lbscn·cd time 1·ariabilities. T!Jrsc• 

ill"l' ( !) <'i<·clron ac~r·rc·lation time. 13 ,, . (2) elect ron coolin' time. I cool· (3) sontT<' light 

tra\·c•l timr, 1m ~nd (.J) f'!cclron inj tiou tinw. lin.i· \\-c shO-'Y that all tht· ,·ariahility 

pall NilS iu bla7fHS an· w••ll unrlN~tood b~· the halancr· of I hv~l' lime s<·ales. To con finn 

<>nr kllowlrdgc• or spc· ·tral ,.,·olnrion <md mpid ,·ariahilit_,. in blazars more fJi/CIIIIitrrtu·dy, 

\\"('hal"(' dt' l'l'ill]ll'd :\ new linw-d~>pcnd<·nt sse code. incorporating tllC' radiatil"(' cooling 

;~nd arrdC'ration prot·('~:,. as wPll ;lS light tral'<'l tillll' cfl"ccls properly. Tlwt is bec·au»c 

\\"(' d<'< 'lll('d Ill' popular SSC' mod o\ hased on _,·frru/y ·tote cmi~. i n '"" inadrqualc rur Ollr 

l '<lht'. ~;,'('11 the drl<'ction of the rupir/ J/u.r rmd .'l}Jeclrrd tillle l"flrinbilily ill blazars . o.~· 

li'illl\ lht• ('l)(k .1.-l"l·lopcd l)y lU,, \\"(' ~imulat<·d \"1\l'iOU~ l.Y]Jl'B or tl ar<·~ for Teo\' hlazaTs. \\"(' 

t"Oilfirllwd tltal ·soft- lag· 11·il] be c·xpt·ciC'd whPn the atef'kralioll l.i.IJU' of C'k·<:trons i~ much 

short!'r 1 hall •·noli lip; timC'. '-'"hi]P ·hard-lag· 1"<111 lw ob~L'tT<'d when the accelrration lime i~ 

ll<'l>rl.•· <'qllalto tl><· coolin' ti11w. whi h i, onlY ,:xpC'ctL•d around -1 .. ,,.,. 
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Chapter 1 

Introduction 

.-\cliw Galnctir \l ndri ( .-\C:\1 ) produce CIIOl'llton. j)fl\\'('r ( 10411~ 1() tr. cr)f./~l l'rnm <'XI n·nwJ_,. 

t·ompn ·t ,-olumt'S. Thl'y ~rr· tPmmmtly l';lriahlt·. and l~rgc> luntinosity variation~ on I iJil<' 

~calcs of !tmtrs to .n •an, l!il\'<' he<'!l nbscrn·d. From 111f' t0111hinal iou of l1i It lumino,;iti rs 

~ucl rapid tinw \'ill'i<lhility, it is g<' JH'l'<t lly bt>liPITd lhal I he> ult.imatt> ~nt tiT<' of powr r in 

.-\G.'i is accr<'liou 0 111 0 lltaosi1·e blac·k holes ( 1.0 7~ 10 10.\f .) which t•xi,;t (It tlw t't' ntrr' <>f 

rhese j)OIYE'rhouses. Til<· l'('('f'Ilt di.•l'O\'el'\' or t!tr cl<'<1 r, hro<1rL 'kell' d ll<t(li'('S('('Jll iron linr 

iu the spedrum of :\ICG G-30-13 11·ith ASCA (T~ naka <'I nJ. 1003). <1~ ,,.<•11 ;ts liH' hi1-1h 

rotation ,-elocities in a :mh-patN'(' rcgiou of:\ ,(' -123 (:\ li .vo~lti <'I al. lOD::J ) frotn watc·r­

mas"'r obsvrYatiOII r·onfirnwd fhC' t>xistcnr of lltost' umssil'f• blnrk hole' in AG:\. and in 

some c11sc . . ~tll om•d 11s to <'sfitwtte their maAses. 

Dlazars. a ~uhda.-~ of .\G\ls, have oulstilucliug propertiPs in sc'\'l' rill a~ per·t R. Tit ·y 

exhibit li• f' mos t rap id and the· lnrgesi am plitude l'a rintious of al l ,\G :\s (Sl r·iu c·l al. 

WIG ). Rec nt obsr·n·n i us witb the EGRET iltslnllnc·ul (30 :\ 1('\ '-30 C:e\ ': Tltontpson 

rt a l. 1093) on-board lht> Compton Gamma-R;Jy 0h8t'rv;ctOI:,· ( 'GRO) n·,·<>;d that II lUI'!' 

than GO AG:'o:s arc bright "t ra_1· t·mjtter" (<'.g., :\ lukherjce <'I ;tl. IDOl). flr·JLtaJkaiJiy, :tll 

.-\G. s dPte tl'd by EGHET ll'<'re dassilied ~~~ bla:.mrs. Obscn·aticflls ll'i tlt P,l'I.J IIud-bas<·d 

Chercu kov lelescop<'5 fnrfh ·r tonfirm ·d {-l'il_l' <'tnission f'Xl<'nLliHg up 10 T \' <'ll<'rl{i<'s for 

fom ur:·arb,- h lazars: :.Irk 121 (: = 0.031: P11nch "' a!. IDD2). :. Irk j()J ( ~ = 0.03"1: Quiuu 

et al. 109G), 1ES 23-l-I+3ll (~ = O.lH-4: Cata tH'5<' Pt al. 1908) aud Pl~S 21-:J:J-30 1 (: = 
lUll: Chadwick cl <1 !. 1900 ). 

lt has bem r portc•d tlt ilt tltl· OV<'Jall sp!"clra of blazars (plnltrd <lli t~F,,) bavP at IPa~t 

tWOj)l'OllOUllCt'd ('OIIlilllllllll l'll lilj)OII('llt s: 0111' [Jt'aking lJ t' l\\'f' (' ll !H all(l.\: !"HI'S, aud ~notJwr 

in the 1 ray rt•p,ittll' (f•.g .. ,·on :\ lontig!l_v et ~ 1. l!JG3 ). The ~lrong polnrization obsr·rYl'd 

in the radio nnd opticaJ bunds (Angel ~ Stwkm;uJ 1080) intplir·s tl:till f h<· low<•r t•Jlf'l' ,. 

COUl]JIJnl'nl is lllOht likely ]JWduc·eti lJ_I' synchrolrOlJ mdiafion of l'(•]alil-ihtic C'!t•ctronh in 
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111 :1g111"1 w ti .. Jrls. w!tilf' iJi\·c· r~<·-C:oinplon scai!Niu~ h_,. ti!P same elertrun:; b IH'Iicq>d to IJe 

tlu· ciOJuiumH pro<-r.,~ H·~pousiiJI<' for tlw lLigh t"JI!'r)!,~· • 1"<1-'' t•mis..~iou (\.'lridl. ~lara~chi. 

,\.: l'rrv IO!JI: Chisl'llini !"I >~L l!JOS: Sf't' abo 4 2). Thi~ nnn- tl!t•rnlal mcliation is th(lu •hi 

In IH't'lllili<'d iu a n•latiYislicjPt poiJ!Iillgclo~" tonur liueol" sight (r.g .. L'nY,\-: Pndo,·;uti 

lO!J:ij. 
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l?iJ.!,liH' I. L: Tl11· uutlli - frc.-qn~.-·uey S}Jtc:tra ohtaitu·d fro111 tl1e euuH·utponwtou:s oh~(·n·;uion . ., of 1\lrk ~12 L 

and I J,S O.:J:.!S+J:ll ( h~ubo el (J. 1908). TIJL· t.lutwd liue (iuH·Hd<'d a.-. a t;nid•· to tilt· t'_,·r·~) ~ltow:- tit•• tit 

tu 11 tltirll ~ ordc.·r l)olytwtuia.J fuawtioH. 

.\!nit i-fn•qn< 'lWY ~pectrn o( hl;J z;u-s indital <' Lhei1 Yari<'t_, .. FigurC' 1.1 shoii"S th<' sprc l raJ 

''!WIS." di,l!"ihulioug nf ~Irk --1.21 and PKS O:i28+13-l. respc·cti,·l'ly. ~Irk "!21 is tlw prolo­

lypt• or T•·\· ·,-ra,- c•milling blaz~rs. while• PKS O:J28+ 13-1 i.s I he one ol' 1 he brig! !I est C:c\ · 

L'lll!ll i11g hlazms I !11\l 1\ as ohscn·Ni ],,.EGRET but has not bt'cn dclt'Ci.E'd <\I Tt•\ · <'llcrgie~. 

Ow· r·:u1 find :ip.11ili<'nn1 difl'r-renc-<·s in llwir 111111ino~ili Ps and peak position& of lmY-cnNg_,. 

(I.E) a11d high-<'!Wrg_,. ( liE) romprmcl!l~. Abo uoif' that the· LE luminosity i~ lnrgt'r than 

1 hat of [IE fur :O.Irk -121. "hik I Jw rf'\'f'IH' "ppli<'s for Pl\S 0028+ 13-1. ScY('rill authors 

linn· int,•rpn•l<•d lht• dillf.rcnc·r• <IS dU C' IOIIH' difl'c·n•nt 'SL'C'd' pl!otnus !"or iti\'N&r•-C'oulplt>ll 

srall<'ling. 1\uho <'t a! (l!l!J8) sugp.r'ht('d tha1 thr !nn!li-fn•queucy ~pectmm of :O.Irk -121 

i' wdl e:\p lai1wd h,· lhe h.ntcl ll·(>lrou-Sd f- 'on q>tou (SSC) ~crnario. in which ti1C' ~U11H"<' 

t•f lhf' ·"·('(I' phoit>ns fnr tllr' Compton prnt('>S i~ lllrL' s_nwl! rolron radiatiClll iut r rnal to 

tlll' j<'l (. ion<·~,., al. lDI-1: ~lm-,.clwr lD tl: l\onigllD l: ~larsdtcr ,\:.Gear lD :i: ;]Jiscllini 

&: :O.larasl'i1i IDSO: .\lnrnhthi l' l al. 1002: :O.Iar~dt<'r ,~.:; Tw,·is Hl!JG). wl!il~ ~Pel photon<> 

>'XIt•rnn l Ill I lit• j<·l plm· a.11 importa11l rolr• for lltl' c-ase of P l\S (),j2 + 13-l and other ubjt•t't:-. 

3 

:-.howil11', slronJl. broad <'lllis~ionliues (ExiPrll<tl Hadiation ·ontplon (EHC') lliOdl'l: Dl·rmf'r 

.\: Schlie keiser LDD3: Siktlrl1, l3q~l'lman. &: Rrt~~ lDU-1 ). 

There an• imliralionR that p;u·ti IPs :Lr(' arct'lr•r;llt•d Ilion• <'llicif'nih· in hlaz<trs lt ;n·iug 

lom•r ltuninositil's (<'-1\ .• :Iti.,t·l!ini rt a!. lDD : 1\:nh, ,., a!. lDD, ). In rae!. Ll~<• lnmino~ity 

or ~Irk -121 is signifkanrl~· I OWL'! ll\<tll that (If Pl\S (),j28 ~ l31. whilt· I j,(' ]l<'ab Ill' LE/ 1 IE 

Ctl!l1j)Onrnls are lon llrd al111wh l!i!!,ll<'r frequPn ciC'~ (Fi1',11rl' Ll ). In lnwlnllliun~itrohj 1 • 1:.. 

en<'rgy loss b_v rncliiltiq~ c·o(Jling \\·ould nol he ••lf<·<·ti\·C' lwntu~r th•·rr· nrP less mnhir•nl 

photons to br Comptou Bcaltt•r<'d to highrr l'ncrgif'~. Thus il"' Tr\' ldn7ar,- giw~ an 

in1portant opporlnnit_,. lo study t[l(' JXtrtidl' acer!rnllion in bhttar .i<'ts. 

Thr ftr~l mn!li-frl'CJIIE'Ul'Y campaign of ~Irk -121 includinl!, Tr·\· t•nergi.t·~ was cmHilll'l<'d 

in l!J!l-l (.\ laC'omb C'l a!. l!lO::i: T<~k<1hashi N a!. 1006). Th1· mul<' lllporan!'ou~ obS<·n·atio11 s 

implied correlatrd Yariability lwtl\-rf'n the kt, \ · X ray and Te\' 1 ray en1ission. \\'hilr• thP 

.e\· flux and thr radio to l'\' !luxes sbol\·('d Jc,s~ ''ari11hility. Thl' rc·sults fro!l1 1l1is <"IIIII 

paigu ar<' importmlt lwcau st• it suggested lhr- pos~ihilil _,. !hal a ~i u !',lc t'Il·elroll popnhlion 

is msponsib!P for both the X mys Ull<l Tr\ ' "y rays. qualitatin·l_,. agrec·ing witlt IIIC' sse 
~<·enn rio. l-lowrwr , tiH' fact thai tlw X-ray ~ud TC' \ . ohs<·n·alious wPre sepn ratrd hy <IJI<' 

cla~-. conld introclnee uuccrtaiutie;, to draw contrl'lC' pidurc•. ln fntl. m• no11· kunw 1!1at 

both X-rar am! 'L \' ')- nty fluxC's of .\lrk ~21 cau ,·ar_,. si).\llific-n ntly \\·ithiu ad~_,.. imul 

i<UJ<i'ous. uuiutenuplt'd ohscJTations are cmciaJ to u!Hlr·rhland thr bl"mr plt(•UOIJWIHJII. 

Iu this thesis \\'<' intl'nsi,·elr tud_,. lht' four T<·\· blnntrR. with :u1 C'lnphasis ou til<' 

nb. er,·ation ·with lht• X-ra,· sall'lliks ASCA and RXTE . Our uwiu goal is to understand 

both the rapid tin1c ,-,wiabiJit.Y and spPctral t·,·olntion ,,r T,.\ · blazars IJa»<'rl ou lh ·hi •h 

quality X-ray data. \\"<· nnal_yze all t I1C' ASC'A data ohl ai1w<l in I DO:l-l!l!l8. which c·n,·rr~ 

t.l!c energy range O.:i - 10 ke\ ·. To inn~>asc chua s;unples in di!rr·rrnt .tnt es of s >II!Te ;1('1 i,·ily. 

\\' haY· abo analyzc·d all the archi,·al data or !I XTE ubtain••d in lODG-1 !)08, where thr· 

cuergv range cow red by i l!r Proportional CoutJliT .-\rray (PC . .\) (JH -hoar I {! XTE i 2 .. j 

kc·\· lo ~20 k('\ ·. 

lmportautJ_,., 30 ohs n·ations pn•s,.nled ill this tlw i~ " ''''" coudunc·d tn!ly simllltaui'­

ously wit!t the Wh1ppll' C'lwrcuko,- tc•IC's<·nJW (Tp\ '- In\') i!Ucl I ohsermtion5 \\'Nf' sinn !l­

ianeous "·ith EGRET (C:e \ · •1-ra-'·). In particular,~~~ Hupr<'cNicutrd caulpai)\u of ~Irk 

~21 (7 d~v~) is extremely ,·a!uahk siucE> this pmvidr•s fot 1lw first lime an uniult'ITUptt•d 

aud simulta neous da111 SPt i.ududiug EUVE . .'\ - r;~v (AS'CA iiud RXTE) aucl Te\' •-ra\' 

euergy I auds. \\ ·c· <1bo n·port another big campaigu for 1'1\S 2J,jj-J(),I lor 12 da.1·~ iJy 

RXTE. 

Lnlikf' most c•l" thr pr<',-i •us work "·hirh frwu~rrl on 1lw plmltm SJ>PClral prop<•rlir·s 

and/or classiftcal ion of hlazHrs. we• al~o sl!tch thP Tapid tinll' ,·ariabilit\· in hlazars. Photon 
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~Jlf'<"lrn arr iwport;111 t ~ill<"(' tlwY JHOI·id<· information on the di~tribntion of relnti\"i~lic 

r·Jrcl ro11~ nnd ilu· ph_l·~ical ""'·iroam nr nround lh<· .i ··t. Oil lh · otlter hand. tlw tinw 

\"ariahilill" gi1·r~ ~~~ difl"t•n•HI cOHKil"aiul5 on the d~·namics opE·rating in hl<1zar jE'tS. snell 

,.,., tit<' <ll'Ct•h-r<tl ina. ratliatil·e coolin!', and pari icl<' t>scapr. It also gil"e. us mt infonnal iou 

11 llw siz<' nf the Pmis~inn rc·gimt. To Jtndcr~l and I It~ ob~c·tYarional data d<•<'I ly, W<> 

dPI'f'iop i1 1 iuw-drpt·wlcnt Jtlllltl'riral r·odr• lh;\t follow~ tht• l in te r·,·olul imt of raJliatiu.ll from 

part ide•& ltast·d Ill] the {)Jl('-7011!' htllllOg<'LJ('0\15 sse modt'l. L"~illg lite corl t·. wr ("0111]lilrl' 

1 Jw oits('n·at ioual rial a dirt'C"I J,· tu tht• prt·dic-tiun of tbr t inw-dep<•ndc-tJt mod Pl. Such a 

clltllpari,.,oll i,, an illlpnrtant illgrt'diulll iu tlw study of hlazar <l<'lil·it,·. 

In thb th<•~i~. W<' prrM:·ut the n.•1·icw of 1],,-. pa~l stJtcly on the AG:'\s and bla7at-s in S 2. 

\\"t· p,in•" bric·f dc~niption lor thPor tical !"nunc-work~ 11·hich can b<? a gu ide to llltd t· r~lmld 

t lw radi;1t iuu nwrhaai~nt iu blaz;Hs in !! 3. \\",. dcsrribt· the i.nst runtcllt~ ot t-boa rd i\SCA 

hllil'llitr in ~i 1 and I?XTE satclli t" iu § :i. 'The log uf !1SG~4 ;lnd RXTE obst·JYat ious 

c•f four Tc•\ ' !Jlnzars ;m.' cl<•:,nilwd in ri 6. \\-e rl'pnrt lbP a nHJ _,·si; and rt•sttll. of ASC.rl 

oils<•n·:ttions in s 7 <ll.ld HXTE obscn·ations iu 3 8. Thc: Jllu lt ibaml prop •rti t·s of TtY 

b],1zars 1\J"e dt•snibed in 3 D. \\·e disnts~ our ohserval ioual rcsnlls and their implic-ations 

ill !i IO. \\"t• riL'I"Piop a ·nell'· timC'-dcpemlcnt SS mode·! i.n ~ 11 and rollJpan• it to til<· 

ohM'r\"atioual data. FinaJl_, .. lltP l'<IIJclubions ~r<' prcs<'lltecl iu ~ 12. Details art• dt'snih<'d 

.i11 appc11dix<'~. 

Chapter 2 

Observational Properties of Blazars 

2.1 Unifying Active Galactic Nuclei (AGN) 

2.1.1 Classification of AG 

The l"ni1·erse is made up of galnxie,;, man_,. t'Ontailling mon> thmt ~ ltnndr<'d tlton~nlld 

uti ilion . tar . 1-10 'X of gnlaxi s art' called ·act i1·e' ga laxies and i"l""~" au <lllHllilll!, 

.nu tTc of ncrg1· at its nuc!l'ns (f'.g .. Onll rs ct al. 1996: Fignn· 2. 1). g~n~raliu • tlw powl'r 

('Otnpanlhle to that f'mittrd by a lhousmlll of galaxies. TIH>\" art' rnllr"d au art in• l!,:dneti(' 

nuclei (c\G:\'s). 

AG:'\s pro lu c<• t•uonnons lutlliJtositie~ in xtreuwly cntl!Jl<WI 1·olunws. Tllf• enuthiua­

tion of hi!!,h IHntin o~ilir•s ( 10 111~ 10 16 erg/s) aud short nuial>ilit.l· l inw ~··alch ($; l l~,v) 

in1phes lhnt tlH' power of .-\ G'-1 is producPd iu more f' fiici ·ut wa,r than unliw11T ~l!' ll ar 

pr<wehSC·~ ( •.g .. llttcll'ar fusion). This lcatb tis lo till' hypotlJC'~is wlti<'h i~ wiclc•l1- Jw. 

licved that llw massin· black hol<'s are prcBrnt i11 I h(• Ct•lltnd pc•werltonst·s. and l hal the 

accretiou of matter onto sud1 black boks is the ori ·in uf t hl'ir high raclintiou pow"r. 

in genrral, au AG:\' 'nJils not ouJ_,. 1·isiblP J i~hl. but llu·ir c·IJli~osion ~paw .. a wiclP 

spectral raHge froul radio to ·-ra.n;. Furthctmorc, the ll!Ohl rapid liuw variability iu AG:\' 

is ob&<'l"l"('< l in I Itt· X-r>l.l" and -1 -ra~· f'Hcrg1· bands. Siuc-c I hr• int<>gral<"d stc•ll;rr light from 

a ga.la..'{_v is emi l i.cd mainlY inlhf' IR/optic;d bancb and n·latiwly littll' of it is iu the.\­

ray band. X-ray ob,~n·a tion~ are au cxtrc>owl.1· iwponanl tool to ·took· in!..idf' the ar·tiH• 

gala_-...ieb. 

In lhe broarlt·~t sr• use. g;l lAxirs in genrrnl arc da~ifiPd iulo lwn II"Jli'S. <'ilipti<'nis or 

:>pirals. lnd pendc·ut ly. ou !he SJWrl raJ grollucls AG'-1. ar~> clnl;.'i.fir·d into ·radio 1r,11d · aud 

·radio q11i 1· oh.i cts b~· tIt ir act i1·ity and/or lttmillosit_,. i11 t Jtp radio band ( Fig11rc 2.1 ). 

AIJOut 10 'A nr AG'-!s arf' rndio loud. anrl a ·jl't" slnwlur" rno&l frr•qtH"lll ly app(•ars it t the 

.) 
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r"din \ "Ll3I iiWlj.\1' . .ff'Ts nsnn]J,- <·•x tPml in oppm-itc• dircrtions from thf• central c-or<> o[ 

1!1<• p,;d~x,·(sw. Figure 2.2). !3L La objc•c· t~. th<• Rnhjf'l'l of this thesi ·. ha1·e .-trong radio 

1•11 ti,siou. l,nt also ~;<•H<• ra!h· ·iJ,habit" c·lliptieal j.\<1laxit•s .. -\bout ltlllO blazar. an• knowu so 

fm· (sf'P. a.lso \ "rrou-CPft_l' ,· \ "ron 1DD3). 

spirals 

BLAZARS 
-1000 

Galaxies 

spirals 

Seyfert II RQ QSOs 

Fip.lli'C 2.1: _\ {'<l.l ('~nrintliuu of <Jnh·<· g;J.JrH·tic.: uurki (AG)J ) . .-\bout 1-10 'X of ~alasic·~ han· ou:tin· 

nndi'll"' in du·ir fc·ut<·r. .\GN:; etr(• furu•r da...,,ifiPd iuto radio lonfl / qnlr-t ubj<.'ct~. Fig.m·•· adOJ.HNI fr0111 

01'111l'" ,., .~ (1090). 

2.1.2 U nified Picture of AGN 

Tlw radio quil'l .-\G:--Is "·hic-h m·•• not u, 5ociatr·d wit It jc;>l Btru('t ure include Seyff'rt galaxic~ 

a nd r;tdio qnil't q11 a~<Hh as ~hom\ in Figtu·c;> 2.1. T lw precis<' clnssilice~tion of S<·_,·fprt [, 

SPY1i:·rt 11 :ui<I11t<' intPnncdiaiP m((•gorics an· tlibt l!ssed by Ostcrbrock (JD 1). 

H!'< 't• nt int<•nsin" siudit'' ro nnify .-\ ::--~~can suc('rssfulh· impose sotnf" order t•ll "'""·'· 

typ<'~ of .\ G:'J .-lass\' (r.p, ... -\ utonn('ti 0.: :\ !iller 1!) 3: .\ntonu,·c i 1DD3). Figure 2.:.. show' 

'' ~dH•nwlic pirtnn· of th<' uuifYing ~d t<' llll' 1f :\G:'\s. Tlw l<>rt pnn(•l snrnmarizc~ t~c· radi11 

lmtd nh,irrb with jPtb. whik llw right is for the· c-nf'<' of radi<• quiet ohjc•tts without jPls. 

Tlw blac·k holt•. the· a~rrl'li 11 disk >)lid t hC' hrm1d litH' r<'gion arr 'lliTounded h_,. a 1110IC'r11hr 

lorn~. :--Iarrow lin<· rPgioH (:JLHJ is thon,;ld to hr tlw pl;wc that emit~ 11plin1l lim•' with 

Hat-ruw wi<lth. Ornad liiH' rc•p,irm (OLH) i~ beliPYCd 10 b~> iuner pm1 ofth" :--ILH. DnC' toi.II 

high wlorit _,. of doucL~. oplind lill<'' \'Initlf'd frotn t!ti~ re~;iun form broad line st rtl('\ttrr·. 

\\"l!!•n IIH• lin<' of f>i •hi i~ l)l'tWt•t'tt till' .it t axi~ and th•• torn. plane. both tll\' broad lin<" 

2.1. CYIPHSG . \ CTIIE G.\L\CTJC .\"t"C'L£1 (. \G\ I 

region ami thr natT0\1-]iJI(• rt•giuu nrl' ,-i,ibl •: ftll galaxiPf. wilit radiot•HJission. thcsc• would 

b, clas,.ifit•d ~~~ hrond line radio r.al<lxirs. \\"lwn 1lw hr11atl litH' rf•gio n is ohst·nn·d b~- 1 he· 

torus. 1111 ohjc·cl is ohsc•tTrd a,- a IHIITOW lin<' g<Li<c-.~-- In 1 his c·<mlc-x l , IIH' ohspn·ational 

diff'erf'n<·c•s 1)('1\H' n c·yfrrt I >1llll Il galaxies (a11d this holtb inr!qwndc•ll tl_r of tltcir radio 

Junducs~ ) are inll'rpr<·tc•d hy I liP dilll•r€'11\'(' <•f lim· of' :,il\ld lwlll·c·<·n tiH· j..t a.xi~ nnd torn» 

plane (c.{!.., Antonun· i JDD3). 
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Fig-ure 2.2: Uuifi('d :,du.'lllt" of all typ<.'N of AGNs. fc fl plluc 1: A.GN!, havin;( t lu• j 'l, ri!Jhf /J(IIIrf: AGN1-1 

iu ab!'f'llf(' uf tlw ji.•l. 

2.1.3 Blazars - Roles in All AG C lasses 

:\sit was mc•nticJllc•d abow·. somE' gnh<x i ·~ sho"· ~twng radio !'mission. <llld tho~<· an• 

ealhl radio galaxic•s. \\"c heliE'I"(' that most if 110t <111 radio gn la..xiP'i J~a,·r r!'lati,·istir 

jC'tS. Howt•l·cr. t IIC' C'Illission from t !tc· rel<1f i1·i~tie jrt. dm• t n 1lw pffr<·ts of rf'lat j,·isti<' Jig! II 

ahc·r<Lticm (sC'C' . <•.g ., Hybir·ki and lightJJ1HIJ J!JI!J) . i:-. onl_,. visi blf' (1111<1 stnn tgly amplifi<'d) 

if it i. pointing clo. r• to l)llr ]ill(· of sil\lll . and rould bc· iuvisihlf' if ,-j''"'''d do~><' to t Jw Ji 11 ,. 

of sight peqwudi .. nlm· to tiir rlir<'<'li<•ll of the• j t. JJiaYar~ :m• 1 lie· .-\G:--Is in wltirh 1hr- litu• 

ofsig!.t liPs clobr to tlw jrl axb (Figun· 2.2). \ "LIJJ ohsr•n·alio11s rc·1·ealtliai u1; 1ny l.lazan. 
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"h''''. ~liJWI'lillnin~l n1n1i"n of il1Pir jPI~: tlu' appan•ul ,-l'lndt-'· of the hloh Bornelime. w<'ll 

I'X('<'Pds lhl' ligh l n·l<wifv ( t•/r = ,j ~ 10: \ 'enn<'lill'll c' Coll('ll 1004). The ~llj)l'r!Umin al 

niOii<'ll cm1 h1• •·xpl~inetl i11· mntiou 11•itl1 SJH'<·d c-los<' to c of tlw llob' ilt '' ~111all an!\lc· 

towards I Ill' o],~<'ITrr ( t•.g .. Ulan ford k J((iui~l l!J/0). 

131nzn r~ "'" 11<115 ,.rr_,. difl't·r<'n l fr"m otltcr I_I']JC'& of .-\G:\s in a sr•ns<' tlliH the <'lnission 

frtllll lh<· 1·1·rv iu1wr part of tlw &y, IPm (r·.g. , ;H:cretiou di. ·k. line eulissiou regiou) i ~ lllt)S tl_,. 

m·l'l wh<•liJl<'d ],y tlu· st ronp,jl• t <•mission. In fat'( , r!JI'nllal .\:-m:-· <'mission from thf' <lfTrcl iou 

disk ofll·ll obsrrl'l'd in s,•_df'rt galaxib <U}(I Galadic black hoks (e.g .. Dol an i et al. 100/) 

is no/ ol"<'il'<'d in blnzars. sngg<'&t iug that the non-1 hrnnnl jet c1ni~sion i~ domiu;u1t for 

ilwst· so1n c·c·s. Polariza tiou obs<'n·ed in thf' rndio >IIHI oplir·al band (Angel 1:.:. Stockmnu 

10 0 ) furl l1r'l iu1plir·s tlwt most of the radiation in I h(' radio - to l'Y band is non-l hennal 

'.nwhrot ron 1 ncliation of rclat iYistic cl c·t rOllS in I he magH<' tiC' field. 

Thr• s_nt 'hrotrnu nulintion fro111 r<~dio to U\. ancl somc-lim -s :\.-ra:-· bands imli<':ues 

I h"t t ht• clis t ribul'ion t>l' thc- r<'lat il·ist ic clr·clroHb 1•xisls ill tbe blazar~· jet.: tltcse clC'clrOIIS 

t'HilUot he motll>· <·nc· r~Piir- . In ~t.llfll? obj\'ct s. an cxifi !CIJ(;C· or ·xt rcmd_l' relHiivistir· dc..t rons 

ll'ilh Loren1z l'aclm imax ~ J(Jh ('ce IH'IUir) is impli<'ti. Such high-e11 crg,1' clt•ctrons should 

rnpiclh· t·ool 1·ia h_l"llchrol ron rarlia1 ion. h<·ncc· con i i1111nu acn·lvratiou must occm. Thes<' 

;ll' l'<' il'r~liOII/rl<•< · <·k· ralion proce%es arr· H'r.1· Jikc-1 .1· rclatC'd lo the ],u-gr ampl itude. n1pid 

1 in II' 1·m iahi lit ~· often oh~<·JTed in I hwars (:-:N·. ~ 2.2.2 ). Tlwr\'for<•. blazar an• th<' o1il:-· 

t·]a,_._ <>1' .. ~C;.Is \\hid1 prm·id<• infor!Jlnlioll of clyllami<·s OJWratillg i11 r lati1·istic jc·f s. 

2.2 Observations of Blazars 

2.2 .1 pe tral Ener gy Distribution 

Fi~lll'<' :?.3 sholl's tlw nlnlti- fr('(pli 'HCY . peetra of the "·ell-s tudied T \' hlazar 2\lrk 421 

(2\ lnc·Olnh ..r nl. J!JOj: !i 2.4.3). Op<'ll circles Qn· dat~ c-nmpilc-d frolll the a rchil'<'. whilo 

Jil!t ·d dimnoutl~ <Jrc' tlw data Jl-om th · mulli-wa\'l' lengh c;unpa igu i.J1 JOD-I \, Jay (2\la ·omb 

rl <1!. IOfl.): "''' a],o hl'low ). Conn·uiently. I he data points arc plotted as Lo (rJ) Yt'rsus 

.Lop,(l' L,,). oftt'll li st•< I for multi-w;Wrll'np,th ;1s t rouom:-·. Thi>- gil'('b tlw SOIII'C't' po11·c•r p<' r 

logn lilhillic l'n·qm'll<'l' iul<·rYnl au<ltlwrrby dire('ll_l' sltm"" th\' r!'lali1· ''liNg-'· outp tt in 

•·;wl1 fn·qllt 'lll'l' bum! ( : ·lw·l~< 1007). In thi1> tig1 trC'. thP data taken withiu ~ ll'<'ck lli'E' 

ploil<'cl as '>- intuit aur(Jus' . 

Ont• <·nu find I wo illlporltllll i{·atnn'' l'ron1 t hi' figure . First . the• nmltibmul ~1wdm 

of hlazil rs. II'IH'n plot f<'tl BS 11L,. sho11· two pronount·r>rl continuum t'Ompon<·lltb. Thi~ 

i~ a <·on11nou ft•Htllrr' of all hlaz;u-, dt·fel'tl'll 11·ith E ;nET (\'On \,lonti2,11'· Pl al. LD!J.:i: 
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\, luklH'rj<'<' <'t a l. JODI }. Tlu· lrm <·Ht'rl\.'' c-unl ]loil< 'lll (iti' J<'af't<-r LE t·ompoll<'lll ) <'XI1·uds 

frou1 the radio''' l'\·. and sonwti•nes t>x knds Ill tl iC' .'i:-rny h;111ds. lt j, g1 · n~·rall-' - !J,•]i\'l•d 

thai I he LE ouipoucut i' dn1' tt> th<' .synchrotron l' llli,siuu pf n•lali,·i;;lic dl·<·lron;; i11 

magnetic firld. ThC' hi f!, lll'r CtllllJlflll£'1!1. (hNeaftt•r HE <'11l11JlOH<'UI) ··m·Prs f'wm th.• !Jtu·rl 

X-ra_,- lo Tc\· ')- ray f' lll'rgy band&, but it~ origin is lt-ss wr-11 uudr>J-s lood. Out· pr"mising 

explanation iB in,·c- rHc-Complotl St:atterinl( of' mni>iPn( pl1 o t ou~ . c•it h<'r intPrnnl c11 •·x ll'J'Ilal 

to the jet. \\'l' ll'ill di~t·u i:>~> 1·ariou~ I'!Uis~ion modPb wliicl1 ··~plaiu I liP HE <'O lllpo•u ·11 t in 

~ 2.3. 

]3]Qlars 1·ar.v in a ll ob~<'J'\'iible bands ll'ilh lnrl(<' <uuplitudP. ;md iutport.1111 d1u•s 1o 

their s trurlurt' aud racliati1·r properties lie iu ll!P •·orn · l ntion~ uf llux ,·ariahility i1 1 l'uri<JII' 

. P"'tml baud~. Por cxamplt•. iu lh<• bla;rm· 2\lrk .J2l. llu· ke\ ' .\ ril_l· aild Tc· \ · • ra_1· 

Pm ission 1·ari d by an ordrr of mag11i1ude from their ba~t· 1·altu' '· ll'liilr• C:e \ ' " ra.1· Jlux 

obsen·ed h1· EGRET. ns 11·rll a~ tht• radio <UJd U\ ' lluxt's . ''""''"" ]t>,s mriabilily IIHIHlltc 

keY or Tc\ ' hauds. Ho\1'1'\'l'r. c!Par conrhtsion& from the illlf'r-hnild c·orrl'lafiun nnild 110 ] 

be clnt\\·u h ca11.-e tilt' X-ray ob~c-ITati llll by J\SCA iu thiti <·ampaigu "'"' <'uutlucl f'd Oill' 

dn_,. aftQr th<• T€'\' ob~C'ITation. anrl lhub \\'as not I'Xac·tl_,. &innli t<tnettlt~ (Taknhn.,lt i f'l al. 

1996: lDDD ). In spit e of the non-sitnult.ut ity of I he ob't'ITilf inus. thib !'alllpnign play~ ·tl 

n.n import ant roiP to gi 1·c· a strong molil·atiCJu fol' &nhst'CJI II'Ill llllliti- frPqu<'lll'_l' t:amp<Jigu. 

of blazar&. 

Mrk 421 .. 
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Figure 2.3: Sp<.'<-t ra] Et1C'rg.v Oi ... trilmtiOJt ~Jf litL' Tt·\.' lJI<.t.t;u· ~[r·k ·12J at umltiplt· <' J JO''h~ iudu<liug faiut 

to Hun• ~taH•~;. Opt•u eirdv:') an· d tlt <:~ takt.'JJ lwfon• lDO..J. :\ Jay in llu• cl'lit·~ri ·JIL :-.tntt·, whilt· filJ, ·d dia1uoud"i 

nn• tlata oluaiJwcl iu l!)!J.J nu11pnih'll (:\ Iay I0-17) aucl picHI~"d u~ ·..,iulll ltauf•<J1L<. Fil!,un• CrotJJ ~ lat ·owb 

<•i;cl fJ!J% ). 
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2.2.2 T ime Variability 

On<' of tlw tllltlll c-haral't<'ri~tic~ ofhl~zar~ i~ tlwir rapid time 1·ariahility with larg<· alllpli­

tudc·. Flan•s han• IH·•·11 oh"'l'\'~d iu tuo~t w;n·!'l<'ngth . . Figure 2..+ :,]tu\\·s linw n1riario.1t oJ 

T(' \ .- ray' of \Irk 001 rr01n Quiun ('tal ( UJ!l!l). Om· <·n!J '''<· tll~t I]H; I<Ug<' !lux ,·ariations 

lJil 1 iliiP · Scah·~ frn111 dn1·s 10 ~·c•ars. In parti<·nlar. 1 his source· w:1s in tbr· historica l high 

slat<· rlnriug J!J!)I ohsnntlinnh ('"" ft 2.-J.:J). Tl tr• lll<~ximnm fltLx rc•:.Khc·d to~ -1 Crab. 

which i' about a factor 40 iwn•w e from thr• aH•r<ll\<' !Jnx of 1000 (Quinn el a!. l!JOG) . 

.\lost ntpid tinw ntriahilit_,. ll'f>l'(' fouud for litis hnun·<· who~<· doubling I inte of a kw hours 

iu 1001 rlata (Qninu t•t a!. l!l!JO). 

,·-~-1 
'000 l!lf020 510 <'~·:) 

m,o 

Figur(' 2.-J: t\n•nt~P T··\· ; -ra.\' nlll':> nu clailr tilllt~ ... ,-.d .. -~ ror ~lrk 501 bt·tw{'t'll 1!>95 <llld 1!)0 . Fit-;111'(' 

'"l"t•ted fnuu Quinn ,., "' ( 1909). 

Figun• 2.;j 'hnw tlw X-ray light <"un·~s or PI\S 210.3-30-l. nl l<tinrd 11·ith !Jcppo .1.\ 

in lDDI (\ lar;~'rhi ..t nl. IDDO": Zhang f'l a!. IDDO). \\'C'II -tlefined flarP i bnl.1· srt'll iu 

llit' cl'IIIN. who~<· d•llthlinl!. tim,. i' aht•lll 3xl0 1 R<'l' (0.3 day). Onr \ill! Rt'l' lltc fartor two 

nnial ion in I h1· lom·r l'llt'rl\_1' X-ra1·~ (0.1-l .. j kl'\ ·). and a factor litre•• ,·arint io11 for hi~!J,• r 

l'lll'l'l\,'. X-ru.1·s (3 .. -> - ltl lw\' ). Til<• llrigin nf i111• tlart· is r-ontp!Ptrl_l· llllkuo\\·JI. 

2.2. OU ERI:\T/0.\'. OF 13L.\ZAR 

PKS 2155-304 

.1l=l000 s 

• 0 • ~· 
'!> ~ .. 

• • 
0 

° <t ~ ~ 0. 1 - 1.5 keV 

o.xul" ,,. 
Time (s) 

11 

Fignrr 2.0: li~h t t'ltrn•s <dJraiu<'d frm n No,- HHlT obM·I·v~uiou ufPKS2155-30-I with fhppoSaJ-. Qu.-. ..... i­
·y llllJH'tri<.: flart·:-. an• S<'t' lt. Figur<: fro111 :\lara:,chi I' I al ( I !)90). 

2.2 .3 X-ray Sp ectral Evolution 

.-\.uot!JC'r importa11t discovery is thc detection of th tilllf' l;1g iJl'lw•·en tllf' sort X nw 

a11d the hard X-n•-'· band n1riat ions. This behm·io11r was first poillted onl hy Ta~hin> 

(1DD2) usiug tltc· ligh t Ctu'H'S front GJNGA oi>~('['Vi\1 ions. Il l' r und lhHt lllO~t or lltr X 

ray \'<l rialious ••xiltibit cauonical ·dockwis<•' hystcrPsis when plot led in flnx ,·ersns photoll 

ind<'x plane, which ca tl be interpreted rhal the ~oft .\.-ray ,·ariatiolt IHg~ bc·ltind tIt~? ltard 

X-ray 1·ariatious bot it in an increasing and d .. uca&inl> phi-!M'~ of iulrnsit_v. Tlti~ bt•Jin,·i nr 

is expcclrd for objt·cls in wltieh the X-ra · Clllission i~ dottliual<·d IJ.Y tL • s.rud trol tT>n 

radiation. 

This idC'a wa& verified duriug thP ASCA obsen·atiou of \Irk 421 in 1004. w!ti.-!1 was 

wnducted as a p~TI of the· nntlti-fn·quc•JJ<:Y ob n·ations ( Figun· 2.3). 1 he r<'snlt iudir:~INI 

tltal the sort X-ra.Y (~ 1 ke\') !lux nu·ialion lagged bC"hind that in tlw lt ru·d X-ntv haml 

( ~ 2 ke\') b.1· .J ks<'('. X-ray SJ><' tral <'I'Oiut ion lrack~d a clt·;u·<·st ·I'!<Wk\\·i.se · loop c·,·<·r 

ub&clTed iu tlw X-ray rn<·rgy hands (Figure 2.G). Takalta~>hi 1·t al. (lDDG) <tS.~ocial!'d llw 

son lag with til<' ('llCrgy drpcudeJW(' or IIH' wadtrolron ruolillg tillle, deri,·ing !\ IUHgll<'lit­

ficld J;{reugth n ~ 0.2 G for IJ = J. lmportmllly, thii> WHS th 'fi rst ('itS(' wlwn·lltt' magtH'ti•· 

nt•ld was ca.J ulat€'d on II- frotn I he ob5f'lTPd X- rar &pt' tlral Yarinhility. 

T!tr similar hrha1·inr was also detctf'd i11 ol hf'r hlazars ( Kohmura r·t a!. 109"1: Tasltirn 
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,.t a!. [!)!};:>). l<wliug lc, thP pflror/,ym that ,on _\-ra.'·~ alwa.'·' lag lwhiucl tllf' hHrd :.\­

n11· I'<Hiati(ifl~ . }!OII'f'l'l'L thr Othc•r typt'o or t}w l'ilrintiou~. <'.)!, .. 11/lll-doclm·i~C' 111\JtiOlt 

(•·.p, .. p[(S 2l.j;;< 301: Sc•tllbf'.l' l't ul. [!)!).3) or l'r't'y Slllall timc>-lag (e.g., PJ(S 21.:i:i-30<J: 

Eclc·lsott <'I al. lD!J::i ) lw\'1' nbo h<'<'tl d••tectrcl. Such au r-n·ut 1n1s nnnplc:lel.1· rorgottrn .in 

tl 11 • thr•on·tic-Hllir•lrlllulil H'l'." tTfC'Htl.1· (TGrk. Ri<'l!,<'r ~ :- 1 n~ticlti adi~ 1!)9 ; f.<'<' also~ 2.3). 

_,.· 
2 30 --12~-/7 

I .' 
235 

I I . 
£ 

2 40 c 
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~~ / 0 

"' 0. 

2<0 
I / I 

2.50 I Hp / 
2.55 

2 .0 2 .0 3 .0 35 
f'lux (2 - lOkeV; \0 -to erg/ em2 /s) 

Fi!-;nrr· 2.G: lly~t•·n·:-ti~ i_u c• c-orn.·lalion I.H~twct•u thl· flux and liLl· pLu1ou i11dtx . ..-\ ·durkwi::.t1 loop' i~ 

<h·arl~\ '"'1'1'11. Fi~nn• frmn Tak;dw ...... !li l't ;J ( L!l!JG). 

2 .2.4 Im plications on t he R elativ istic Beam ing 

Hr·l;lliYi:<lir lwat11ing is <llRo f.tP·gc'.lc·~l to '"·nid th r sc1 ea.IIL'd .. ,,_., .. prohlr•m. relatl'd to 

tht• C'xt · c·~sivt· nplic;\1 dc•pt h (r) to pair prorlnttion ro r :.\-rn.'· and 1- ray pholoH& if ont• uses 

tlu· \'ariahilit\' linw ~('~I(' n ll't' ITI'd ill hlazars as lite· inclic<dOr nr their 5ize. Itt particular. 

~<'n•ral hlazar~ rlc•t•·C'Iecl h.'· E :RET wrr<' extrcwe].'· bright. ll'ltc,se isotropic luminosit.'· 

\\'llll ld mnnnul to~ 10 1'' (rr!!.hl (~.g .. Fignr"' l.l). For lhrf.c -,- ray brighl hla7ar.. ir WC' 

assnnw th ai Lltr r<\diatinn i. isotropic ilnd all photons are cr<"aferl in the sante regio 11 or 

tltt· sin· iutplil'd 1)\' I hi' ,·ariabilily titne seale. lhc \'ahtf' ofT wrll exceeds tlllif~·. hl'll<·e 

• ra.'· would >•ol I)(• ohsPtTNI. ln order for Gt·\· ~-n1ys to <'sntpe, em ission rrgion shou ld 

I"' lranspan·nf lo tht· · -rill'S. This n1u hi' sati~liNI wltcu lhr radiation is anisol rnpic. i.C' .. 

''tottl!,l.'· l><'lltti<•tl iu a l' l'rl>~iu clirf'rtion. For <'X<IInpll'. :- lattox c•t al ( 1!)!)3 ) drri,·t"d tlw 

hl\\l'l' liu1it of Dopplt'r hrantiug t'i!ttnr as b > I.G rt>r ()\''\' quilsl\r 1G3:3+382. 

..\ss\1111<' thai tltf'l'•· is an l' tlli,.,inn blr•l ll'hidt mdiatc,, isntropinlll\· in tbr n•sl fratn 

lu tlw oh"•rwt·~ fratll<', the bloh is tllo\·iug \\'it!t rt'latiYistic speed J=r/t· (~1) . nncl the 

2.3 . .7£T .1/0DELS POR JJL\ZAR D IISS/O_Y 

radiation isstrough· nHisotropil' (f'.g .. Ryhirki ~ Liglttmnu ID/!J). Tlm•c· iwporlant dl'1·ds 

an· t'xprctt•d (for mor<' drtail. ~,,,. ~ 3.7\. First. in tlJC' oh~<'tYrt .. ,., fratn••. photou1- c•tnittf'd 

[rum f ht' uto\·iJ tg soun·t• me cou<·••ttt ratrd i11 il uarrow <'OIIC' of Ita If attglt• () ~ 1/L wlHT<' 

r is th•· Lt•n·nt7 rartor of l'tni~siotJ hloh in the ohsc•n·c·r·,., [l'<lttfl· . Sr('tillCl. ll<'Cilll~l' {If lbt· 

dilf••n• twf' itt emihsion a11d ilrriYnl tinw intt•r\'a ls. th1· ohM•tT<'d limr- sralc• is ~ ltort r>ll<'d 

hy ti;dor ~ 1/ f . Third. 8i:ttn· ftT{[II<'Ill'if's ar<· thr· inn•rM' of tiut<•f.. oh . .;t·rn·d pltt•lo 11 
[reqllettcit•s is blll('-,t,hift rtl b.\' r. 

D~antiug factor b i~ If'lall'tl with [as~= [f( l - irosO)j 1 (sc·t•. lj 3.7). Tf th<' l>bsf'J'\ '1'1' 

lie"' do~<' w the anglc~o 0 ~ Ijr fmm lite jel axis. 11·e han· til(• rel;ttion of /J ~ r. C'om­

biHilll!, tl~t•sc rc•lations. tlw total oh. erwd luutino,.,ity is l'llltittl<'<'d h~· ,\ 1• Tlw orip;itt of 

this ('ll hanr·C'Ittc• ut factor is c•a.,ily und•·rstottd as li>llows: fnctor P ronws rrcJflt tit<· light 

<tbrrratiou ill solid anp,lc. factor b rltt<• to the hlllt' ~!tift of the rn•qlll'tl('.\'. alld r:wlor" rrottt 

the tiu11· dilntiou. 

2.3 Jet Models for Blazar Emission 

[u (hi,; sect ion, II'<' s ummarize tltr Ptni:;..,iou moclds or IJla ~a rs IJa~c·d ott /cplouir· .i<'t st·r•ttnri(l. 

Itt the kptott.ic jPI SCC' llario , the I'IPctrott. <\ttcl po~itron~ (ht'n·aftf'r. th•' lt't'ttt "<'IC'clrons" 

refer,; lo both l'lrctron;, and posil rntt~) nrP itCCelr·rnfccl in the rl'lal h·iht i•· .i<'IS nnd pn•dllt·<· 

hot h Jm\'-ettergy (LE) ami high-l'uPrg-'· (HE ) eompcmt'lll~. \ [ o~( of t hr niiTCttl mod <'Is 

agn•c in that tlw LE compoltcnt is due to tlJ<' s.n tchrotrou radiilliott of tltosc high-PilC'rK'' 

C'leetrou~. \\'hilc· the 50111Tf' or the ·~ecd' photons fi>r lit(' ComptClll [HOCC'SS prodttcillg liE 

co tnpoU('!I( is a mnltcr of debal<•. \'ari •us <till !tor' haw· cnnsidt· tNI var io11s origi n of the• 

St'cd photons. Tllcsc models are hriPfl.'· SUJJJillariz<'d itt 1 he· follr•wiug <111d Fig11 rc 2. 7. 

Tl1 rc· arc cnmplt'f ly difl' rc·ul sccnarip i11 1dticlt protons art• tltt• pritnMily il<T lt•t;tt l•<l 

partirlt·s ill the j(·l. Thi:-. rranwll'ork is callc·d hor/rot11t· jC't sc·t·tHtrio. E,·r11 itt lltc ltarlrouir 

jet scenario, LE compcnwnt is thought lo lw thl' synchrotron radintiou from th t• c>[Pctrcms 

produced of lt adrotti c cascadr. :\!though tltr ltndruuic· jPf moclr·l i> 11ot consid ·n·cl in this 

ihe~coi~. 11·e will bricfl.v de· t tiiJ(' I hi, nwtk.l i11 ~ 2.3.3. 

2.3. 1 Leptonic Jet M odels 

SSC (Synchrotron-Self- Compton) Model 

Tlte firs! c;ur lidatc !'or the · ·t·ed' pltolons is the s~,, ·hrotwu radiati n (i.e., LE rot 11 pcr 

tt('ttt) 1 roduc('(l itt lite jcol (.l ours (•t al. 1!) 1~: :- Iars ·hr·r 1!)80: 1\:iinip,l 1081: Ghi&clliui ~ 

:-r~~raschi lD !J: \ larsrhrr~ Travb l!J!JG). I11 a mot sitnplfM'f'llHrio. asing.IP ltoiiiO):It'll<'ott" 
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Fi~UrC' 2.1: !llu ~ll'atiou of tlw 111 0<1<·1 g(•Otut'tr_r :r\.11(1 tht· n·ll'nUJ( ... ,-ra_,- radiation IIIC,'{'llani:.w~ r~Jr lt•IJ!OIIil.: 

jt•t IIIOth+., 

n· •ion (spiH·riral or slah •c·omrtn·) <•mit~ both the• synduotrull <Uid iJJ,·er~<'-C'OIIIJli<Hl rn­

clinliun (mc<'-ZOilf' hotllup,cuc·uu. cuodc·l), aR sup,w•stf'd b~- Gould (1010 ). 13and .\:. Grindl:c.\· 

( I!) '::J). and !nom• .1.: 'Tak;clcar<l ( lOOG ). \lore s 'Vhisticatrd model t:tkes inio accounl the 

iulcomoi;\f'llf'ii~· of tllf' sourne. e.g .. radial prolile of the magn<'li<· fi<'ld anrlfor I he prnp­

fl!!.'ltin)!. disturha un• iu the plasll\a jet flow (\ Ja rschr•r !!) 0: \Ja.rscho·r ,\z Trm·is LDOG: 

Gl'flrf\anopoulos ,\: .\ larM:lwr 1 ODD). 

\ '11rious authors ha,·p StiCt·<'s,ful h· inl<'rprctccl the mull i - fr('(JII~'Il<'~· srwct ra of Tt·\' c•mil -

1 ill!\ !JJazM,_, by il sincpk 0111'-ZOlll' JtoJliO!\riiCUUS SSC I !lOci('] (e.g .. :\ Jastirbiadis .\,;](irk 1001: 

Piau t•l al. J()!J8: Kataoka C't al. lOD!Ja). Il tliH'\'!'r, for the -,-rny hright 0\\' qua~ars. 

ll11• '- r a~· llnx ~p,·pr{']_,. dOillillait's llH• rn<liatin~ oulpttt (e.g .. PKS O:i2 + 134: Fip,ttn· 1.1). 

aud an <'Xir<'lll<'h· ~tnm~ lwaming (c\ ~ 100) is ut·n·s.~ary to aecouut for thr multibaud 

SJH'tl ra . 'ow,idt·riup, t ]I(' n n.,o/!ob/c IH'anting fac-ior sugg('&ted ],_,. l he \ ·r_m ohst•tTalious 

(.) < o\ <.. 30). SS · st·c•unrio i.~ lhn~ high!_,. nulikt· h· for tho•,(' bright 0\·\· qttn~;cr, (1\ul>o 

d nl. 19011). 

lu ()\'\' quasms. hol.li :\.-ra\· ami ilH' -ra_,. 6pl'tlra ar<' consider!'d lo hr tltP Compton 

n1din1 ion from n•lnt i\'i~l ic drrl rom,_ I f oW('\'('J'. thrir mttlt i-ii·<'qucuc,· <>pt•el ra oft t·u sl toll· 

that ih<' :\.-rn.1· and the ·-ra,· sperlr;t arc-• not <·on lWd C'tl. ntont.hl~· (c•.p, .. Fip,ttrc· :1.1: ~C<' 

2.3 .JET .\JODEL FOR DUZAR Dll. S[().\' J.:. 

abo :\I;~drjski <'l al. l!J()!) all<l Tnnihatn ('[ al. ::WOO ) Tliis itll]'lit•s that both t'lllif.,ious 

are produced by the· C'o1nptou prort',s. l111t ih<'ir SI'Ptl p]t(IIOJl.~ arC' dillt·n•ut. Om· nf tlw 

Cltnilida le' uf lht• &<·rd pholoH;. is the· ph t(li!S <•xi<·ncal tot]((' .it•t. a;; di,t'ussPd 111•loll . 

ERC (ExLerual-Radiatiou-Compton) Model 

TllP Pncrgy d<·u~ity of radi<tl iou produced extNll>'ily to til(• l'llli,sion hloh nw~· abo lw 

important for Cumpton ~~·att<'ring . "incP it i~ cul.t ;nw<'ll h_,. n·htt i1·i,l il' h,•1u11iug 1'/J'c•rt iu 

thr lolob frmue. In fact. lh<' b<'aming palteru producNl h.'· ra liatitHI c· tnitt rd i~otrupirHIJ_,. 

iu the hloh [rame ( C'.g .. S. C proce·s") i~ "'\. c\4 • II'!Jil<' in lit<' "'·all ('ring of an C'xlt•ncal isol rnpir 

radiation !kid gOf's as 1>" ( Df•rnJcr lD!J:i ). 

\ ·arious contributions [ur the· ( .rtcrnal seed photou& has IH•cn propo"•d: t hi' Tadiation 

produced h_,. ;w arcrdiOJc disk (D('ntlf'r .1.: Sddick('iser JD():J). nr rcpn><''"'''d by llct• Broad 

LitH' Rc•giou (13LR ) and/or scal tNcd b.v tnalcrial surruuJI(]ing lhr• jel (Sikora. 13<'gt'lliJ:Ul. 

.1.: Recs 199-1: J3Janlord .1.: Lc,·inson l ()()j ). :\ I ttlt i-frNpiC'llt.'' ~prt•( rn of ()\ '\' qua.~ars an· 

well explaiurd as th<' combination or sse process and ERC protl'SS, wiiJJ a rca;,oual lo• 

h('mning factor of h ~ lO ([uoue &. Tab lc Ma. lODG: 1\ubo <'l al. J()!) : Taknlciislci el al. 

1000). 

MC (Mirror-Compton) Model 

A portion of tlce lcroad litH' region (DLR: S<' ~ 2.7) I'Oulrllw illumiuatc•d by the• br'il.tnNl 

.icl radiatinu. ]Wo,·ided that S(l tcw broad line douds (CH s.·;ll t<·riur. lllalt•rial) 0xi~l in llcP 

,·ic-inity of ilcl' jet (G icisc· llini .1.: :\ladan lDOG). ltc clifl'ereut 11·it h ol ht•r 'om pion Sl'rct lc·rin[.\ 

M'enarios, tlcis n10del predic·ts ilw flnrc· in the -,- rny l>nud (i.C' .. fi E w1npon ·ut) to lng I ill· 

~ynrhrut ron Otttl nrsl by~ Ljc, whrrr· Lis tlif' tlislant'f' from t lw blniJ to lhr· 13LR n·gion. 

It also predic-ts altnost sitnultanC'OliS nlriahility at all -ra,· l'lll'rgic•s. 

2.3.2 Time D epend ent SSC Model 

Tlll'orelitnl modeb iu JH·r,·iott~ ~er·t i<>US haw• brought ucuclt ~II(To•ss ln uudf'rslaud I Itt· 

nntlti-frC'qncnc_,. ~!Jf'<·ira of bi<CZilni frOtll r;;dio to -,-n,,· lwnds. llnw~n·r. IV(' tllnst untP 

that lhc•S(' models 1\rt' i><1s icai!Y COilolructecl Oil tlw M~ody sta t!' aSSIIlliplion. ww](' IJlazar~o 

are lti;dlly n1riablf· in ntrious CUC'rgy hands(~ 2.2.2). \'Pxt -.lc•p fm tit" tltc·orc•tical wnrkb is 

lo ttndrrst and the rapid 1 im~ ntriability of blazars. [t i~ ouly r<·<·rnlly t hal se\·<·ml autlwrs 

sta rt lo tonsid ··r unilkcl picture uf blazars. taking '"'' h tc•ucpornl 1111d JWCtral 1'\'tJ]ul ious 

into ilcCnUUl. .'lll'tPSSfiiJ rt·suJis hit\'(' b(•(•l.l (>lJtaiuPd for tiJP simp]t•st 0111'- Z(JJlP SS(' 111ncJc•J. 

IJ11{ au application lo tilt' ERC and/or th<• :\lC turH]c•lf< n•tuains a J'ulun• work. 
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\lnst ichiadis ,',; !\irk (I 001) nncl Dcrnwr ( l!J!J ') wnsirkn•d t illt(•-d<>p<·Hdt•nt sse ltWcil'ls 

11 ],.:11• tlw ntri~ilility j~ ou time· M ' iU s lon•rr thall f? /r·. R lwiug the sizl' of th<' <'tttisbiOIL 

rf'gion. o1w PX•Unplr of~udt eaknlntious is illtthlrakd iu Figure 2.8 ( \la~tic-biacli~ ~ !\irk 

1091) . ()l " r•tTntioual data r·o 111r· fn>nt \ lacr,ulb 1'1 al. (1990 : Figure 2.3) .. -\~ot lllliJJg that 

r-lrrtrou injl'<"f iou sp<'CI nun i,'> suddr•ulv c-b~ tt gPd and tlt · ll IC'ft r·oHstant, tl](·~- ralculatPd llt <' 

tint<' ,.1·n\uliCiu of the d<·clron aurl photon sp~r·tm for au arhitrnr~· lime. Ll'fl pan!'l sltoll"s 

iltt• liuw nolu tiPn of 1uulti- frr·quenc-y SJWclrn. 11·hik rigltt ]J<mel ~ho11·s lhl' d1<1n 1!,r·s in flux 

in l'arintth t•nPrg_1· ilallrls. ln t!Jis partirul;u· casr. !It<'.\' a~surn<'d thai maximum Lorent z 

fnrtor (·
11
,.,) (If tltf' <'kct rou population chaJtged hy factor of;:; iu lltP ·nrw· l'qu ilibriulli 

!-.IIlli'. 

1\i rk . Ri<•gc· r ,\: \ lastirlti<Hlis (1908) r·ousidr•n•d mon • ~ophi~tiraiNl ~cenario where a 

t\tiJI ~hoc·k f'roni propagttf<·~ i hn>ng\t tlte f' l1liS~iOll rcgimt II' it h a 1ini\C l'e}ocily 1',. ~llpj)\ying 

f'rrhltl \' ;lf·r·r·lr·ratcd d el' I row; on\.1· iu tiL<' f'rou\ ·~ , - j~iuit~·. \ l<>J>t important di sroi·C'r~· o f' I ht'ir 

111ndr·; i' tltal 1 hr· b;tlaurf' of ar-r('kn\linn a1al ·ouli1t g proce~S('S pla~·;, au importnnt ro lf' 

lu ri<'l<-mtinr· 1Jia6ar's ,·a riabilit.v. ill pnrticular at -, ~ l umx· The-'· found I hat not on lY 

the• nsnal doc·kwif-l' hystt·rl'Sis (Fignrt• 2.G), hnl a lso tlw rlllli-dockwi. <' ltys iC'n·si& ccntlrl 

ltC' oltscnwl if the '"'''"lcrnt ion 1 inw is t·<•Dtparnblr 11·it h t hr· cooling riut<' sca lP. 
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F' igun· 2. : Tinh'-di•p(•Jidl'llt Ill H.ld ror IIIUiti-wm~t! h·ngt h "> (>l't' llHIII (.UI(llight (." IIITC::. of ~hk 121 . Ell'l I roll 
iujPctiou "(wt·tnnu j.., H:-::-UIIH;· d to IH• ::-1\l lch.·uly dtallg1·d <. tnrl tla•11 lt'ft nm~t<l.ut. lu thb fiJ.;UI'C . IWLXi!UIIltl 

l.tm·nl t fHeWr of iu.it '4 ,,.d f'k('trou pop11htt.iou tHf' rlltlllbt'd by fa~ ·to t• of :i. left: Evolntic•u~ of IIIUlti 

wan.:l' 'II J.;lh :-.tu •rtrntl t. Solid liH 4.' is all iuit·ial :-.tau·. whilt• dollt•d !ill'' b tilt' ·Ju:w· cqnilihrin111 ~t<llt'. I ;y ltt : 

Plot of tlH' !lux nt q triou:o; fn.•qu<·w·i''"'· Th~,· larAl' da,, IJ liut• j..., 2-10 k1.:\ · X -rayl". while laqjt' tlot -t!Mol• lilll.' 

;, > 500 C: t• \ •1 nt~ '- Fi ~l ll"<' frolll :lla,tid1iadi' i.: Kirk (!997). 

2.--l. T£\- UL\Z.\R' CLL 'E TO THE .JET P/l\ 'S/C' 17 

2.3.3 Comment on the Hadronic Jet :Model 

Finally. 1\'l' mu't uo i<' th •1l then• r·xi~t~ a11 alt Prttativc (o1 nddilinlt ~l) ;.t'<'Hario tha t .-\G .\1 

jl' th consiht' of norma.llt;tdrnnir· !ll ;tt lt•r ( "fll'l'ton jr·t" ntmld: :\l<tlttlhr•tnl ,\: l3if'rt!Hllln I DD2: 

\ l;mnlt<'ilnl!J03: Dar 1!.: Laor JODI). In llti., ~t'r n ario. r<'ialil·i, (ic <'l<'<'lrnns r·au i> <· inj!'dt·d 

I,v reb 1 i1·i,t ic pro tUtl b following nndr•ar in I r·rn('l ion~ mul j11r pilot o- lnPson prnd nd ion pro 

cr''· Sinr·<' lht· rolumn dr•Hsit .ir·s itl tlH' jet pla~nta ar<' ton 1<'". tn pro1·idl' tarp,r·t lin uncl(';tr 

interact inns. an t'X lC'I'IIal t:u·p_('l ha~ bc<•n proptlhf'd ( Q~dnnrr •k 19!)3 ). Such a tttndr-1. ltml·· 

,.,.<'1', may indudr• sr·wral &!torttmuings as dific·ussNl in Sikor;\ (I !J91) and Si kr•l'il <'I a!. 

{I!J!JI). 

F'irsL th<' PXtrcmely loll' magnetir· fiC'ld in thr• tM •Pt <HI' n•qu ired to aYoid i~o t ropization 

or ac-cc-1 -·r~IC'd protons before· lltl<'ll'nr intt•rnr-tirms. Sl'coud, itt this Sl'l'll<lrio. it i ~ uul,l' 

I he tltirrl grncralion of pari ides II"Lidt pro(\U('PS 5.1' llCltroll·nn ntr\ial iott in lit<' obsc•rYablr• 

cn<:>rg,v rnll)l,C'. lu this case . 1'('1'.1' fi11c luning must hr al work in orclr·r to obt a in n third 

generation radiation compone11t in the ra lir, lo X-ra. · hnnds. Third. ~twh" r·vm tHtcl n·~io11 

is PXJH'dcd to be opaque for C:c\· pltotou~. Ouly l'or prol1.1ts with f'l tcrgit•s ~I ovc ~ J()fl 

Gr\' . llw rad iatiou fi ,lds become· npaque l'nr phol(Hltrson produC'IirJII pn• cf'~s (\ butnl11 •im 

H)Q3). Following pholo--mC'son pmductiou trigg<'r('d b1· Slldt protons, 1 h<' ~.l'lll' ltmtron pair 

cascade dcn•Iop .. In tlJis moclrl, thf' ltrC'a k f,C'[ \\'N'n .\ - ra_1·s a nd 1- ray~ iR jltJslnl<tl <'d 1 o 

corr<•spolld 11·it It the hrrnk in t lw pair iuj<'d ion lilll r l inn . This Jnodel prcdir· 1 ~ tlw 1 

ray r ncrgy index to hen., ~ l. 11·hic:b r anuot r•xplaiu slr•cp -1-rny SJwr·tra oh& rl'<·d ll'ilh 

EGRET . 

Final]~-. IW shcllllclnol e that the pn•dirt ion l'r m tlw lt•pt <JUir· seen>~ rin ib quit<· r·onsistr•Jtl 

with thc ohS('J'Yational dnta l'rom radio t11 TP\. 1· 1'ay h>tnds. Add it innnlt·o1tl riltuti('ll f'roHl 

the arC'c-lerat<'d pr tons , en:n if it cxibls. Sl'f'Jll" HOt,. r.r import nut. For the·&<' n·nsons. II'<·' 

do not considN thr hadroni<- j<'l model iJJ this ![]{',;is. F'olloll'iHg disCi tshifHI <t%umr·~ tlw 

jet iHduclcs on!~- l epton~> ( i.e .. <' l<'rt rnus n11d po&ilnms), or at IPn.l. r<~di a lio n origi!lftt<·d 

in hadrouic iutcraclioHb i& a !>Ml11H' I I o be Hcgligibly small. 

2.4 TeV Blazars - Clue to the Jet Physics 

2.4.1 Unifying Blazar Classes 

. \ s \IT' St'<.' brie(ty i11 the pn·1·ion., st•r l i lll. b[<J z;us arf' dnsbilir·rl i1tlo 13L [~c· t, J,j ;·c ts and CJ\ \' 

qunsa r$. l3L lilC' objcr·lf> that .ltal'e ]cm··<'!lrrgl· tlf'ak:-. in I u<· lH foptirnl hallds fll'<' ndkc\ 

Ll3L~ ( low-<' ll('l'gy pNlkrd QL !at>-). while· 13L l ar ·~ tha t h~w tl1P pr•aks ut t!JI' l'\'/X-ra\· 

hm1d <li'P r·alll'd H13Ls (hip.h-r·m•rg_1· pl'ahd BL lar·s) (<'.g .. Padrwa11i 1!.: GionJuli. 190.)) 
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Th~ firs! IIII<'IllJll '"find n·gularilir~ i11 tlw spc•c·fral c•HNP,Y di~tribntion (SED) of hl'lzar~ 

iurludinf; >n"' olaf a. an· prrfonned \).'· Kubo <'I al (l!J!JT: l!JDn) a!JCI Fossafi <'l al (JDD8). 

1\nhn "' al. ( IDOl: 109 ) fit tlH' IJJHlti-fr qtt('llt'_l" S)l'l" tl'a or 1 bla7ars obsc·rw·d with 

ASCA ll\'" <·H l>ir. k~dinp. tn a rondusinu tltal tit<· difi'c'n·nrr of till"(•<' typ<'s of blaznrs 

( llllLs. Ll!f., illlcl ()\"\ ' qu asa rs) arl' printnril~· dul' to tilt' difkreut mnxiu1tttll Lon•ttt :t. 

f:wtors {~'""-') nfelt·ctntlls. 'nu" ofO\' \ " qttasnrb mer dc·rin•d lc> lw L0"- 10'1. while• till',\' 

11·,·11 • Jtf'-1 111' for !-113b. Tht·y al'o found that lit<· multihanrl sp<>ct ra of J-lOls an' wrll 

•·xpl:tlll!'d hy a simp!P sse procrss, while tilt' ERC process Jllll,,t be dontitHIIII for ()\ "\ ' 

qlla '<lls. Silll'l' 13L he objects is c-bara!'tf'rizrd IYit h t he ]at•k or :UJ\" r mi 'f> ion lines ill the 

optit·C~limllrl (Fi •ttrr· 2.1). c-oHt rihnlion from tht· rxtc•rnaJ radiatiou fi ld f'ltould h mudt 

lt·ss Jlwu thai ill tl11• 0\Y qn iL~;u·s. lu snc·h situation . tlll'y found that pure S~·llrhwlron­

SPif-C'ontplon (SSC') procC'' is <-xpr ·ted to he domin:u1t. 

Fns!<; tl i ..t nl ( 199 ) collcrl dat'l from lit<'ralun· for 1non• llt all 30 som ce. and tons l rud 

t ill ' SE D of all tlt c•sc• l> la?.ars. Tl<ey tli,·iclcd l]t<• a ll :otl!T<'S in riltlio luminosity bin~ . 

ni'Nilf\iug tlw dat" of the ~ource& bdongiitg to thP HllllC luminosi(.'· hin . The result ;,, shown 

in Figu r0 2.0. ln tporl a ntl,l'. there seen1s a rlc<H trf· nd th;tt a$ tlw tota l power dcnrnses. 

J,c,rh LE and l iE rcmipOill'llt s shift lo l hr highc•r frequt•ttrieR, and at th<o' same t iuH' the 

-1 ray lllmiuosity ciNT ·as ·sits relative iUJporta nct·. rr·ducing llw ],o!t)nll'trir output. 
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Fi~lll'(' :?.!J: l-uilil ·t.l pklllfl.' uf "JH.'l'lr~d l' ll <'q~y di ... uilmlion fur a.llt,\')lf'~ of hhlt:m·~. Fi~n rt· rrout Fo.-.:-.al i 

1'1 al (10' '). 

.hisdl ini c·l aL ( 109 ) han• t·ollcrt d a lilr).\t 'r samp]('s of j J b l n7ar~ a nd app lic•d 111 orc 
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st ringent t hcorct ic-al nu>dc>ls for blazars. Tht·l' abp '"~'"''iillt•d t h<· diJ!i•r<'ll!'l' oft ltn•t· ltlatar 

da. S('S ll"ith t lH• difl(·rrHC<' in elect ron Lon•nt z r~ctor~. Th<•l' round a t igld Ct>ITdat ion 

lwt ween I he IJ>••ak ( ~ /max) and I hr HllJOIIlll of \'IJ(• rgy dt•H;,ily l ' ( bollt JJl<ljJ.lll'l ir and 

radialil·c): ! 1wak c -li.l> (Figun• 2.10). l!llpllrli\Hth·, tltis nl l'illl~ thai till' C'll\'1"1;-'' los.-, rnt c• 

of rlt•t·lrons ( x ·/[ ·; M'~ ~ 3) is, at /po·,.k· w•arh- llw s<lllll' for <tll lypt•s nf h!nznrs. Sill(·" tit•· 

ace •kration aucl roo liug is <'X J'f'Cted to ill' hnlann·d 111 lro··•k· I his &tl l;l; t'lits ih<· pr"~t'll<'<' o f 

<>ome llllircnud acc<'](•ration llt (•th ani~ lll iu blazar jrt&. 
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Log (U,+ Ua) 

Figun:· 2.10: Corrclatiou b~.:l\\' t'l' ll ')1,._•ak cu1d Lilt' tou.J (um1:,;n t•tk plu:, radiatin·) t·ucrf:{)' dt•m.ity. A ti~lit 
r-orn·laticJu , ... ,1)(_ .. ,1k L: 0 6 \\·a., fouud. Iu this tigure. QSO ll o:-.tt•d J,JaJ.ar:-. (tJlllls) tu·c· d!'fi11Pd H.S LI'Q 

plus HPQ. Fi;;urt• front GJd,<·lliui l'l al (1998). 

2.4.2 Extrem e Particle A cceler ators - Te V Blazar·s 

.-\8 was Sllll,gested b.1· 1\:nbo PI nl. (1098) ;tnc! Chi~C>Jiini rl a!. (1998). thP !l·pirnl ,-aluf'~ ol' 

''""'are~ 10" for 0 \ ' \ ' quasars.~ 10 1 for Ll3ls >u td ~ JO:; for J-J 13Ls. n •sp<•<:tin·lr. Th" 

unifi d picture of thcs1· hla7<tr classes is illu ~t ratc>d in Fig11r• 2. 11. This ligur · n•pn'SP!tls 

ilw relation bctii'<'<'H lulllinosit_,. (i n lh ,;ource franll') w•rsu~ 1uaxi unuu Loreut;~ facliJr ,.f 

ckctrons (G hise llini Pi nL 109 ). Ont• ran sc•e lh:tl th•· JJI3Lh ar(' lf's~ Iumi1tous IJt tt haw 

lnrg(• 1max - whit.:h indi <·ate~ tl1at particle nccdt·r~l iun pron•ss i.• working uw&t dlirit·nt ly 

in HI3Ls. 

Four Te\ ' IJ!azars an• rl ns: ifi cd i1t10 HDLs. lwql!IM' tht•ir LE t·onJpOJH?ll{ readu·& to lht• 

X rav energy band. 0.-I C'ctiou nfTp \ " ·-ra~·n ~tli\1\<'Sh a Jli'<'Sf' liC< ' of C'I<'C tmns naf'll'ra l ~d 

to E'X I reml'l.'· high E'JtPrgi!'S. up to ~ma.< ;::=: JCJfi. This ('au IJP Pilr-.ily tuul rstood '"~ f'(J IInws. 
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X 
ctl 

E 
...... 

Source Frame Luminosity (erg/s) 

FiP.tii'C' 2.11: Uuifi(·d :-.dll'lll(' of all l ,\' )H'~ of hlat.CH'S. figUl'l' ~l(hlj>tl'd rroi.U Ghi .,<.•llitli l'l ~d (1098 ). 

Tl1<' ut aximnm energy ol' ltigL ('H<?rgy electrous is p;in~u as '"'"' 111J
2

. Frolll the argulllcnt 

ol' c• 11 c·rg~· cuJI'<' JTaliou b~twcrn an electron and pl,r•l<>ll. this mnst lw larg r tlmu the 

nh,c·JT<'rllllaximulll photon <·ul'l'gy Hlt'asurrd iu I hf' ~outTc fmnw, i.e .. /111,,.,,jr. Since we 

han· dt'lrdc-cl Tc·\- ")- ra.'·s l'r0111 I h('~P sources. lltc• rel>1t irJJl becomes '1maxt 2: 10' .. -\ssutniug 

,\ ~ 10 lt>r IH'AIIlilli\ fn tor."''-' •xpel'l that PI clrnns arc- ;u't'ekralccl lo more thall /rua.x ~ 

10' ' at ll'a _. l in thes<' Tc-\ - ~OlliTCs. 

.'iut'<·lhl' cr•oling time 11·hcn au c•lcctronl<•M'S it s hall'ofc•w•rgy by svndll'o lronmcliali on 

is proporliunallo- 1 (~ 3.:3). most rapid l'llrialinu' c·nu he (lh~ ·rn·d l'or these Te\' hlaz::u .. 

. \nv chnll)'.<'>', ""·h "' ,·ariations in ar·r·t+ ral ion rate :md /or the nwgm·t ic Jil.'!d . willlw most 

sc· 11 ~it in ·ly ohsl'rH•d al ' ""'-' ' J lllpnrtant 1_, •. iu tit<' photon frc·quen'·'· ~pa<'t', thi~ <'Orrcsponds 

to th<• ); -nty IHutd for LE r·ompC>IIPlll nnd Tt•\ ' haml lor HE comp >IIPnt. both of wltieh 

~n· kno\\'11 to ~how I'Cr_,- s( <'<'Jl sJWCtrn and huw· alltplitud<? I'Hriabilit.1· (§ 2.2.2). Thus thr 

~t ud .l' t•f 1·ariahilitl' pnllt•m;. and the ~pc•rlral l'l'o]ution'> in X-ray nnd Tc\' h;u1cls Jli'OI·iciPs 

cliH·c·t i11fonnalio11 011 cll' lmtni<·s UJ)t'rali11g i11 the jd (c . f~ .. 1\:irk. Rit>r,cr . .\.: :'llas tid>iadis 

l!l!JH). 

.\ l> imilnr study roulrl h•• abo po::;sihlt·lill· Qllll and LBLs. but would prob;tbl_,. he lc·~s 

wndusi1·c·. as I ht'"' ~uiH·Iasse~ of blaz:u~ <'X I1ihit a great •r ,·a ri (• ly of spectral ueha1·ior. [n 

J»lrliculnr. thP \ -rn,l' nnd -,-m.1· hamls (Gc\' l'PI\ im• ill th is case') corre~pond. lu th e lowest 

and tlH• hil\h<''-l p:u·t uf liE com) on(•nl. r<-.']Wdivel~·. and tlllls tl1r.l/ MIIIIJllr r/ijJcnol 

rl/r/s of lhr rlrclron JJOJilllalion. IYhic·h is in ,·outntl-t I(> HI3L~. In fact, X-ra.1· ,·arial>ilit,· 

2.-i. TE\ - ULAZ.\J? ' CL['E TO TflE .lET P/-1\ 'SIC. 2l 

ofQHI3s and LI3Ls is knowntr• b<• ,Jnwt·r ami I< ·,..,.. n1riahlc 011 sl1urt lillll' sc·a]Ps (q:;., l\nho 

ct al. 1!)!)8). Tc·\ · l>lazars protni~c· to prm·idP ridl l''l but n·n~<~ uahlv ln•ll llH'a~mPd 

rari ·t .1· of hot it lf'm poral and spc·dral c,·olutiou 11·hidt ;11 l ht• S<lli!C' tilltl' i., n•n,onahh· wl'il 

uudrr~toml i.t1 tl1~ nnlt'xt f the relntin•ly ~iJnplt- SS ' mudd. wl1ich poims to diYcrsc· bu1 

rPbti,·r]_,. wc>ll -dl•l.crmiued ph1·~ical r·ouditiou. iu I he jet n11 h<•r than iu lndin,e; additiona l 

effects tluc to gco111ci.!T (e.g .. hc~minl!. :1nd orit•uwlinn) . 

2.4.3 Individ ual Target 

Mrk 421 

:\Irk -121 is 1-rr~· bright and hifo\hl.'' l'ariablP in th X-ra_,. band. Hapid noriahility iu timr 

scnl t•s <\.'short <ls ~ l day was n•pc•atcdly oh&cr,·rcl (e.p, .. :\ lakitJO d nl. ]!)'7; Gl'nrgt• el 

a.l. JD8 ). X-ray '))(>Ctrum is n'r~· slN·p. snell tl!ilt lloc pl10tou c·uPrl\y '!Jrdntlll iu liH• 

); -ray bm1d is ll'rli-d<>sr-rihPd by a power l;Hv with I he photon imlr·x ,..., :! - 3. Dlt Jwugh 

the spcctrnl shape chang s igttificautl_,. during imli\'idual oh~<'n·atiou~ (C:illlnmi <'l al. 

HIDO: :\[al,iHO C'l al. lDD2: Comastri et al. lD!ll ). ll waR also shm1·u 1 hat tl1i• <'ul'l'I-\.V 

~pt•clrum fro1n radio to .\-ra.1· baud eoum'cts s111ootbl.1·. SllJl,l!,t'btiu p, that tl!<' &atilt' c•no iss iiJu 

mechauism (i.e., s.ntchrotrou radiation) is n·sponsiblf' for the radiative otll)Jilt from lh<' 

cutin: radio- to X-ray regim • (e.g., Urry l!J84: :'II<Jkiuo I'[ al. l!J87). 

The arh- ·nl of EGRET i11slruuwut <UJd th~ bserml iuns In· Wht}JJ>Ic Cltt•r nko1· i<'lc·­

S(·ope brought a dramatical prog-re in the tnultifr<'qHrnc~· ,;tudy of this ohjPel. Tlw ')-my 

emission was Jirs l dctertcd in Jo e Ge\' b>~ud iu J!)!JJ. but was ,·erv faiut. Th<! GP\' !lux 

was comparable lo that of EGRET dcler·tion limit (Lit! ('I al. 1002). lllltWrlaJJli ,l·. llu• 

Sp<'ctra] photon index inlh<' Ge\- band \\'as tlat (~ 2) ;u11l not <"O llllrcu·d !>JJWothlv to tlu· 

.\.-ray spectrum. This wn. lite first case wltit'h sugg s t<•ol that thr· l10lh f'llli,;siuns han• 

differC'nl C>ri, ·ius. as prt•cliti E•d by the SSC' S('<'Jlario (Sf'(' S 2.3). 

After the EGHET d ·trctiou. ~Irk -121 wa& df'tC't:fed at T \' c·nerl\i<•s (Puur·h <'( al. 

1092 ) b,v Whipple(' >llahoratiou. being ll1e j?r.,f <'Xlrag:daclir '[,.\ · sourrP dc·t etr•d at 

that time. Th initial clctl'ction indi(·at£>d a 6" <'X<'<'~s and the [lux w11s approxiwal ]y 30 

'i( of tlte Jlux of lilf' CraiJ :'-le iJula abon• 300 Gc\· ( Punrh cl !!I. l!JD2). T· ·\ · rmi&sioll fnJJn 

~Irk -121 has now hc<'u cnufimtNI h~· Sf'l·eral ollwr collaiH,ratious (r•.g., Pt•t n· PI a.l. l!JDG 

lor the HEGRA dctN·liou). The Tl'\. speetntl11 11·as ntl'lt. mPcl to b" n·r.v. lf'<'Jl. iudir·at ing 

the SJWci raJ photou ind(•x ul' ~ 3 (Petry et al. lDDG: ,\hawuiau n aL 1 DD!J). :'I fan~· 

nutll(Jrs a. ~oeiMc<l the Jll'tuliarity of .\ Irk -121 ll'ith 1 b • rliMancc to tlw S(Jtu·c.-. lu far! , 

it is th • clc,se"l 13L lac objects w],osc rcdshil't is 0.031. aud thus lr:il~l affe('frd b1· DIHI3 

(Pxtraga l;:wtir' diffl!SP lnl'rar('d hark~rOtllld ) <thl:oorpliou (~·r ~ :?.0). 
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Till· first IIIII It 11\'an·lc•ugt h nunpaigu of ~Irk ~21. iuducliug - -rn~- ckt !' tor~. IY<l.'· C\lll ­

dnd<'tl j11 J!JO 1 fro111 r<tdin to Te\' bn11<b (:\lat·onlb c·t ~1. lDO:i: 19DG). This ·ampnigu 

prc 11 idc•d t!JO' iJ,•,t-s;nnplrd d;1ta r·\'1'!' knmn1 fin· \Irk 121. During this nmpai •u. a T<•\' 

Jlarc 11- , 1~ d<•l!-rtc•d , hut tiH• ASCA ob~<'i'\'!ltiou wns cnnclnc·rC'd one da1· aflf•r lh!' Tt•\' flan• 

(1\Nric-J; c•t al. IDD:i: Tnkaha~hi c•t al. J!JDG). Thf' EGRET also olN•JTI'ci \ Irk -12l for 

a wt·r•k. but 110 ,igui lkanl n1riatiou in flux wa~ dctrt l<'ri (r igurP 2.3) . .--\norllrr \ Irk -121 

1111dtiwnw·lt·ngt h r;lllJpaip.ll Jlt'rfontH'<i in ID .j rc·l'f'alc·d auothl'r coim·idt•nt kt'\'jTc\' il<~n· 

(Bu('k!t•_,- f't <tl. JODG: Takahashi el nl. l!JOGb) .. -\lthou~h the rdalin· tll npliludes of 

\'ariai>ilit\' iJJ'(' dilli·n•nt, thf' \,;\' aud oplieal ba.nds al'l> showed cnrrchllinll durin~ th!' 

Jlan·"· Cnforlunatdy. t Jw X-rn_,. dat" wt'rc too spar,cJy bampll'd to resolH· the rapid t in~t• 

l'ilriai>ility <in rill ?, th<' ohsc•J'\'ill ion (s<-f'. P.g .. Figurf' 1.2). 

Mrk 501 

~Irk :iO I wa' km111' 11 to lw a [~inter Rnd lr·ss variablr• TIL Ia<· obj -·c·t I han ~ .Irk -121 in 

thr X-ray lw ud . Excc·pt for :tn EXO 'A T obs<·n ·<tti()ll iu HI8G (Giommi ct ai.J O!JO), the 

,-nriation 1 iitl!' RnLIC' was alwn.\'1< JongN tltau C>Jll' da_,._ X-ray sp!'ctrum \YHS stc<·p. sur-It that 

lite· phol 111 <'HNgy ~pPctrum wah wdl-desr-rilwd h~- a po11·€'r Ia\\· 11ith the photon indrx 

of~ 2.() (\ Jakino <'tal. 1002: Comasfri cl al. 1001). The c·n rg:c SJWCtrnm from radio 

to .'\ - ra~· lwnds ronnrt·t <·d ~llJOOt hly. agaiu sug?,es l ing I hat same emissiou IlJ<'r-hanisnr is 

doJlli!llwf J(JI' th\' radiatiou in both ell<'rgv lt~nd' (c. • .. lrry 1084). 

From 1091 to 1002. EGHET obsen·<·ri \Jrk ;()[ rlrrc-e times, hnt 110 siguific-ant •1-ray 

<'llliH.,iun II'<L< d!'lf'rfc-d (~ 2 a). Tl111s ouly nppr·r li111if on flux was <l\'ailablL' iu tlw 2m! 

EC:flET sourcT t·atalogu<· (Fic-htcl el al. l!J0-1). Tn par:t!Jel wit h EGRET obscJTations. 

~Irk :Jill was also piirl o[ <lll adil'(· progra111 of Cth,c-rving cxtrAgillac·tic sourc-es b1· I hr 

ll'lupplr· n>ll:1horati 111. Prior LO tJ,~ detection ittlhC C:1· \ · lnmcl , in 19!).). it'"'"~ dele led 

'"' lhc• 'rcootl rxlrafl,HbKtk souiT<' th~l ,-mit > Tc\ ' --,- ra.~·s (Qu.inn rt al. .ID9G). Th su m 

of lDO:i lata indi<-arrd U1r Illan;inal c·,·idrnc-c l'or d •teet ion M D rr level aml lhf' fliL'X "'"~ 

approxiuralt·h· Ill 'lc of the- flux of ihP Crab \'ebula al O\'f' 300 C:.-\· (Quinn \'l a!. l!JDG). 

The• T1·\· ~JWcl nnn was measurPcl ro hr ~lt'cp , but flat ler th:111 \Irk ~21. The SJWClral 

photon iud~x wa" ~ 2.:i ( P<'try c·t al. l£1!)1: Smmrel&011 al. 1 DD ). \'olHI,J_,-. \Irk .)()l is tire 

~~·t· IJHI doM'sl Tr\'-c•nrirfing TIL LH' ohjc·c·J (: == 0.0.34). 

Tht· lirst llllril iwal'el<'n[\t h obbPI\'alion~ of \Irk :iOL 11·hirh included j-ra_,. drt.rc-torh. 

we!'(· t'NHinctt'd in 1' 9G ( 1\ataoka c·t 0l. 1DD9a ). The· obsen·a r ion. 1wre rouductrrl 11·it. It op­

til'al. A CA. [ :1 ET. and H'/npJ•lc lt'i<'~<-oJWb, a lthough the G!'\. -ray 'l'ab not ddcctcd 

at I hat r inr<'- Tire• >IN·rnttit>t\h werr 11'<'11 -~rhcdnl•d and ~imuhanc·ous from opr ic·al to Tc·\· 

hands. Tl"' X 1 a1' tlux oiN'JTCrl \\'II h 1!. CA was fil·e tinwfi higher lh:m that ohtaiucd 

:? . .J. TE\ - DL\Z.\/1,' CLl'E TO TI-:IE .lET PH\ ' ' fC'-i 

11ith G.ING'J! (~lakino <'I al. 1002) and tht' plwrou •' JII'I'R\' spt•t·trllnl \\as hnrclt'r. ~f<on• 

iiiiJlOiiautly, during tlri& t·arnpRil!,ll. EGRET dPI('(·tc·tl .\Irk ,jill with a siguificanc<> of 3.;; IT 

ahm·e 100 ~Je\ ' (!\at aok:i l't a!. IDO!la ). Follcm· 11p oh"·n·<triolls ('st aiJlishc•d nror<' iol rongl_,. 

thr dc-t<•rtioll of .\lrk :i01 iJ_,. EGHET. willr a 111nrgi u:rl "iguifiennn· uf -1.0 rr ah0 , -,. lOll 

.\ Je\ ' but a signiH<·ante of :i.2 rr nl>ow ,j()() ~1<-\ ' . illtlit'alilll'- a lr;ll'(] (:!'\ ' photon ~[H-'clrU11l 

of the pholon iJid<•X of 1.3±0. -. 

Th<· mnltill'<>l'l'lC:'u~t h oiN't'l'alions of \ Irk .)01 iucludiug Tt•\ ' lrlt·scopr•, n•pt·att•<l aft<·r 

tlw suc-cess in 190G. Durin?, 1!J!JT .\.pril campaign, a tlrama tic;tltlan' w11:. obc-rwd iu both 

X-ray aud Te\· band~ (·.g .. 'atanc&c ct IlL 1991; Pinn c-1 al. 1098). T!to:.<' n>. nit s i111pli1·d 

that Lhc ke\· and Tc-\· ,-ariatious are Wl'll n>rrr-latcd. and X-nw spt·<·trlllll ht-c-nmrs lwHirsr 

mno11g the HDLs (photon incl ·x at 2 10 k<Y ll'as ~ 1.1: Piau rt al. ID!J'). Pin 11 f'\ al 

(1998) pointe-d out Lire shift of synch rotron pNtk (JlNik ,,f LE mlllp<'lll'llt) h_,. a f:-wtor of 

100, which is I b<:> brgest . hil't c-n·r obscrl'c-d in blaz:-1!'s. 

PKS 2155 - 304 

Pl\S 2105-30~ is a bright X-r:-n· bl:rzar. showing a rnpitl variability on tillll'-sca lc• Jf lwurs 

(e.g. Tre1·cs <"I nL 10 9: Tagi ink•rri et al. 1001: Cbiapf'lti <'I al. lDD!J ; Zha11~ d :d. JDD!J ). 

It is also one of rite hright<•st C'Xtnlg<1iac-ti" E \ 'some<·~- :\ large• uumhc-r of iJ 1tcw--in• 

multiwavclcngtlr campaigns lwvc heC'n concluctr·cl, but t hoM· oh~<'t'l'ations die! not i11duclc> 

')-r:l_v detector. (e.g .. Edels 111 E'l al. 199-i; rry c·t nl. iDOl). Tl.Jc· C'lll'r~T sp<'<'lrlll!l !'rom 

ra lio to X-ra_v balld c-onnc:c-ts wry smoothly. sugge~ring tlutt both emissions an· cin(· to 

tll<• same origiu (<'.g .. L' rr•· l!J -1: Trc1· set al. 1080). Tlw photou Pn<·rg)· SJ!<·c·fnnn ih 

well-descrilPd bv a poll'er Ia\\' with the photou index~ 2- 3. !Jut highly wtrial•lf' (0.p.., 

SPmbay et al. 1093) 

EGRET obs ·rwd Pl\S 213:i-30-ls.ix tintes [rom lD!Jl I(J l!J!J3. but uCJ ,.iguilic-Dnf elnis­

sion 11·as deleciNI. 1-lowE"I'('r, during 199-l obsc·rl'atio!l. it was d..tc·ctcd fur lhC' fir;-.1 tiu1" 

at G 0' lew! (\'est rand. Staey. &: SrC'cklllttilr lDD:i) . Funlwrmor<', hi •hc·r G<·\' Hux \\'as ol 

sC'n-.-rl during 1997 ob~('n·ation. impJ_,ing a GP\' flux iucreasf' h~· a far-for of ;j (Srf'!'knnrar 

&: \'cstraud . 1091). The· spctral plwtou indP.x i11 tlt<' Gr\ ' band wa~; nHwmr<'d to IH• 1.1 ± 

0.2. 1n0re ll~lt ·r tlmnthat ol' the X-ray Spi'ctrum ( \ 'f'stmnd. Stacy&: Sn·c·kumar. l!JD:.i). 

The Te\· enli86ion Ji-om P I\S 2l:i:i-30.J ll':ts dctPclC'cl onh• r<·c·<·Htly. probably <Ill<' to 

ir. southern lo<'alion ( 'hadwick c•l ~1. l!)!)!J). DfldJ;wJ .\l;u·k (j 'h!'n•uk(J\' t<·]PsropP 

repeated ly obserl'(~d PI\S 2Jj,j-:l().J fJ'(Jrn J!J!JG lo I!J!JI. and ohlilined All t·,·id< ncr- fm Tt•\ ' 

C'Jlli~ ion with lll<trl:\iual si[\Hificann: of G.8 a . . \!though <Jlh •r t<"l<'s<·op!'H l<J<',I<'rl iu lhP 

Soul11em Hen1isphen•. ('.[!. .. C.-\\/C:.-\ROO ·oil a!, mt iun. IIa\'e uot ('Ollfirllil'd t h<' d<'li'Ct i m. 

Pl\S 2l:i:i-30~ is nn"- lwlil'lwlto !Je tlw fonrlh Tc\' <•JJJitliug hlazar. lt sJ,nrlcl h<.· 11 olt·d 
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that PI~S :2J,),j-;l1J.J i~ lltnrP di~tant (: = 0.11 I) I hau :-.Irk ~21 and :-. Irk 301. a11d thus lh<' 

"'"~' <'tn<'i<li t•·~t on DJRB will he ,, .. hi<'V<·d for thif> sourer in the futun· "·ork. 

Siur•· !1oth (,!'\. and Tr·\· C'tllissi()ll was dt?H't'tPd oul.v tf'rent ly. uo 1111litill'aYPI<•u ~t h 

1-aJitj>lligu illclnding ·-ray dr·t('dors wa~ rrpnrl('(l. Th<' tillll' ,·ariahility IY>1S ~rcatl~· diftcr 

r·nt 111 dtfl'<'rt•nt r·p1whs. Dming IDOl campaign, I D 'lc flux cltan~(' 1\'ao hsNI' d cohcrl'otly 

rr11111 oplicalto .\-ta_,·lwuds. ll'ilh no oiguiticaul tiutr· lag~ (Edl'ison et al. l!J9.:J ). J-I OII'(' I'(•r 

111 I!J!l~ rautpaigll. till' amplitmle of nuiation wa;, ~trongl~· fr('(111ency d'·peJHlvnl flntl' 

.,[a raclt>r 2 ill tl 1~ '\-ra.1· band, 1d.1il<> ~H1nllcr amplitudr ,·ar intions in U\ ' bands \\'er<· 

oh;,r•tT<'tl with signifif·ant tim<• i>ll',ti (l'rr.1· ct <li.l!J!JT). Considcrinl!, tltc lal!rr campai •n 

iln< cmly ~lll>rl rm·r·rag hetwepn l ' \' and .\-ra_,. obs••rnlti<ms. it N'm~ ~peculati,·e to put 

rmpha~is 011 t)J(• li1ur Jag. How<'l'!'l'. llH'M' obs('n·ations Sl lf!,f!,CSl lb<· ,·ariel\· of flares wl1ich 

nr<• prub;lhl.v dur· LO lh<· clifi'rn•nl phy~ical origin. 

lES 2344 - 514 

J E 2.3-l-11;; 14 is oll<' of tltr few knmnt 13L [,l(' ohjccts. ]I 11·a first cleleclcd in tlH• 

E111.,tr 111 Skw SmYcy ( E!Yi$ et a!. 1992). I ES 2:314+01•1 w~s on ly rN·ently idC'Jllifi d ~&a 

11L lnl' ohj d (Pc>rlntnJI ('tal. 1996), b.'· tht• lack of oplicn l eulissioulines IYilosP equi1·alent 

width j!,l'(';lf<'r than .:i • .l..and its Ca [J ·break st rrug,th' h~iuf!, smaller than 23%. Thl' fonn <'r 

r·li1ninHI<•s tilt• pof;.~ibilir_,. of th<· snurcc as a rp ta. :11' . while the latter cri l<"ria is indicatin· of 

Ill<· pn•seJJcr of a powC'r law cOHiiuuuut. Pcrhnm1 r·t a!. (1906) df'termill<'cllhe rrtbhift of 

this oh.it•ct (: = 0.0 I~ ) l111hrd ou absorption liJtPs. fii nct· it llad un e1·ident cuu~sioa liJJC'ti. 

l ES 23 11-! 0 l-J is idt'JJlifi ·d as tht· I hird rlo~<·st kuown DL L11<; c,bjct.:l. after :l·lrk 421 

n11d ~ Irk JOI. P!'J'!JIIaJJ PI HI. (t!J!)G) ckri1·e a 2 kc·\· X-ray Hnx as roul!,hly 1/3 t]JC Jlux 

dl'lt••·t<'d for \Irk 121 aud :-. rrk :iOJ. :lkasurc-nwnls lak(·n wit l.t lh \ 'cr.r Large ArraY 

radio iut••rfPIOm<·t•·r indicatt' that itR r>Hiio emiR~ion is ·poiul.- like.· 11·ith rnoTc than 80';1. 

or it' llux h('illf\ front ~~~ nnr('~oh·cd poi11t ~omcc ( I' ell anik N nl. l!Ja2: Perlma n cl al. 

1!JDG) . Thr•;; Gll1 nulio flux is ahoul 1/3 and 1/-'t of 11.te flux of \[rk -'t2l anti .\ Irk :illl. 

l'<'hjl<'d i \ '{•h-. 

Tlw EC:HET olN•rwd 1 ES 2:31-l+:ill. hut ha~ n<>t dt>tN·ted it. The pr~liminar1· npper 

linnl nn lilt• Gt'\. llttx. dPril'l•d front lh<' pril':\lc c-olllllllllli ·at i n IYillt th<· EGRET lf'alll. 

i~ prrs<'lllf'll in C'atam•s•• ••t nl. ( l!lD ). l ES :2311+311 11·as. ho11·ewr. df"lt•f·t<'d IJ.v \Vhipplr 

t·ollnhuralioll a~ lh<' lhu·rl f'XIragaladil' ~ottJTP f'lll'Cf'L'd.inp, Lo :-. Irk :iOl (Cata11esc t ,11. 

Hl!lX) . Tl11• I'YidPHr<' rn· <'llli.'>Riou from lES :23-11 :il·l comes mos th· li·om an appan·nt 

llan· llll J!)().-). wit it n 'iP,Itilk(lll('(' or 6 (T l'XCl':iS. This CUfi'PSJlOIIfl. tn abotlt the GO 'A of 

1 l11• C'rnh flnx. ll owpn·r. follcm· 11p ohM·rYation.-, Ulk<·n lwt\H'<'ll l!JO:i and .l!J!JG ~huii'L'd a 

In inter llnx. trl'l'-'I'Oilding to 10 'i( of til(' Crah \'.•l.nla . <til<! no signific-ant tlux ll'as ob~t·nnl 
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hf'tln'en l!J96 to !!JOT. imlie<>ling ilu• ""llrt'C' i' !Ji~hh· 1·arinl•l•· iu tltr· T,.\· f'll<' ri\~· hand . 

..l..lth •ugh no oinndlanron,<, t'<lltlp>~i!?,llS !Jan• I. (' II rnndm·l<·d '" J';u·, hc~t qn~lih· dat>~ 

in the .'\-ray h;utd \\'('J'(' <>htaillrd wr.l" l'l'C('JJtl,l' h~· ar flpoS. \.Y uh~I'I'I';tl ion' ( Gini111Jli t•l 

HI. l!J!J!J). Th('_,. dctrC'Ied a !lux ,·ariatinn uu '' tilnr snli<' ~-' ~hort "' S J day. Thr .\-rn.1 

p!Joto11 spect rum ll'aR II'Pll repn·scnl<'d h_,. a po1wr lall' l'or111 . with photon indt•x raugt•d 

l'rou1 l. lo 2.3. 

2.5 Effects by the DIRB 

There exi:,l I!l3Ls whose lllnltil"utd propertif'R an' l'lTY s imilar to I !to~<' of Te\· hlnzar~ . 

but which arc not dctr·dt>d at TP\. enc- rf!,i('ti yet. ll shmtld lw nntt'd th<JI four Tc\· hla 7,r~ 

detedr·d at pr<'S nl Hr<' all lo11--1wbhifl BL Lar· objt•('[s. lu f<H't. :-. Irk ~21 i' thf' cloM•sl 

13L lac objf'cls e1·cr kn(Jwn. Thiti 1mturally suggest5 I bat lhl' d<'l<'<' l ~bilit~· at ' l't·\· <' 11 -

rrg_,. baud mny be tl<'prud ~ nl CJJJ tltr di~taurc lo lhr sonn·c·. \ Jnuy aullwr. poiulf'd out 

that T \ ';·- rays fr m Ill<• hi~h- rcdshift 50I IITC. ;u·t· probably <Jhf.urh<·d by the inlt·ra•·tion 

1dth exlragalar-tic clifl'n.(' infran•d hack rouucl (DTHI3: c.f!, .. Si<Tk<'l' "' a!. lfl!J2). Tili' 

inlcrprNation is l'l'ry lik"Jy. howewr. 1Uai1t diflkult.'· is thol ilu• flux t>f tl~t• DlH13 l.J"s 

no I been dPtermiuP l expcrimcntaiJ~· due lu large ,y;t malic <'ITt> I '~ dt in·u ),_,. !oral ffl'cls 

(Fig1u·<· 2.12). Some author' saggf'St that the Te \ · eJJergy spf'dntlll of blnz".r' <·au lw 

l' iable to df'ri1·e the uppC'r limit ou DIRI3. hul this ~till U1Yoh·•·s Jarg<· ~~·,i('llta l i<· Prrors in 

tile cslimatiou (e.g .. Funk t·t ;11. l9!J8: Figun• 2.12). 

ThuR riiP err~cls tlf D!RB (Ill the phoi OII Sj)('dra of Tc•\ ' ('lllitting ltlatars is 110\\' ~I ill 

under dclJat<:. \\'r show oue example prPscntecl by Sl('f'kf'l' <'l nl. ( 1908) in Fif\tlr<' 2.13. 

.-\ccording to lltcir n10rlcl. optical d('pth for Tc\'-lH nhsorptio11 iR l< ·Rs tila11 n ui t.v lt<'low 

10 Tc\' ror :-.J1·k -121 aml :-. Irk :iOl. bolh at redshirt of~ 0.03. This iudit·atf'h that 11 o 

siguificam c·urvatnrc would IJ<' llJlj)PaT<'Ut ill ill<' Te \ ' -1 ray ~prdnt obtained witl.J gnmnd­

ba~ed Cltcn:nkcll' lclescopl'i>. 1-lowc·n·r. tltf' iutriiJ~>ic sp<••·tra of thr·~t· M>l iH'< ·s should lw 

harder by amonuts of~ 0.2.) to 0. -J.j in lh<' sp clral index (ill tllf• J to 10 TP\- rang<•). 

with <Ut intt>rgalacli•· ab;orption cutoff aho1· 20 TeY. 

ln this thesis. 11·c prrw C'd unrl r I he a~untplinn that lit<· pflf-cr of a l>sorptio1J by DIHJ3 

iR m•gligibly Sill all fur all T<•\ ' blazars. Tlti. approximal iou i~ probabl_,. valid ICJr IVhipJ>Ir 

ob:-.(•n·ations uf \ Irk ~21 aud \Irk .:JOJ (~ ~ 0.03). beqnsc tlw < •m·rg~· tltr<,shold ,,f tit<· 

dcle('tor .is 0.3.j Te\ ' <1nd tll u~t nf tltr> pbotous ar<• rl<·t dr·d h low 1 TrY (Pig11 n · 2.13). 

Ho\Yevcr, fnr t ht> 111ost rlistaut TP \ . hlct zar Pl\S 2l,j:i- 30 J (z = (J.ll i). optiral df·ptlt lw­

r·ome ~ 1 al 1 '1'<·\ · (F igurf' 2.13). whi h may lea<ll0 an nJJd(•reslim~llion of ab~nlu1c• T<· \ · 

fiiLX ~~~ · raclnr ~2. allougb this i. »ti ll consistPnlwilltiJ1 till' tllt'~ SIII'f' lllt·ut <'ITor (C'hadwi,·k 
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,., al. IG!J!J]. 

\\'1, ,1Js0 nok 1 hat. 1·wu if ahbnrpt iton h.\· DlRB i~; mort> important I han t lw e~t imat iou 

· 1 St k ... 1 •tl ( inn ) rc/rdil'( alt1J)litmlr or variatiNI in tlw T1·\ · flnx is tlOI gl\'~Jl l\• ... P(' (•J .--- t . :.;:.; · 

11 tr1 .,. 1 N!llnl~sh DIIU1 ii BPif i~ Yi\ri>tblr in tinlf'. Tltn& the ~tud.Y of int('J"·hand cnrrdtllion 

bl'h\'Pt'n .'(.ra~· and T1·\· --rays elf'. rrihPd in ~ !J is not afl'rrtcd by lite DIRD absorption. 

Fip,un" 2.12: Lut·rb'Y dt..·n ::.lty of tht· DIRD. Sulid li11 c ami tlaslu·rlliut· : rlt<·OtTriod lltoc.h·b for Dlflll~ . 

Doll t·d JiuC" : IIPJHT liwit fnm1 t1H· Tt•\F l'lll'rgy S)Jl'l'll'<l of i\ lrk 50 1. T"igurC' from Funk. Cl a) ( J~OS ) . 

a .. s e 1 1 o' ' ' 
GAMMA RAY ENERGY (TeV) 

Fi,gun• 2.1:3: OptinU dt•pth ,.~ ('U('I'~'· for ·· ruy~ oril!,ina.tillj.!, <-II \ariuu~ n:dsltifh. Fi~urt fr0111 Stt:t·k('l' 

l ' l ;o) (1~98) . 

Chapter 3 

Emission Mechanism of Blazars 

3.1 Energy Gain Processes 

In this .·edion, a sim ple tlt<"ory f(Jr particle ltn·t'it' r;tt ion a t a ~hock fn11tl i" iul rnducc·d as n 

))()~bible CliNgY gaiu proc- 1-S of l'l('l·frons iu bl;tzar jl'l~. Tit(' following I n ';ltlll ltl or tl'rllli 

arTel~ration is based on G;1 iss• r (1990) and Protht·n1(' (lOOG) . .\ !orr d!'taikd and rif40l"(•U ~ 

m·ah!1E'nl" arc gin•n in the lit era ture (C'.g., Olanford .\.: [i ·!tier J 081). 

3.1.1 2nd order Fermi Acceleration 

.-\ .. ume that titer<.' a rc magw·tiz<'ll douds mm·ing wilh sprNI1 " (ri 'ttr<' 3.1 ). A ,·hnrg.·d 

particle t'I tters the rlollfl aut! ~raltrrs off irr,•gularitirs in tlJC ntagnclic field wlti<'h is ti C'd 

to the clone!. in lhc frame 1'01110\'iug \\·i th cloud. thC'rP i ~ uo ch<tngt• in cuc•rg:\· of tl11 • 

part ic-le bPcaust• tlH' snl tt ei·iug is ro lli siCHl]C'~~. ltow<'wr. tlw dirccfilln nf tlw partit !C' is 

randonliz<'cl by I he sta tl••ring willt clouds in a randont dircdiou. \\ '(' c-nnsidrr a !'!tnrgt •d 

particle entering a c loud " ·itlt energy £ 1. motttl·nt 11111 p 1, moving iiJ a direct iou () 1 rP!atcd 

to the cloud's dirrrtion .. -\f'tN !'<cal tcring has occnred, it rttH·rgC's with E2. Jl!tll!l (' ntuJII 

P1- in a direction lit relati,.,, Lt> c·ir"'d·s clirrt·t ion . D.\' applying Lon' ntz tnUl. rom till ious 

bt>Jwcrn thr oh&t:"r\'cr's li·1utw ( unpriwecl ) and t!.r cloud fr:lll)<' (priHl<' d) , \ \"> ohtaiu tllr 

fractional PllC'rp,y <'ha ug<' in partir· if' ••m·rg_\· ( E2 -£1 )/ £ 1. 

~E 

E (.3. 1) 

whrr(' J = 1/c. 'inef' pnriiel<•s aud cloud. uwvt> raurlol!ll .\· iu rlin•dirm. m···rngt• nlluf's or 

cos01 <tnd osO~ arc iHtpurlaut. l u~idf' th<' .-loud. till' din· ·tiou ,, r ll11' charg~d partidt· "'ill 

lw completely mndo1nin·d In· multiple scattc·ring~. suc-h thnt <(·oi:ii~> = 0. Tlw 11\'nng<' 

vn]up or ·osf/ 1 d"pentb ou llH' rate or colli~iou. 1\'liicit is proporl i01mltc• tlw rr·httiw• \"cl wily 

21 
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J,1.t 1w 1.11 (]w rlond anrl parlirlf'. Thus prob•1bility JlN nnit ~o lid mtgi<• of haYing a r·ollisil>ll 

at Hllglr• 1) 1 is propon ion~! I o 1'- \ -<'<>hfl 1. whPn' !' ( ~ r·) is l h(' wlo('itY of part ick. \\'e 

r;iv ing 

J 
3 

(3.2) 

(3.3) 

Tili~ n·snlt siHIII'" thr pnrtidt• gninh en1•rg_1· frm11 till' rlond. but tltr awmge gain is smnll 

bt•c'<IIN' i «: 1 iu ordinan· rases. 

v 

Figur<• 3.1: Sdtclllatic viPw of 2nd ord<•r F•·rmi Arc<·kratiou. 

3.1.2 1st order Ferm.i Accelera tion 

~Jon· c· ll'irit·nt ;wcrkrat i<'n ( l st ordt>r in ,J) can take p]a('r \\"h<·n a shod' propagat cs t il rough 

filf• pJaSillil , and !'hargcd JWr li<'it'R CI'OB~ lhP shock frnn( if rati1·eJy Jj·uul dOWIISll'l'illl1 fO 

npstn•an1, aud llpstrc·am to do\\·nstream. This sit uation i" c.~p~ l<:'d iu llHl!l\' ;\st rophYsi­

•·al situations. suc·il <t.s Sll]Wrnnl·a c·xplm,ion in t il t• intf'l'stcllar 111Pdiuu1 or rl'lati,·isti jr1s 

""sociat<·d 11ith ••xtmgalaetir· andj,>r galactic sources .. ·\ ~chc•matic· ,-ie\1· of a<Teif;'ralinn 

at ~hu('k front i~ ~il'eJI in figurr 3.2. In this cas<'. the ]Jrohability p<·r uuit .olid cmglc of 

ha,·iul\ a rnJJi,inn <tl anl\1<' (1 1 i:; pruportiou;d to co~f/ 1 . ll'itile til· probabilit.'· is proportional 

to !'Psll~ >tftt•r the ;.~·atl<'rin)!.. Tilns IH' obtain <cosll1> = -2/3 and <cosO~>= 2/3. ln 

thi,. niM'. Ill<' lind~ from <'qnati<>ll (3.1) 

(:3.1) 

ll'hl'l't' 1, is 1 ill' ;.ilo<·k ,-,.Juci'-1', R = '" J u1 is I !11• rumpr<'sRi<~n rat in. 11 1 = 1 ~ ami 11 1 ar(' t hr· 

llpstrP;uu aud <iHII'II~->1 n·;un ,-pJoritirs in tl11· rrht fr;.Jme of tlJP shock. Fnr a strong shnck in 
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;llllOJIO-f\IOmi<: gas (r·.p; .. fully iuui7<'d pllblll<l), n, = I is I'Xjli'l'il·d fww Raukilll'-lln~olllol 

rda1iuu. 

Shock Front 
downstream 

(1-1/R)Vs -

upstream 

Figure 3.2: S ·JwtHatic vi~w (1f h:t order F(·nui Accd<•ratiuu. 

3.1.3 Acceleration Rate 

A net flo11· of I It cncrgrtic JlMli<·li"S. ll'ilith ru·c esca pin l', from thl' shuck frout. is calculai<'d 

"'h<w ""'is thc- numbt>r d c n~it y of pnrlidcs at tur• shodc In lh<· npstrr•a111 of the• shock, 

a charg<'d p;u·tiele n1m·ing a t speed t' at angl<.> fJ to th<• shork uorm;d (in lhP obs<·rvr•r\ 

frarut' ) approaches tlw ~hock ll'ith sp •('d \ :+c<'osfl iu tlw ,hoc·k fm111r·. Tc> cross lhc· 1>luwk. 

co,O > - \ ;jt• is rcquirrd. Tiluh Ll1 e rat at wltidt part ide·~ <'ross tlw sltork t'rnw 11 pstn·a111 

to dOinll'lrPam is .. alcu lated a~slllning isotropil' distributions of JWrtid"s 

(:3.G) 

\\'1 • ohlain lh t> pwh;tbi li ty Jf no~sing the ~~m~k front oll<"l' all< I t hrn f'l>C'apiHg front 1 h" 

nr.-elc·ration proc·es.~ as the ratio of tlw::.r· t\\'O r11IP&, 

P I ( 
l'io,_, .J 1; 

ro > c·scupc) = -- = --. 
t·r;m,..3 /? t' 

(3.1) 

ll1· ddiuing tlw lilll<' ln·rl• for one· r·owpl<-t<' (T lc·. i.r· .. froJn no,sing I he silr,c·k from 

ups ri"<UH to downstr<'am. diff'nsing bark townrds ti.JP s!tnc·k a11d r·ros.,iug from downslt'<'iliiJ 
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to 11 pstr<'~lt1. with r-Ht'P..'' ~~~ill <:::.E>, "'P cnn dP!itH' tlH' (I(T~kration ralP a11d l'~t·ape nue 

pr•r shuck <To><'iittl', a:-. 
I r!E < :::.E > 

l'oco = Edt = --£--I n·d; 
Prob( c•sta p~) 4 I ~ 1 

f - ,...... ----
··<<- l ,)'tC - R r lc,.,.,,; 

('ntnloitwd t hi& with !'<p tal it lit ( 3.cJ ). <Jill' obtain~ the rclal ion 

,.(~( ,....,.._3_ 
,."" - R- 1· 

:\utr· that fm a 'troup, shod' case (R = -l), lh(' (IWJ rat es arC' c·qnal. 

3.1.4. Diffusion Coefficient 

(3.8) 

(3.9) 

(:3.10) 

' llw t'.l'f'h• tiutr· ft•r tlw HL'<'<'leralion JJrO('<'SS dt>pt'Htls 011 parlidP ditl'nsion. as 11·cll a:-. lht· 

~l11wk \'l•lucity. \\'l' first c·oJI:-.idt·r th<' dilt'u~inll in lhE• d011'1tsl rPam dirr·c tion. Tltt' l.llJieal 

rlislit tll '(' of a partidt• tlill'n,inn i11 I imc I i& gii'CII <lR /T0!. 11·h~rl' /.-1 is tl11· difl\t~iou wc•flicic•Jil 

in l h<· d01ntsl rr·au1 rl'flinu. TllC' distattt't' <lth'<'< 'l('d in this til tH' is simp]~- u-11. 11' /T0J ~ 
"l'· it i~ n-ry probable that I]H• part ide ll'ill rt•lurn l<• lb0 &hock. but if N « 1111. lltr· 

particl" ll'ill nt'l't'r coniC' back. Dy ~ol'l tiug /[if= u11. II'C obtain tltt' bou11dar1' cli~tancr· 

rl = J.-l/11 2 f'rot11 tltl' 'bnck fro11l i11 l]l(' dmm~ln·am rlirrction. when· inside of tlti~. the 

partirll' ll'ill rfl't•ctil·d_y r turn t<• li.Jc ~hnc-k ti·onl. Tlwrc exist "cpk1/u 2 pmtidt•b per unit 

an•n. ill' I wN·tt llt<' ' lt ol'k !'rout 11ncl l his honndar_,-. Di,·icling tltis h~- lite rat ie> l'cro~• · one· 

lind' the· aw·rap,t' tinlr' spPtll rlmntbtrram bdc.n·(' rPI nrning to the shock 

(:1.11) 

Si111iltltT, l!tP ot lwr half of the· cydt• after till' pert ide has cros,rd tit(' ~]Jock from 

dowtt,lrc;un lonpstn·am is Nt. il1· obtained. In thi ' CtlHr'. one can define a bonmlm-~· ;U a 

di"'atH'I' /.- 1/11 1 npsl rC'alll of the 'hock. kadinp, to 

(3.12) 

Thuh lht· total t·_n·lc• litJI(' lr.·de· he accdr·ration t'<lt<' r,wc. and tit•• a<Tcleration litn~ 

/,,..- (:= tjr,.,..) ar · n•stH•ciin·h· 

(3. 13) 

(3.1-1) 
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3.1.5 Energy Spectrum 

.hsttJ1tl' that lhr dill'ttbion c·oelficil'td~ Hpsl tT<llll nnd duiYII~t tWttll ltm ,, tltt• Stltlll' pmwr 

lnw dept•tHlc·ucc ~ on (' tl!'l'!l,,l'. i.e .. 

(3. lG) 

tltPn tlte <ttl'elC'mlioJl rate ~'ace and tlw c. capt• nne ,.,.,. .. t~bo lt lll't• a poiiT·r lnw depPndt•nct • 

('('(' t•qnaliOJt (3.10 ) and (3.14 )). 

(3. 17) 

Itt tlH' f<11lowinp,, II'(' ronsidr·r thr c-ase oi' ,· •ttor·t'tt" Jn••.-t'," tlttn 1 ]' (' 1· ( o \M' .. ., \. n nH ta n·r· rot' mg t'k.g .. 

sYnchrotron coolittg) or any mllf'r prot·c•;.,c·~- \\ 'e ddine tlw ;wrr·h·m tiott /eKcap<' ratr 

0.18) 

l'es1· = r·E -t . (3.lD) 

where' fl :lllcl care constants. From equation (3.8) . tlw parliclr• c·ttNg-'· :ll litn<' 1 i~ tl<'l<'!'­

mittf'd frolll a dilknml ia l C'ttual ion 

(:3.20) 

E(t) = (E& +cot)'f<, 

when• Eo is the partidC' cnc•rgy Ill li.tJJC' 1=0. The tmtnht•t of p;trt irlo•s t'l'tnaittit 1 , inside' 

the &hock fre>tH nt litllC' I aftc•r inj tlion is eaklultdrd IJ,- soh·i111\ 

rl.\'f r/1 = -.V(t)r<"'r = -.\' (l )cE( I ) (3.22) 

Tlw solution of litis equation is 

13.23) 

Sinc·t•.\'o- .\'(1) partirlrs ha\'C' &f'ap<'cl fi·om the shock front before• tiw<· l.h:tdngPil<'rl\i<'~ 

b~t11·eeu Eo and £(I). thr difl'ereulial f'nerg_,. spc·cl rum of pari id<·s which lt>n-e psr·apPd 

front l hl' shock front is gii'C•n ab 

(Eo< E < £(1)) (.3.2~ ) 

wllC're :> = (1 + cfo) is lltr· clilf'Pn·nliill S]Jcdr~tl iudex. lt sltou lrl hr noll'd !!tat for lltP 

s trong sl tock case ( •·"'' = ~'•crl- one obtains the blandn.td resttlt f'nr !>hllck acrelt·ntlicnt. _, 

= 2. 
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3.2 Energy Loss Processes 

\\']1ilf' 1!1<' Pl•·rtrou~ ):\a in <·IH'rg~· from the ,ho~k. t !J,._,. 11iso ~uff<'r from 1uauy ki.JHI of <'IH'l'!',."· 

''"~ )lJ'O('I'SSf'S, B<'l'<liiS or thr n•ry ll'i<l<· ('li\'I'P,)' clintribution of clcr trous an d the difl'en·nt 

"'' lH'ttd< 'llf'<' "" <'III'I'!I.Y r.r· f'arh \'ttolinp, pro\'<'ss. it is i111purtanl lo disrnss "·!tidt prncess 

''"Ob ,.,,.,., rous tll<•r\' <•fl'r•l't iY<•l.l·. \\ ·,, first considc·r four roc,lillg p.rotcsst•. · ( I) >.ntrhrntrou 

•·ooli11g. (2) iiii'<'I"S<' CmupiOit s('attrriug. (3) Colllr11nb los,;<·s, >tlld (-1} br<·ntsstrahhtJtg. ln 

th" follo11·iug. wr l'l'nln~t<' the eucrg_1· lus.~<'S b(~ ). for a siuglr <·1<-c-tron. 

fligh <'111'1'1\.'' elt·<·lrwts iu a magu<•tir li<'l<l c•mit s_l·urhrolron radiation (e .g .. 1\y!ticki il.: 

LighttWllJ ( L!JI9): sr·e also C'qnation ( 3.31)) 

-Jrri ,.:?Cu . -!1 'l 'l 
b • .- 11, = - .-- = l.2Q X[() D I 

3lli,C 
(3.20) 

wh<•rr l ·B is lht• <•m•rg~· il<'llsity iu the 111agn •t it tif'ld aud rr 1 is the ThomS(lll noss St'CI ion. 

Siulilm·h·. tlw iuwr"' Contptou tooling rate bw is gi1· n by (e.g .. lhbicki ,\; Lightman 

ID70: :, '<' "!so rq I !<I I ion ( 3.-17)) 

b 
·lrr 1 -,

2r·"" 
I('~ 

3111,r 
(:3.2G) 

,\Jwrr l ·"" is t h<' sort photon dru;,il-'· to be up scatkn•<.L 

Tlu· r<'latil·i~ti,. d<'c!rons will abo los<· lht·ir rll(·rp,,l· !,:~· intPnKtions with l[J(• tlwrmal 

pln~JIJ<t. Til(' milomh lossrs due to collisions with chargC'd panid<'s giH• a loss ratt• which 

is i!pprn;(illlilll'ly (c•.p; .. R!'phaJ·!i 1970). 

. _ 12 ln(-dn,) 
V( 'oul ~ 1.2 X 10 11, [1.0 + ------] 

(o) 
(3.27) 

IYh<'l'<' 11, is thl' th('l'lllill viPdron <.1<-nsily in th. · plasiJJa. 

'111<' :-anu• <'t>llisious beJII"f'Pll hip;h enrrgy <'lrt·l rono and tlwrnw.J particles >1lso pro­

ducr radiaJir•n thor<m •It brrmsslrahlun •. The I 1SH rat(' dnC' to bremsstraldnng is giwn 

apprpximalPh- (''-!\ .. !JhlnJPntal ~ Gould 1070) 

(3.2 ) 

\\.I'H"Uilll'll ~ 0.1 1.0 G fora hl;mu·j<•l. L'plt isr•stimntNI rongW-'· fi·on1 the luminosit1· 

iu lhv "liJJ't· • l'ralll('. L ~ 10 10 101:! rrf!./to (P.g .. [\Jtho •"t a!. 109 ). Assuming the soHJTr 

r;alius R ~ I 011 ' c·nt. 1n• obi ni n l'pt. ~ I o- 1 - I() 1 <·rg/nn'I .-\It houglt 1 h(' t henn<tl el ctron 

ch·n~ity ill t]J(' b];JI;tl jt•l is ('OIIl)lJ\•t]l· llllkllOI\'11, \\'(' d10osr 11, ~ J0- :1-] C'lll :J. 1\"hich is 

appropriall' for a t.I'Jlirnl intraclublf'r mrdin1n ;Jud/or su pl•rnont TPllntaul, . 

Tht• rc·~ults HI'<' MllllllJal'iLrd in Fip,tin' 3.3. ()II(· find~ ou]_,. two oolinp, prO('('SSl'~. 

~~·uchn> lr<>ll 1·nnlin' :uul inn·rsc• C\>Jnloll sl'i\lll'riu)l, f'<lll l'fi'<·r·t i1·r·ly inflnc·tKc 1 h(' ronJing 

-
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tolD 

105 
..'!. 

* lOO 
! 

~ to- 5 

~ 

i to- tO 

to- ts 
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e.lec:troo. Lorentz factor : loa 7 

Figure 3.3: Em·r~y lo"s mtr• b(')') fro111 "sin~f,• el<'rtrnu, 

of lite high-c·nergy t-lr-ctrons. It sltonld he noted that tlu• n·sult is "~sr·tJti;Jll.l· flu· scum· 

for ru1_1· ntiucs r,f' D. n, and L'pJ, which ;Hr· ~ppropriatc• for bla7:H>-. r\l~o uole Ji 1at tile• 

n·duction of eros~ ~f'Ction in tlw [\kiu-'-l ishin a n·gimP ".<>nit! rc•dtll'<' th(' l>iguitic<~un· nl' 

iu1·er. C' Comptou loHseJ< at the• hi~h l'ncrg-'· eud (I 2: 10': ~rE·. Fignrr• 3. ). hn1 lli (lt i1 

is still more imporla11t than Coulondt nne! brcm~strahluug. Thun wr· rondndP t!1at th<' 

syn<·lirolron radiation and tlw i111·crM' Cnmj)lon sc~lt<•Jiu <11'<' tlw dolllimJnt ('Jl<'rp,y ] 0,~ 

m<•chnlliSJllS to he furtlJr•r inn•stignted. 

3 .3 Synchrotron Radiation 

\\'e firs t I'Onsid('J' S.\'nchrotron radiatiou pro<'t's~. Th<'I'C' <•x.isl IIIIJUProns arlir·lt•fo a 11d w­

l'il'\\'S which ktn~ ln·atr•d this pro .. r. sin detail (<".p, .. BlnJJt<'ll l hal~ Gould 1970: Ryl,il'i'i 

il.: Lightmau IDID). H<·rr· >t'P HJC>rdy c·r,l!erl the formulat• ll'bich will])(' liS('(] iu n11r <"HI­

CHlationA. \\'c·· also de~rribl' lhr· df'tails !i.11 thc- ~.1·w·!Jmlrr>u <'nlif..,ion froJll a !Jomop,1·neo!ls 

M"l1~ab5orbl'd (i. e .. oplintlly tlcit·k) soun'<' in ~ JJ n11d ,\]JjWHdix l. 

3.3.1 Emission from a Single Electron 

.-\ r<'lativistiC' C' lf'<·tron in <1 lll:t~llrliC' fi<•ld D ll'ill rar!iafP f:tirly lmmd r' utissinu wit!1 a tnt a! 

<'111it led poll"f'l" pr-r l'reqlll"li('_l'. 

(:3.20) 
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wJ.""', ~uri 111 , ~rP thr• dHugr nnd nta.'>f> of au f']c>c-twtt. rr·~pN·tin'l.L ' b IJw Lon•ntz 

factor 1,f tit<' d 1...tron. nud " is till' anglt• b~III'Pc n t!IC' magll<•tic fil'ld and t br c·kr trun 

wlocit1·. F (.r) i' d•·finc•d <IS 

(3.30 ) 

ll'lir-rr· ·" ·;1,( .r) is till' t1 todilir-d Oc·sRel function~ (lf iJ/3 ord t• r. ,;r i!> th t· C'ritical frcqnenr~· 

g)\'t• JI ns 

.....;( = (3.31) 

02 

.... 

\\ '"~ ! toll' thl' fund ion F (.r) in Figur 3.-J. Si n · F (.t) peaks nt .r ~ 0.2!J, lh <' J)<'a k 

fn•qut'lll".l' (If tit~ sy ndtwlrou (•Hi i~hion by an Pif' l'lron with Lorcutz facto r 1 is ·xprPssed 

(3.32) 

Stn til nr.Y. tlw :-,nwhrotron freqttr·ur'_l' CII'C1'1lf}('(/ OI'C'r tltc· sJX'l' traJ ~h ap<· for a n dcctron uf 

Lotl' nt z fal'lor 1 is 

(3.33) 

.\11 intt ·l'ration of t'qtwt inn (3.29) on•r tlt1• fn·cptcnrics )!. iWf> thr t·or,ling rat· of a ~in g l t· 

dt·i ·l tlltt h.1· 1111' sYnrltrotron radia tion 

... ,~ \'IH = (3.3-ll 

11 lt• •n· ( 11 ib tltt• tll<il\lll'l i•· liPid c·ncrf\_Y d.·n~ily and rr 1 i~ tIll' Thomson cro55 sec- t inn . 

-
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3.3.2 Emission Coefficient : J, 

\ext 11·e con1-idN l.lt \' ~nl('brotrou cmissi"n frutn det'trons. 11·ho"· nuutlJt'r cknsity jlt'r 1111it 

,·olumc p~ r unit rnt' l'i\.1' is dwraetNiu•d by.\',(-). Clt•rtrous rnup,t· frCJtll ~ ,,;, It• -"'"'. Tllf' 

.ynrhrotron emission r-o<'flk i<·nt j,(v) iN dnil'ed slrai i!,Lll'nnnwlly fro.111 rq 11 atinn (3.20). 

JJot iup, l"ltal ..J = 2 7itl. \\ 'p lind t!tr lo t<\l entilt ed PI"''<'!' pt·r unit 1·olnnw. 

Ptut (t!) = ['""" P (u.·).\',(i)d·. 
' / nul• 

For a distribulinu of raw lom ly oriPuled em itl t· r~. '"''nut writ <· 

Tlms we tiua l.ly obtain 

whC'rf' r1 iillcl c2 arC',. ustant s 

3r 
Ct=---. 

-171' 111, (' 

(3.:\.", ) 

(3.3G) 

(3.:17) 

(3.:l ) 

\\'e show <'X>llllples of j,, in Figure 3.3, for 1 hC' tnagu<-ti..: fi •I t! ~trt'ugt h of O.U l 1.0 G . \\ 't· 

<L~snnw a pom•r law form for the elC'rtron pup11lalion . .\' (-1 ) = .\'111 ·2 ( l <'j< IO~). 'iotc· 

that, at most I he freqHCIWif'~ . j,, is distributed a&" pt >ll't'r IH\1', j,, 11-P. 1\'h ··n• p = 0.-

.. H.1·bicki & Ligltl man 1010). 

... 
~ 

to- 3 

f 
to- e 

~ 
~ 

to-• 

j 10- 12 

to- t !> 

"' ... ... tote 
fnQu•nc:r- "' (Ha) 

FigurP 3.3: Em.i s~iou etJI•f-lil'i •11Jf },1 of I he ~yur·l.trotrou radial it•U fur ;.\ powf'r law f'}Pd.rull pop11-

lation; N("f) = Nu-r-'!. (1<7< l0'). 
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3.3.3 Absorption Coefficient : a-,, 

c;
1
-1whrot 1011 rtui:-;.~i''" i. at"<"OllJpnnied lw absorption. in which a pholnn iul l'rad s with 

1111 l'l"'''""" gi,·ing np it s rnrrg_Y. ln a daso-irnl ,rJwmr of f'i<'ctrodywunic-R. ll'h I'(' th£• 

,J,~orlH·d phot on <'lll'rl\.1' b tnnc-.h small<·r t!tnn !hat of tlw I']N·trous. OJll' findA a simpl t• 

f01 llttt!a fm t hi' s<'if-niJsopl ion nwflir icnl . \\'1' oht a in 

I ~-..... , ., i) (.\'c(·y)j 
n, .(v) = ---.-,- r!JF(•'. "1 ) / · i)· ~. 

8irt'~ 11ft · lu11 11 I I 

(3.3!l) 

131' n·pla.-inp, P(l'. 1) with l'(jll aliun (3.2!l). 0111' finds 

_ r,JJ ~-, .. _ ... ,.2.!!__[.\', (/)] F(-"-) 
n,,(ll)---.,- "·· o- -~ - [J-2' 

II- . Afllllll f I ( l I 
(3.-10) 

,f3,a 
(':t = 1iff)~( ·'l. · 

Fig• 11·,. 3.G , !toll'S ~'Xi111lplc·s <•f Cl, •. for the f.;tnW popnlalioll of t'lcc-lrons 11·ith Figure 3.3. 

:--Jote that o , is s tro11 gl_1· dcpcndl'ni on Clll'rgy. s11c-h that n , ,,-:~_ 

,. 

" 
to-s 

"! 

E to- to 

:?. 
~ 

to- 1 ~ 

to- 20 

to- 25 

to- 30 ,. ,. totz tot" .... to2-t 

l'rflquane)': 11 (1111) 

Fi >t11'(' 3.G: AI >SOq Hintt ('tl f'flirieut O: tl nr tL.<· syucllrotrnu rac lia.t.iou fur a j.UIWPr law p(r-·tnHl 

populat iu11; N(-y) = Nu1 - 1 ( l<r<lll~}. 

3.4 Inverse Compton Radiation 

J 11 t hb M••·t i< "'· W<' tir'' <'Oili>idr>r I hC' \'CJY ~i mt 1!P 1·asr• 11 ht>r<' a so ft photon i. &c·at ll'r<'< I h~· H 

rrlalinslic dc·<·trou. 'JPxi IH' calrulatt- thr im·c• rs<• Cuntpluu spectnlltl for arhitratT t.YJW 

of l'IN·tron populatimt ~ <llltl phown spN'I ra. \\'r• rmploy lit formula d •ri1·e<1 b1· .)on e~ 

( l!JG ). 11 htdt <i•·ab wit It I h<' inl"t ·n-r Coutplon pro('<'i>.' HJOre bophi~ ricatedly. incluclinf\ I h<' 

1\lc•in.:\bhinn rc•gime. 

-
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3.4.1 Scattering From a Single Electron 

\\. taTl from tht• ~cnttc•rit• f\ ,.,·ell! for a :-. i11p,lr t·ll'drou aHcl :1 sing!<' pltnton. which t~kc·s 

place ia tlH' TlHliUson l"L')!,illle. Cr•onwtriC's for im·,·r"<' Compton M'all<'tin • is l(iYl' n iu 

Figure 3.1. \\' rk11otr lhr• l' lrctroH C'H<'rg.~" 'i · suft pl to lon c' lll'l"/\_1" r0 anrl :-wn ll<·t· ·d pJ10ton 

c·twrg·y f. and l'Xpres.• lh<'m in uuit s of m,c1 (tin" tlwv ;ln' clillt< 'tt hionlr~s ,·a iul's). \\'<' 

ddin<' th£' parami'IC'rs \l'ilh print<' iu the n•sl fra tllf' of thr• ci!'dron. whik thl' pnr:1nwt 1·rs 

IYilhout prime ar<' rlt <tl itt liH' obsetYr·r·, frauw. FrPm lh<· Lon•nt z I r;m~funuation and 

kinl'matics of ComploH heal tering. we ltm·e 

(:3.-12} 

£ = r'"1 ( I + dco~H') . 

11·hcrP Oo <tJtd 0 ih thf• <utg!c•, lwtll'ecn li te dircctiou of motions of photon ' ami t · lr-ctro n ~ 

hrfon•/after lht-' sca tt·rring. rf'sprcrin,. ly. 'Tl11• ~('alt('ring i~ w<· ll ;t pproxi tn ~kd a~ i> C'i ng 

t•!ast ir in lite res t fi·Gmt· of <' if'('trous. su h t hal c~ ~ f. Tl11ts t hr '''"' rgies .. r r!r r plwton 

bd'ore &cattrriug, in thl' rrst frmnr of rhe (' lr t·lron , and ul'lcr ~cnlt••ring an• in t] 1c· rati 11s 

of 

c: 0 : f~ : f ~ 1 : J : f "1, (3. 4-1 ) 

ll'lri('h i111plies a low-etwrg.1· photon ll'ili bl' scM t rrd up to higlr<• r ''n•·rt-'..Y h1· a faetor of 

ordl'r 2 . 

x' 

K' K 

Figllre 3.7: G1·uuwtril!S for iuv<·r~r· ~owptou twat.!Priug ill til(' elf't.'ll'un l'f•t>t frarue }( (lf .. f'l) aml 

Lt11• vbs~l'V<'r·s fnuuc /I' (rigid ). 
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:\r·xf \\"!' riPrh·r· fommlaP r .. r I hi'("<!'-!' of <Ul i:,ot ropir di~l ribnrious of photou~ Real t •rill& 

ull" ,111 i~otrnpir· rhstniJlllirm;,. of eler-twus. Tllis can i>f· <loll(' J,_,. an·raging ••quatiun (3.-12) 

1111 .t (:3.JJ) n1·r·r ;111p,lr·;.. TIIP lot;ll pmwr <"'lllitll'd (sntll<'rNI) from the '' l••drons i, 

dE . ! 2 "(1 l J")L. _ = f"fT 1 - 2 < (I - .1eos(l) > c11 11( fp)rffo = I"IT I / + -
3 

pJ, 
i/( I · • 

(3.-10) 

Wlll"l"C" /l(to) is tlil" llll!llhr·r df•lJJ>ily of photous ]JL"r ('tll'f!\}" intl'l"l·a] and ["t>h IS l l1r soft 

p!10ton r•twrg\' dr·nsity which is caleulatc•d frolll 

(3.IG) 

TilliS thr nl'l powr·r lo;l by illJ ,!<·rlrnn. bui>traclin& ll1c· rate ofdr·nc•asc of thP tCilal initial 

,on plwt on enr•rp,_1· crr 1 L"""' i> 
-lrr 1 "

2 L.pto 
··w = 3m,r 

(3.-Ir) 

IJy ,-0u 1 p;~riup, thb willt equatinu (3.:.1-1). wr oblain ru r WC'll-kn0\1'11 r<:'lntion hC"lW<:cll thr 

~'ll<'rl'..'' los~ rnl<• or t·h·lr >liS anrl cn('rf\-'. d<'nsily of photons/111ag11etit licld a'> 

1~ynt· [ ,;IJ 

··ic- L'ph 
(3.-l ) 

:\'otr·. ho11·r·1·t·r. I hnl this rf'lnrioll oul,- holds II'IH'n thr bCnllering take~ placr iu ill(' Tho111-

suu r<·gimc. iu whi,·!. ~'" << l. 

3.4.2 Inverse Compton Spectrum 

ro olo·ril·<· tile· inn·r~r 'umptou "twdnnn for Hrl,itr<ll"\' di~lrihutious of ckr-lrons and soft 

plto101". wr• in I rod nr-c• lltr l'omllllaf• rlrriYrol by .Jonrs (HJG8 ). II is accurate iH al.l soft 

pholooH vnt·r~.l nou •c ·~< for l>Lllh Thomson and l ~lf'in-\Ji~hilW r<'gitllC'~- M long as thr photon 

and <•lt·clroJI di~lriiJHtionR arc j,nlropic. n.Jl(l t!.r C'i<•ctrou~ arc nltra-rrlati1·ist ic (1 ~ 1). 

Tl"· clilkn•nl ial photon product ion r<II" In· i!l\'('l"S<' Compton ;.catt<'ring q( f) is 

(3.-l!J) 

\1 lwn· n(r.,) is til!' llll!lll)('r d!'U. ity or ~oft pholons per (•ncrp,.'· interYal, ami C(E./. fu) is 

llw Compton kr·m<'l of .lont•s ( I!JG?l) 

(3.:i0) 

IIIII'('(" 

1;=----
-lfu"('-f) 

(3 31) 

-
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r, is lh£' tlassical <'lt·•·tmn r<~dins. r, := :..< 2 liJ "' nn. For a "in•n , 11 and ' Ill<' 

iut!'graliou (3.1!)) c;ou ],c• twrfomwd nJlfl<·r tltt• rHII!!,i' for' 

'' u· Fo:S::€:S::·---, (:~ .. j2) 
1 + lru · 

frotH the kint'l11 ;1tirs uf •·lr·r·l run-plwton seal teriug. 

Thi~ production rnt<· If( f) i~ ,·om·r·nt•d to t• mi,siou co,.ftil"i<'ul ./,u l11· IIH' ro•lat inu 

·IC he ./,. = .j_IJ(f). 
" 

(3 .. )3) 

II'IJ<'H' lw = flll,r~ nucl h is til!' Planr-k c·oust aut. 

The <'tll'rg.'· los>- r~te pt·r ~>inglr· <'ll'ct ron 'ii 1• i11 t]H' Kl .. in-'lii~hilln r<'p,iuH· i, qnitP till 

ccrtaill. hl'caus<• ekct ron' do no1 los!' their <'IINI\Y n>nt iunonsly, hut ou],- ]),- a s i11gl<' 

ent"c>uuter with a ;.oft photon. E1·r·11 i11 thi' c-ase. 11'1.' '"'"' e~lilll<tl<' lh<' ;11·r·r:ogr• ("!I l]iu!', rHII' 

of t'lrctrun;. h,- ·onsideriu!', thP ··ucrf,':'' eotJ.'>t'LTat illu he! II"CI'Il <'kr·t rons a11d up-~t·all <'r<'d 

photons. from rquati<>H (3.-10 ). 11·c· find I he rdnti<>H . 

ThiH should coinc-ide with equation (3 .--17) i.n lht· Thontsotl litnit. Fig11n· 3.8 slwws th<> 

c-hange in tlt<' rat in. 1 ic/'\noc• dC'ri\'(•d li·om eq11n< iou (3.3 I) and (3 .• )-1) for \'i1rious <'ir·cl r<on 

Lorentz factors. \\'c assumrd the €·kdron populittio11 .\' (·,) (). • ".<Hid d1ang,<·d thr '""" 

from 101 to l01;_ :\ole- that for j,.,._, :S:: 10 1. rL.is ratio is \\'hal i;. <'X(WCt!'rl front thr• TltOII!son 

liJnit (i.<' .. <'quntion (3. 1 )). lntt ~ ic is strong]_,. ;.11ppn·~~Pd f<•r largc·r \'aiHf'5 f>f •1,.,.._, (·,.,,., 

~ 10"). 

3.5 Particle Escape and Adiabatic Expansion 

\\'e a.%11011' 'frC'sh · <'kcl rons an· injt'c-lcd eoulinnuusl_,. i11 I h!' 1 adial inp, wgio11. wit il<' 1 hPI' 

nul csc·a1w froru thb rr·giun allcr I he typiral tiuw :-;r·ah• I," ( i ) . . \f11•r Ill<· "~cape. pJr·d ro11s 

HO longer radialr•. Sn·h a sitn~tiol! is also expc!'!NI if t!.r· r·nl'r~y loss i>y tht• ndiabatir 

rxpaHsion limitb th' acrumH]alion of relatiri~tir PIP<·tnm& 11·ithiu thr· photuu l'tlliltiup, 

re~;inu. Siucr> thr lo11· ·ttrri\_Y <·lr·•t rr 11 do not c-uol r-rr,.r·t iv<'IY IJ\· l"'t I. ~yuc·hrot '''" all{] 

iu1· ·rsf' Cotuptnn l.os>rs. lhc 'teady slate will!)(• arhie1· db_,. thr IJalaun' oftlw Pscatw aud 

the injrr-tion rates. For elcdron' with highc•r r·urrgi<·~ (/ ~ ·.,.,.,,). lww!.'\'1'1. thP r~c-apC' is 

not import :nn hcr·nusr tlw !if<' rime 111" rlr•etrous In· radiati1·r ('()o]iul( uwy he utuch shorlf'r 

thau 1.,<(·. I. lu g<'II<'ral. p]pcfrous arc nmdonll_v moving ill lh<· ~utittinp, r<•l(irlll. so th;ot 

the typical tin1r> &<·;1..1~ of 1 . .,<- as ll'f•ll as its t>Jl(·r(I..Y <iPIH'lldr·ur· · an• r·ornpl~tt>ly nukno11·11. 

.\Jll10n?,h sonH·what ru·], itrary. lll<•r IS 'I g,ond ol>s<'tTalinualll·nsnu t<• lwli<'l'<' I hilt cbcapr·. 
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100 ~-----~------~---------, 

10- ' ,o"'o------,-'<oz,_------,o.I,-•---L-----106 
electron Lorentz factor: 7 

Fig11J"(• 3.8: Hal io of el{'t:l,ruu ~.-·ooliug rat.(~ by syucL,rotruu/ l uV{'l'!"l) Co 111 ptu u radi(Ltiu tl. 'vVf• 

"·""lUll<' Niyl =Nor·:! (l<r< '"'"-') .will'!"\' w•· >cl t i ll' IIOrumliz;ct iou. No= 10.0. Tl11• """IT<' 

radius is il.."'!-i llliU 'cl t.o IJ(' R = l0 11i rill aut! umgllf-' tic fiP id i~ n = 0.1 G. t.ypica.l V(\l ll ('~ for IJI <:LI'.a.r 

l' tllit'siou. As 1'm••x iu<TP~\.."'f'd fro111 10 1 tu LOh. iuvcr~c Cmnpt.ou con! in~ prtH.'f.'S:-> br·<·nutc=:- iw-Lticif•td 

d1111 to t II(• n:durt.inll vf <TOSS );Wction iu LIH' Kleiu-N i ·hiua regimf'. 

or. I'<JilinolPnll.l·. sudd<·n t•ncrl'.,l·lo"s b~· adiah~ti•· expnnsio11. should h<.' iutporl anl (P.g .. ~ 

10.2.(i). ln this llw~ is, ,,.,..will a&~umc the mnsl ~;impil' cas' ,,·here 1,.,, hm; no dcpemlcner· 

011 l'll<'r• .l' (a I'OUslaul nthw). \\'r fi<'C iu !i lO .G. I lila! le,,· C'Hll b1• e~ti111ated from tllt' 

illrJ I 0\'l'r fn• qltc' llC'~· ill th(• lllllill· ll·a l·e J en~f h Sj)!'t\ra Of iJ] aza rS. 11'1\l'r<• th (' C'OOJing Jil11 C 

anrl t'Rt'" l"' I iull' or <'kcl rou" arC' t•xpecled I hr I alan•·ed. 

3.6 Electron Kinetic Equation 

In tlti~ st•rt ioll . kill<'lir l'tJit Ht ion is iulrodHeNI to st ud_,. lh<.' charadNistic ,·ariaiJilili<'s in 

llw dtTI non/photon ~IH't 'l ra of bl:t7nrs. This approach is well kno11·11 as'' kak.1· box ll1od vl 

of 1111 • 1 n• pa,'alion of high t• n t' r!\~· t·o~ll lil'-ray t·l<-dnllls itt tilt• i11 tl- r-stf'llar medi1111t ((·.g .. 

l"n·dasiH·I· laG:?). 

Tht· tillll' ('\'ohtliou or liH' h.i •h·P1ll'rg_l·£'ipclron in till' lll<lgll('lic field illlll t it(' phnl(lll 

fi<·lt! is <i<-~<·J il11'd h_,. I Jt,. ft•llt>ll·iu J.!. l;inl' l i1· t•quat ion: 

D.\)·.1) 0 I . ( I \ (/.I) 
--),-=").:!I(·,. f) .\ , ~. f ) + Q( } .t) - --,_-) . 

(. (.. l l',._~- ' 
(:3 .. ):!) 

-
3.6. ELECTRO.\' l\1.\'ETIC EQL\'ff()X .u 

1dtC'I'l" !J( ). I ) r~pn·~rnts lltr arhilrnn· l,I'Jl<'5 of Plll'rgy los.' an<l/nr gain functions ti1r a 

siHgk eledrun. Q( ·.I) n·pn'f>eut~ till' iuj<'ct ion rntl' of llw ·fn·slt ' t' lt·ct mus. anr! 1,~,·(;) is 

Lue !'~capr timr of the <'krtrons. 

For ('Xillllplc. I hi· Juss rnud iou of S_l'lll'h n>tron ('OO!inl\ Jll'OI'('SS is gilt'll in I''Jllitlinu 

(3.34 ). 
.. --

and the loss function for illl'l'l'S<' Co1upro11 proct'~s is thai in t•quaticm (:3 .. ::..1) 

(3 . .:iGJ 

lf the scattering Jakr~ plal'l' in the Tht>n"on rr• im<', ill<' silltpl<•r Ptpta liun (3.-11) ( 1"l 

11·ould he applied. 

Tlw enrrgy gain b~· the <KC<'it·l'<l tioJJ pn>eC'ss i~ cxpn·ss.·cl h.1· I he ;u·<·Pit•r<tl ion rat,, 

r.cch ). 11·ltid1 i. tldiucd in cquatio11 (3.1 -1) 

(3.:!8) 

11·here f. is tlu> <'llCrg_1· drp<· nd ·uce of tltr d i lru~ion codlkit•nt on f'n rl\.1' (~<'<· . t•quali(lll 

(3.1G) ). 

The geHCral solntion r cqttalion (3 .. )-'i) for arhitnuy runr·tion ,q(r) wa~ first ~j\'(' ll h.l' 

.\ lakino (l !J!J8) .. viclding 

. g(X ) l' rll' . . J'' [1(/1., ) [., _ ,, rlt" ., 
.\ ,=--<'xp(- --.-.-, ).\ ,u(f1 )+ --1·xp(- --.-)(,1(1, .l')rll'. 

g(/) I! I ,.,,0{11 ) . o fl( I) . o I ,..,{11 " ) 

,, =- !~ . - . q( -,)' 

= -,(y), 

. j rh I\ =~(t- -' ). 
g(·,) 

·I I ! r/• r, =1(1-t- -). 
'lh) 

!\" =-( I -t'- t" - ! .!!1_ ). 
· f/ ( I) 

(3.0U) 

(3.GO) 

(:J.G I ) 

(:~.G2) 

(3.GI) 

Jn gl"ueraJ. bC('a USl' nf llll' high llOJI · [L!l< 'al'it.\' Of I he fJI'III 'f'SSt'S inn>fn·d. IJJf' lllliJll•rit,tJ 

approach is Jt eees.~a r .l·, i11 particular, whNt r!J<· im•Pr~<· Com ptllll srat !C·lillg llJN,I' otTUr Ill 

lite Klein-\'ishi11a n·gillt(• . \\'p wi ll disc·lt.«s thi~ llJOr<:' in It 11. 
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3.7 R elativistic B eaming in Blazar Jets 

Asslllltr' i1111t t lt r•rc• is Rtt t•ttu,~iott blob wltirlt radiatrs botropically ill lIt n •& l Ji·a nJ<• {,.,_ 

Itt th<· oh~l'rY<·r·~ !'rant<'/\. the blob is tll(J\·ing "·itlt rd;llil'istic- ~IlP<'d d= t'/ 1· (~ I ) . aud 

t Jw radial iott ia s t rott f!.l.\· a tli~o t ropic. Thrc·r· intporl ani f'fi't·cts arc exprcl "" n:. follnwb. 

3.7.1 A berra tion of Light 

, i111pl<· Lorl'Jtl/ lransfomwli u ~!tows that Lite din'<"l inns of tlt e ,-~lociliC's of liglll in Lll!' 

lll'tJ fratnrs (!1·. /,·')art' rdalerl IJ_,. lite fonnttln , 

sinO' 
t;uJII= / . 

['( ('O;IJ' + I' I ') 
(3.G.:i ) 

(3.GG) 

wht·n· r is II"' Lort•nlt factor of tit<· IJ]oh ;tud giw•u r =: [1- ,12
] -

112
• ConsideriHg t lw 

hpat inl "'"~e of IJ' = r. /'2. IH' obtain 

r 
UlUO = r,. sinll =.:!:. r (3.GI ) 

This Hl rllll' t lt at 111 t!tt• fr;lntr ~~- -half of t ltr· pltot<>tl~ a rC' <"0nceu tratcd in a narrow c-one• 

111' ltalf Hll)!,IP 11~ 1 / 1" . 

3 . 7.2 Tin'le D ilat ion 

Thr l'tltis~in u ami arriY<t] linH' inl('rnlh t\rl' ditl'!'rl'lll. The dill rrcncc of arri1·a! l intc ..:,.1 , 

is <'Xprc•s"'d h_,. t !te dilfr n' llC'l' of lite <·missinu tinw ..:,.1 , as 

(:l.G ) 

(3.GO) 

huling In 

(3. 10 ) 

!'his is n rntii'C'ttir·ttt drril'~ljon of thr /J(Iiiiiiii!J fad orb(= [r( l - c-osO)j - 1 ) • • \ s \\'!' S<'<' 

iu Figur<' 3.!J, lh<• lwmninp, f~rlur !'X('('Pllb unil_,. if ' ' i(•\\·iul\ nHglc~ arC' 1-.mall . :'>lo ll' that. 

ll'hC"n lh<• olts<'t'l'l'l' is loc·atNlj><'l'f'! 'lltlicular to t]J(' lllOI' iug direrlion (i.l' .. ()' = r./2) in t ilf' 

~<.Htl't' frnl\11'. t''t ~ r Jwcal\~f ' f"iJI8 ~ l j [' . 

-
3.1. H£L.-\Tl\'J TIC 13£. \.\/1.\'G I.Y IJL.\ Z. \H ./[TS 13 

3 .7.3 Blue Shift of Frequen cies and t he Lumino it. E nha nce­

m ent 

'in(·e fn' <Jl l nr ies ;)n• t h(' in\·Ns(' of I imes. 1\'!' It an· <1 simple rdat ion , 

l!= l't /. (3. 11 ) 

Tilt> ~ J H'(' i li r iul(' ll:,il_,. / (u) di1·ided !11· rhl' c-uhr of tit fr<'<Jll <'lll'.'. is Lorr·nl z inYarianl 

(<'-!\- - Ry!Jkki .\.; Lip, lt tma11 JDID ). Thus wr h ;l\'C 

(3. 1:?) 

Integration of ! (11) O\'C'r ! Ia· fr<"qtt<'lwies yidds 

I=/ ! (u) d1' = <\
1 

/ T'(u')rh/ = tl 1
/

1
• (3.131 

.-\~sutniug i:,(>(ropy of t l1r emission. llw t0 tTPspondiug lrnnsfnmwtion for hmtinosily is 

(3. 1--1) 

l3e(·al!s<' of tlt i:, f;l<'tor r\'1, I lazm~. ll'h%<' _j('t etni:;.~i,ms <11'1 ' point iu~ d os<•J_,. to tln· 

ohs<'n·<·r. arc btrongly c·nh~ uccd in !Jrip.htness. 

I 
f 

100.0.----~---~---~-------, 

50.0 
.) 

\ 
'· JO.O \'\ 

5.0 ~:·::·· •. 

\\: ..... 
1.0 -----\~\\~ 
0.15 .. ~ . •• ·~ .••. 

.. ' .. ~·· . ~-~ ·· ... 

Lorentz. tac lor 

10 
20 
30 

50 

0 .1 0::--------:;.~0 --..0...----:.~0 _.:.,--=----:60:---------::::=="--' 
Viewing Ani le 9 (del ) 

Fig me· 3.D: J),.,LIIIiu ~ ( Doppl<•r ) bouHtiu~ fad or h "-'" fllulliou of vi<·Willg :lll~lc e. H<·oull~ JiJI· 

Lon•ul 'l. f«dur. r = ~- lll . 20. 30 and DO m·~ siii!Wll rc,pcefiv<' l_y. Not <· t.h" t h = 2L' fur 1J = Cl . 

"'"' h = l' for IJ = l / l'. 
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Chapter 4 

Instruments on-board ASCA 

4.1 ASC'A Satellite 

ASCA (.-\dqnc d Satelliu• for Co~molog~· and .·\ ><troph_,·,icK) Katl'i lit (Ta nakll <'I ,,J. 100-1) 

i. the fifkenth srirntificsntl' lliteoflnsli tut c of Space and ; \ ~ trun anti('a l Sci••n•·t· ( 1 '.-\S) . 

ASCA i& tht> fourth .lapaM,;c \:-r~y obscn·atory ~n<Tc·edjng HA [(UCl!OU. TBJ\1/MA , nnd 

CJNGA sa lellilc,s. It 11·as lalluchcd b~· the :- t-3S IT rocket on f,lwnary 20. 10!)3 (.JST) frotn 

r--:agoshima Spat~> 'Pnt<'r ( KSC ) iu l\ngosltim a, .Japan. ASC•l orhits on a n<'~rl_,. c-irc-ttlar 

orhit wit h its hc•ight abmtt 520 km at its perigct' anti «hont G20 knt at its apog<'P. Tt 

weighs about ·120 kg and the l<'ngth of ;uJ c•xteu&iblt· optieal lwnch (E013) is nbout 1.7 111 . 

Figur<' ..J.l shows a sdH·matic l'it''" of ASCA sat<' lli tc in orbit. 

Fii\111'<' -1.1: Sdwtuatir drawiu~ of ASCA satr•llit< ·. 

ASC:A features illlat;ing and sp<'ctroscopie capal>ilitic'l> 1rith a larl(<' <·U·cc-til·t· ar il wHI 

lhe higilcs t ('llrrgy r<>solntiou (•I'C'J' arhic·n•d in a wid(' energy bantl. which rang<'s from 

I.J 
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o .. j ko •\ ' to I() kl'\'. It r·allif'" li>ttr :\.- l'il\' TI' IC',CO jH' (:\.HT). r·cptipp<'tl \\'it!t two X-ra,\' ceo 
C"amr·rtt" (Solid , tate· lrnngiug SpN'froTtt<'tr·r: SIS) nnd t \I'll ga::. cinLi llat ion imaging prop<•r­

tirnwl <·ouuU· rs (Gas lnwl,\i ng Sp<·PIJ'OJlll•tl'r: C:l ) ~~ tl1eir foc:rl phr.nr. The a rrang('meut 

of 1hesc· in ,t nunc·nt ' is ., lrcmn iu Fignr•· -1.2. T!w,c· two typ<'& nf cldc• ·tors hnn' compk-

1urntary propr·rtif'~: tire SIS Ira" linN position (111<1 b~tt<·r cuerg_,· rrsoluti 11 I !ran :JS, 

11 1r ilr- t lr,. GIS has fa~t c·r t intc• r •snlu i icm ami wid<•r clynaruic range in so urn· in t r·u~i t .'·· \\ 'r 

lori <· fh· dc·sniiJf> t Jrp XHT. SIS. Hue! ;]S in tlH• following scctiuus. 

F~'latl Length 11()() nun 

GIS 

c:E==o 

Fignrt- 1.2: . \rntU J;l'l iJ('IIt or iu~trUIUI'III~ Ull ASCA .satcllit<-·-

4.2 XRT 

Tho' A. · 'A XI T(X-ra.'· tc·k·,cup•·) consist~; of ;r large nmnhPr of conical thin-foil rl'fi c'ctors 

to fill its npl'rt un• ll<'siccl wirlr tlwir stu·fn<·<' St><· n aim >SI Pdgc-on (Figurr -1.2). It ain1s to 

11dti•·n· a largr· r•ll'r·c·tin· M•·n ami high tlnoughput O\'l~ r a broad energy h<ulcllt]llO 10 kr·\· . 

Four .'\llT's <lit bnnrd ASCA satellil<' nn' pht.cl'd at lit e> tr•p of EOB. TlW.I' 1\'NE' producc•d 

"'"lJll'rnt iwly !,,, . .'\ap;on1 rni~·~ rtiit-'·. '1 • .\S.\ C:<Jddmd Spnce Flight CentC'r ('1:\S.-\ fG. 'FCJ. 

;) ud rn~titut<' of Spnr·c· and .-\"troJr;rutinll Seir•nt·<' (IS:\ ') . 

X 1a.' '' frc•tn n·lr•Htial ;,c1un·<'s ill'(' rcllcl'll'd h~· XHT only when its incidr•11l 1n1 g,k i> 

hluallr·t tl1a11 til<' ('t'ilir·;J! <lll f\ lt• of 1 . Tr> IH'hir·,·r· a large pff(•diYc arC'a. m·rr a hunclrNI 

ni ·~ tr•clthin ft•ib a 1r• usvd for ASCA XHT. Sinr·c• it is diflimlt to , hapc· a lhi11 foil i11to ;J 

!l"tnholoici;Htd a hi'JH•riJCl!nid. a ('Oil ira! ~ur fn cc is usrd Hh all approximation .. -\lthonp., l1 I his 

approxi11Htli 11 n·rlur·,•, tlw ilnagt'ljll<>lity. tlw mug,hnr'Sf, of thr;> rcHector;: St lrf;H't' 111ninh· 

c·mllrilontt•s to lh•• puin1 spn•acl fun• ·tion. wire"''' h«lf powC'r dianwter nf 3 ;u·r·-tniultlc•s. 

])p,ig,n pawm<·tr·rs and p rftll·\u ;utc·t· or XHT an• sbo"'11 in TnhlL' -1.1. 

-
1.3. 1 ~ 

Tahle ·1.1 : D('si •n p;u·;ulJ<·t•' r' nnd pl'rfotiiHlltc'o• of A ', I .'\ RT 

4.3 SIS 

~lirror .... n!J..,trt~rl· 

.\ li rrur ~~~ rfa.n· 

~J irror l«'n ~th 

Nuu1b1.·r of lllirrm·:-, 

ln 1wr (ou u·r) tli<lllll'tn 

Fu,.al l< 'Hf\11< 
ludd l·nt aup:k 

Toral \\'<•ight a 

G•·oJm•tri(·al arc·a 

127]1111 

Anrtk 1,onpwr 1111"" + \u (JOlt u.\ ) 

lOOuuu 
120 foib 

120 (3 t5) I IIIII 

3~00 111111 

0.2·1 - fl. I ' 

-40 k~ 

53, (.'JIJ 2 / ttlf•:-o("l}IJI ' 

2.J arcmiu. ( F\1' 11 ~1 " J kt· \ ') 

16 arnuiu. (F\\' tnt " t kt·\ ') 

:5 10 kt•\ ' 

Elft't'<i,·c Mm" (·l XRT>) ~ lJOOnu' (I kt·\') 

~ GltOnu' (7 k<·V) 
ll alf power diaull'tn ....... 3 arnniu. 

II 

The ASC'A SIS i~ a11 X-my sensitin" 'CD ramer:t. and I'P;riun·s lri14lr ~lll.'rg_1· n'solulioH 

ami fine prJhitiollal r~solulion. The details or the· dehign ~nd In-or hit pr•rfonnnnc<' i& g,in•n 

in DmJ,e et a!. (lDDJ ) ;urd Yatlla~hila l'l nl. (1907). Two SIS d~t<·ctors {llf'rc•afl<'r Sl SO 

and 'lSl) arr• pl;Jc('([ in the f'rw<tl plm1es or two of tlt<· funr .'\HT's. Tlu•y 1\'('ff' dcV<·loj><'d 

b~· the :\ lassadnrsctls lnsti tul•• of Tl:'clnwlogy (:\ liT ). 0hak:r l'lli\'l'rsii .Y. <Uld Innli tnlt' of 

Space ancl Astrouautical Sr·ic·Il<"<' (IS:\S). 

4 .3 .1 System D escription 

The SIS C'onsists of four X-ra,v CC'Ds (Clwrl\<' :onp!!'d Dr·vic-r•), amdop, c•lt•(·ln<ui ~,(SIS 

AE). nne! digital clrr·i rouic·s {S l -DE) .. -\ s 'hm111 i11 Figur • 1.3. I he· four CCD ,.Jrips arr· 

aligued in a squmc• with uarrow g;1ps. Llf'h 'CD •·hip has -122 x -l2fl pixr·b. Th1· rli ­

nH·nsious of I hC' CCD chip <u·<' llmm x J !nun 1\·hich <"ovc · r~ 11· x 11' i11 t lr(" sb ·. o,.~igr• 

pararnr•tc•r& a11d prrl(ormatll'<' of SIS ;u·11 su1mnm·i1f'rl in Tahl{· 1.2. 

Tltr SIS is a frame Lranbl'l·r 1ypr CCD, "'""~'' dPtl'rtiou part is nradP of au 'i p n 

.innttions . .-\u in~ulator layer rnadf' of Si01 is MlaC'hc•d ou tltr• frnut surfat·r of tlw u- t~' JH' 

Si. The eiE'tfrodcs ar(' buill ou both th(' froul ;l!ld thr ba('k of tlw dr•viC'r·. Dy supplying 

'\fl<·ci lk pattcr-nb of Yolt np;c•s on 1 ht· r·if'<'t ro<lc·s. tharw·s in a pixt'i <1.1'(' t ranbf<'rf·d fwlll t1ll<' 

pixl'! to the ur•xt . .-\ drplC't iClu '" ""r is dr· ,·dol •·cl in I]IC' d<'vir·<' b,· Sllpph·ing a hi as nollngr· 
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2.., 5 un - - -· arcn 

I 
I 

runn--:-.:o.5m,;-­
l - IH . 5pixd~ 

~--=.2~.:!_~~e~ \ 
[4ioPi~<b--

I 

so co 
SIC2 

ILY 
SOC I 

SIC3 

' _j 
. - ll.Jmm 
1- 1 1 I arcmin ·-·- ·- , Ly 

SOC3 Yj 
X 

SIC I 

-22.8 arcmin 

SOC2 )I 
' SICO 

~· ------i 422 hnes jGap: -0.13 rum j 
, -11.4 mm , 1 - 4.8 pixels I 
l ::.!_!-_2_E~!!!l_n.J !._ __ .:~~!:£~cJ 

Figur -1.3: ,\liguult'Ht uf tilt• four CCD d•iJ" i11 SlS. 

Tahir• 1.2: Drsi):!.n p;mml<'lr>rs aud jwd'onnnnrc• nf ASCA SIS 

ltTacliHtiou ~ lr · tlwd 

Clla z·w· Tr<lll":>fl ·r ~I< .. rhu(l 

lork 

!\ uutiH"r of pixTI"' in lanat.t' Ur~ion 

Pix.·l Si t •· 

.\n:n 

Fir•ld uf \ 'if'''' 

Tbi• · ~~u·-.~ uf Dt·pl<'tio u L cl,\t'r 

Dri' (' ll'tllpc ratttn• 

EH<'I'I\.1' Baud 

Qnautll lll Efliri<-·uey 

L111'l'A_\' B••solutinu 

Frout irrmliatiou 

Fnltllt.' Tn-ut:,f(•r 

3- pht~ . ..,l' drin· 

·l20 pixc:b X ·122 lillf.'l'i J>f.T drip 

27 Jtlll 

lJ x 11 ti11H 2 pt•r chip 

ll x ll :;quar<.' arr tuiuHI<;:i per dtip 

....... ·iOJfllt 

- -62"(' 

OA - 12 kt·\' 

80'7. at G ke\-

2'!. at .).0 k<·\· ( F\\'U~f ) 

lwtll'~'t'll till• d••clrodl'l> ma tht· li·maf n11d on til<' hac·k. Thl' CCD chips <trP conlrd do11·n tn 

- G2 C' 11 il h a lhl'riiiiH'iretric t·ooiN (TEC) frona lhc· haek to redllct· tlt(' tlwnnalnoi,;t•. 

l'11·o ' I. .\F's nn· on-hnard c·oJWbpOHtlinp, to SISO atld . .lSI. resprclin~ l .1·. Ekei rir 

~i[\uab from SI. art· kd inro lS-. \E and tlH'ir pul. ·•· lwip,hh ar~ cOIJYerlt•d i111u digil<tl 

~ip,tlttls wit it au~l"p, lt ~ dip,ilal•·nnwrtt' rH (.-\DC ). SJ. ·-.-\E nl~o generales dri1·iut?, docks for 

lhr (' 'D chips aut! monilors <\JHI r·o11trols tltt• ll'tllprraltln· of thr C'CD chips. SIS-DC 

pir·ks up X ra1 ,.,., . Hi~ ill tlu· digil Hi ~igua ls fwllt Sl '- :\ E wi1lt t1n1 digital signal J1!'0Ct's~ors 

[DSI ) and st'tll l ~ tlwnt 1o a data prorc•ssur (DPJ. 

-1.3. Si 

4.3 .2 On-Board Data Processing 

Tlw ohs<'tTaliou utock~ art• dc•f>i!'nrtl for hcit•nt ifir oiN'ITat ion~ <ltt<l cou~i'b of .fwul mod,•. 

uri_qhl mod(', aud .frr.-lmudt•. In thf' oh~t>t'l';\lion ttt Odl'~. tit• · tbtlil 1\rt' pnwt·~~t·d ('\' ·ry fottr 

second~ inrl ep~nd rn t c,r tl11' bil ntlt• (1-ligh/:\ lrdiullt /Ltlll ). Tll!' •lld<•r of n •adin)'. of tltt• 

CCD chips ran hl' rbang<'d in arrordance with t lw ain1ur oiiM'IY<Ition (CC'D 1nnd<'). Tiln·t• 

CCD morlc-s an• dc•sigiH'd fnr ~landard nh.J'J'I'llliolls: .1- CD IIIIHk. 2-C'C'D mod ... and ·1-

CCD mclfle. Thr nt1mlaer PHTed i11 g ··ceo·· in m"d'• Ill\ II I<' j, I ht• nttJni><·r of r-hip~ to ilc 

n·ad 011 t. 

In J ninl tnotle and hl'lghi Jnodt· \:-my i.Jal<1W'5 and SJl<'<'t ra a1 <'~intuit <11\POII~ly ohlaitwd 

11·ith poor tiu1c rt• oint ion of .J cr at most. I11formaiion on dt•I£'C t< •d .\- r<t_l'k i~ at•cptin·d 

;~lmo t iH the same· 11·ay in hoth mock•, c·xcr•pt tilat iht· inforntntion is ·ompn~sPd in 

brigiJI mode. 1-. 2-. ami .J -C'CD modes are al·ailable in faint <1titl lwuthl nJod<'"· 

In lhr brig hi mode DP dassifir·~ nn ('1.1'111 ily assi >ning a ·w·adc•". Th" grade> utttp,t'' 

from 0 to I depend in' 011 the pal tern of the pixr·l J,.,-vJs of 11<'ighhorin g pixP I. wltc"C' pix ..I 

lel'e ls exceed a sp.lil lltr<'sholcl. Defii1iricms or grades are slwwn in Pigttr<> J. .J. DP also 

~ums pixel lrn' ls 11·1!irh exc·c('d the sp li t tluTs lwld ami are not or ri<'l adtr'<l ronH·r pix ·Is. 

and compresses I he Stt!IJIIH'd pixel level 1\'ilh l2 bit s lt•ngtlt into l I J,il data. 

Tn Tilbl<: -L3 Oj)\'ratiun 111odc of srs are ~lttiii1Hlr iz c<l. ~[osl o[ ''"' oiJ~I'I'V<IIiou~ in 

thi th~sis 11·erc p!·rfnrntcd i11 normall-CCD .fni11l tllodr· f<tr J,it -lligla anrluurutal 1-CC'D 

lmght nwd<' for bit-.\lcdinm (§ 6.1 ). The ldcnt('tr_,. limit i» G~ ctsf~/STS fc,r Lhr• fnrlll<'l'. 

while 32 cts/s/SIS fur lit<' Jati er. Dtu·iug lit(' olJs('ITittion of :\frk -121 in I!lD . SIS eonnl 

rate exc-(•r•ds tllil' ldenwlr ·limit thu~ we perform ca rr•fttl data rPdHdion to PliJninatl' I)H• 

C'l'l(·ri of l<'knwlry saturation (sec·,§ 7.1.1) . 

Tablt• -1.3: Snmmarv or oh~o<'rl'ation mC\dc·s in SIS 

Ti1uc Rl.·::.olutiotl 

En·ut Tralll'l. flatt· 

(.-ts/sl'l'/2 sr<hOrs) 

CC'D ID 

Pixr·l h-wl 

l:.n·ut po~itiuu 

Ti1lll' -.ta.wp 

Gnulp 

Fa.iut Dright 

4/8/IG sc(' ~/8/16 >f't' 

(1/2/~CCD IJIOtl <-\ 

128/lG/-1 .'; 12/lii / JG 

128 !,its 32 bit'l 

2 bits 

12 hi" x!l lJ hits 

!J bit~ x2 9 hit~ .x: 2 

~j hil !o. 

Fa:-;l 

IG '"" 
(1 ·co •uou<') 

J021/128/32 

!G hit ' 

lJ hits 

liJil 

3 l)j(:-. 

1 l,j .... 
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GrJtlc dcrutition 

S = P~rft!c l Single 
(Grade 0) 

S+.;::: S + Dctouchcd Corner:> 
(Grade I ) 

V = Vcrtk:~ l Singlc-SidmJ Split 
+ Detnuchcd Corners 

(Gracie 2) 

L= Left Single-Sided Spli1 
+ Dctouchcd Comt.:rs 

(Grade 3) 

R= Righi Single-Sided Spli1 
+ D~.:.~ouc hcd Corner' 

(Gracie 4) 

P+= Single-Sided plil 
W1lh Touched Comers 

(Gracie 5) 

C:(:u nplc~ 

L+() = L ShlJlC and Square Shape~ Em~ 00 
+ Dctouchcd Corner~ 

(Grade 6) 

EJ A m:u;.innun h:'cl pix ... •! large• th:m 0 11 1.:!\'Cnl lim.!, hold 

D A iW"'d hllt!C' Jhun a .;pli tlhrcsholtl \\luch is tnciUtlcd ror 1he pul'\c ht.:1gh1 computmu.) n 

~ A piwll~er 1hnn n 'Phi thl!.!:iln,ld which'' nm mcludcd for the" pulo;;c height compuuu10n 

Figun• -1.~: Odiuitions o[ gratlP~ of t'Vt•11t s. 

... 

-
1.3. SI 3 1 

4.3.3 R eduction of the SI data 

Hot and Flicker ing Pixels 

.-\ pixel erca tinp, r,·<'nl~ l1111 110 incidt> 11l panicle i' cnlkd a .. hP( pixc·l"" or n ··flick<'l i11 g 

pi~cl ... T l1 PS<' C' ITOUC'011 :, pi xc•b aH' mainly dn" to a la q~c dar!' clltTr•nl. c;HI;..<'d In· !ni l it·•· 

d fee is on the• ias tdator hln.'r ll!tdcr clccl rodl's or I h(• ('(' D . .'\~ . lllllillg I hr• Poi~M>I I dis! ri 

IJu lion, we regarded a pixd. \\"ltc,;.,c· 111111Jbrr of 1'\"<' 111:, Jar •d_,. I'X<·c·,.ds lh<• illf'nt)!,<' ruuong 

surroundiU )!, pi xf'!H. as a tli c- keriug pi x<'!. Tn a Mil lldard a n n l .1·~ i;., th•· il\"Nil)!,<' is <"ilkulatPd 

from ,j x 0 pixeL~ <"<'nf r' rillg a pixc•l of iii! Pn•:,t. The· t luf':,Jwld prolmbil il y is ~<·t 111 lll_·,r •. 

1r hich C"OITE' ponds f.O a probability that OllE' 0111 of all th e piX<"!:- in il c·hip ( !2:_ X 120 pixr-Js 

in to tal ) exceed, lhr· thr!'shold h~· dwllc<' . natnch·, 1 /( 120 x 122). 

Echo 

.-\ pixel lc·,·d Rllffcrs a 11 <•rl ificia l incrNtse by a11 ··edl<> .. phriiOlli!"II OII . whir·h ori¢ 1wl<•s l"m111 

a lr<UlSitioH td property t>f SIS-AE. Jn STS- AE au a11alnp, , ip,llal frnnt th<' CCD h·. n•s <1 11 

exira signal after thP main signal as <\ rf>~ ull (>fa .. rin_' iag·· l'ikd . .-'1 sig11ilirH 11f pnl ;.,<' 

hPight r ·mains (' \·rn nl <1 tit ll<' whc11 tllf' signa l from a nPx t j)L'\<' I is proc<'ss<"< l. 

In the amtlysi~, Iii<' .fainl 1nod•· rlal<l CIIH i><' (·on<·<·l<'d lo rruto\·pfhl." l'dHJ ph<'lllllli('llOII 

by subtrac ting pi~c·l !f',·el of th · tCillt-r pi.xd froUl that of ri ghl -h~Hd pix<·b IJ\· Jh,• ,. ·II<> 

fraction for a 11 obscn·ation period. In bri_qltt mode lnta. howewr, ouly Sli UlliJ t•d pixPI 

lc·,·d~ an: obtain(•! so thai 11 u rorrrct ion to the data cnu lH' p<'rfonll <'<i. !11 this ca.v II<' 

should 11se a better su blrac tion ledllliqne of t hP f'dJU ph <' IWIIH'Hon thiJt oll)!,h cnknhtl in!\ 

th(' re~pon5c malri~ . 

D ark Fram e Error (DFE) 

.\ dark franw l'rror (herc•afl"r DFE) is a rrs idH<l l da rk lt·nl ca.11 s iu' pixel len·ls 10 lw 

shift ed b_,. a c·onslanl nmounl. depc11ding on t!H· S IS •·onrlitiOII d11ri111\ !l1r> uhs,. ,·,·afioll . 

Tltc DFE ariht•s from incom pkl , <·s tiJHHiion of dark len·b i11 ra lndaliliP, pixf'l l<·,·pb in 

SIS-DE. The clark I n·l is tak11laled as <lll a\·eragl' of r:t w PI! data whid1 dis lrilml•·~ 

a.;_1·mn1Nriraliy aro11nd IIH' trnc da rk I<·YPI. 

TLe DF'E is maiuly dut' lo liglli input i11 1111 c>p lica l baud. Tlw distribulirm or pix<·! 

le1·eb <1t ·onlt'r pixch are ac·c umulatf'd for <"ildl ::;!Jort t iuw illlPrval ... acb G.J ,.,e<· w,uall.1·. 

and mm pared with a te111plat<' b.'· nos~-c·orr<>latiu)!, t la' rn. Tl1is <'~limatio11 i~ rep<>aiPd 

lln·oHp;hou t an ohbl·tTaliOtl period. all(! th<' li nw hi~lory of DF'E ,·aluPs a n • ubtaitll'd. F'<,r 

foi'llt mode data th~ rstima tPC! DF E art• snb1rac tPd froru pix<-lii'Vf'b of nllll1e pixc·Js SPill 

lo lhr ground . Since 110 DFE corrPrtiou can he f!lade for brt_qht and f"·'' 111rJd<' data . 
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nwtrix 

harge Trausfer !Hefficiency (CTI) 

Charw· lran~l'1 • 1 iiil'llir-ir·nr·y (C'T l ) is dl'liJW<l <1s tilt• prnhabilil.'' tlwt Rn f'kctnm in a ,.hargc 

r·loud i~ unl 1 nul ~l'rrl'd l'roiU om• pixel to I he· ut·xt. Tilf' err i~ .. au~etl by charge i rnps hy 

!all ir<' d..J'r•r·b iu diallll!'is of f'i<'cf run~ iu tht· CCD l'hips. Siucc sw·h I at! ic·t• rkfeclb «rc 

crc·«t<•d !11· r·h~rw·tl part ides in orbit. CTl innt•as<'s gradnall.~·. 

en l'illl lw ('(ll'l'l'l'il'd. t•xr·cpl Jor fo.,f lllotlr data. Thl' mrlhorl uJ I he COIT('f'lion is 

bllaighlforward rr •ading a CTI lab],. lo obl~iu CTJ alan obsen·atiou period, r ·alnil~liup, 

" n•rlndion far·tor nf •·Iwrgy sc;tk l<>r r·a<"il e\'rnl by JIIUlliplying CTI by th<• nnmber of 

u·;u!Sfl'r" of <·lr·rlrons of tlw "''<'Ill. and di,·iding the pixd lc•\'(•1 of the rn' nl h,,· tiiP rcdnc!iou 

4.4 GIS 

1\SCA C:IS i. a g;1s ~l'intillatiou imaging proporlioual connter. ll feattu·r·s high tiuw 

r"soh1liuu anti hi!\b dl'tef'li HL rfliri\'u<·y l't>r hard X- ra,· pholou~. The df't«i.l c!P~cripl iou 

o11 1 h~ dr·tr•t·tor tlesi!!,n and pre-flight r·alihrations are gi\'Cn in Ohashi ,., a!. (J 996). T\\'o 

GIS~ ( IH·n ·nn,•r :1$2 and ;[S:-1) ;ur• on-hoard liH· ASCA S<lldEr~ nnci placc•d 011 focal 

plaw•s ol' ann! ill'r 1 \\'ll ut' I hr four XRT's. The~· 1\'CI'!' pruducrd !,,,. Unin•rsil\· of Tok~·o and 

fn~lilult· ofSpal'l•anr! , \;lrottalltirnl Sr·icncc ( IS.-\S). 

4.4.1 System D escription 

~ I S <'t•n~i~ls ol' a gas cdl. a po~it ion srnsiti,·t· pht'IO- IIIul tiplier (Imaging Pholo- ~lnltip!iN 

Tulw: !P~lT). a high ,·oltnge unit.'' hou~ing. and Ph·trm1ics (GIS- E). 

n,. •as n·ll h1-1~ <I c·,·lindrical ~hap<' with ~ GOmm di;mwt<·r and ~ 2::inun height. A 

sf'IIL'Ul<Ilit · \'ii'\\' of lhP cro~s scctio11 of a gas rc·ll and a position scnsitiH' photo-mnlliplirr 

tnht• of (.;]S an• shro\\'ll i11 Fiv,nre -J..j. Tlw fidrl of , ·irll' of GIS is c·irculnr with ;,o· dianl('IN 

in t IH' sk\·. ::\•• l(as (9G'X ) a11d lll' gas ( I'A) nn• fi!l~rl in 1 h<• gas cPII. l n front of I he gas ('(•11. 

a plnsuw s!Iidd is placrd lo protect C:! · l'rnm radiation damngr. The gas rcll is di,·icl<•d 

into two l<')!,illlls: n dril'l r<'gion anrl a s<"illtilln! ion rt'gion. lP ~ IT is attached bt'I O\Y the I!,<IS 

t·rll a~ h]H>IIll i11 F'ip.nr<' 1.-. Th('S(' ('('lis arc optil'ally <·un n ·c·te<l with caril ut hcr IIIrough 

a qunrtr \\iudt>\1 at thr lwllonJ tf lhf' g~< <·<>II n11rl a biHikali photo-c·I<"C'irorl<' :1l lilt' top 

of 11' ~1 r. D(•si 'II JHirllllll'l<'l'S <Hld ]Wrforni>llll'(' ol' a.' an· ~\lllllliarizrd in Tnhlt• ~1.1. 

-
.J . ..J. GIS 

~ 
~ Scmolllui\111 

. 
.D 

?! 
] .. 

:i3 

X-•·ay HV 

GND 

Figtu·e 4 .5: Cros sectioual view of a g:as eel! aud a positiou seusitivc piiOtO·IlltLltiplicr tuhe of GIS. Tht• 

voltage of ead1 pan of the detector supplied hy a high ,·oltagc uuit is ::.Ltowu at tb t• rigLL of the figure for 

ref€'l'Citcc. A schematic drawiug of au X-ray dcl{'diou is also showu . 

Tab! 4.4: De;,ign panunt'l<•rs aud pt•rfonnau<:e of GIS 

EHC'rgy Da11d 

Eucrgy Rcsolulion 

Elfcc Ii vr Area 

0. 7-15 kt•V 

B'X ai 5.9 keV (F'WHM) 

,jQ Ullll diawcter 

Posi iioual Rrsoluiiou 0.5 mm (F \\'H.:.\1) 

Time Rcsolntim1 "'Gl!IS£'.<: (A fiuimu1U in Pff modf•) 

l.9J ms (l\liuimun1 iu .II PC mode) 

The high voltage uuit upplie~ appropriat·p \'Oitagcb io I he ga'> cell and IP i\'IT as showtt 

at the right in Figure 4.;,. A h!C'cdcr is pJac d bPiow IPMT and supplies voltages to a 

dynode and to the auodrs of lPI\IT by dh·i,Eog a high voltagr froul th high voltage uuit. 

At the end of GIS2. a radial ion br•lt mouitor (R 13l\l ) is alta(' llcd to 1110nitor the flux of 

rbarged pRrticles. 

One GTS-E is ou-bmml the f>atPllitr aud JH'Occ~s('~ sigmtl8 from GIS2 and GIS3. GIS-E 

COtl\'erts analog signal · Irum l wr> GIS's iul u digil al :,iguals wit,h l.w 12 bits ADC a nd 
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fonr 8 hits fla.~h ADC . Tll<' CPl- in GIS-£ coll<'cl. anrl Ptlit~ this information and sends 

it through a FIFO ( Fu·~t-In First-On! logit· ) to tlw DP of tLr ~atrl lit e , wl!ic-h commonly 

<'dih SIS d~ta anrl GIS data iuto a td<'mc• lt~· format. Gl S-E a lso snpplies power to t.wo 

GIS\ and R.B).[ , rontrols the high n>ltag" unit >lllcltl!r• preamplifi<•r to operatt> GJS , and 

handlc·s thP nB!\J 1lag to pr<' \·<'n l t!tr clel<'clors from radiat ion darna.ge. 

4 .4.2 On-Board D ata Processing 

Tlw ohsPrvnt ion modPs arP designl'd for sc-il'mific ob"·rvatiom, and consists of PH normal 

modt• (PH mod<' in short ). PH P C'AL mru!P (PC' AL modP in short ), and MPC mode. 

Tn thP PH mod<', X-r~y imagrs and ~pPr-lra arr both oh tainNI " ·ith high time resolu t ion 

up to Gl1•s. 

ArrivcJ tim<·s of X-rays arf' mf'a~ured with sca lrrs. \Yhich conn t tl!e system clock of the 

sa l<' llitt•. The frNtttPnry of lhl'. yst<•m drwk dr'prnrJJ; 0 11 tlw bit rat <': it is 1638-1 Hz for 

high bit ral,t', 204 8 Hz for m<'d ium bit mtr, >lltd Zl 12 Hz lor !mY bit: rate. Table 4.5 shows 

th(• clock sprNI r<'lat iug to I ime a.%.iguuwul t•f Gl (2+3) with maximmn ronnt iug rates 

ohsf' rvilbk• with GIS. \Ve find that fin· tiJr hi f!,h bit rat <'. trlr·nwtry limit is 128 r tsfs/GIS 

whik 16 cts/s/GIS for the nlPClitun bit rai P. For Mrk .J21 obs<'tTation in 1998, the source 

wa~ v '!)' bri ··bt and the telrnwtry was st rnugly saturll.tted "·hen lhl' data was takrn at 

mrdium bit-rate(§ 7.1.1). For tllP dat a takPll at bit-High ralr. dead-t ime of the de tector 

i~ a bout 3 % ~ r a brig ht soum· of 30 rts/s/GIS (l'd aki hima c•t al. 1996). 

Table 4 .5: Clork , JW('cl relatiug tCl tiuw assigmnPnl of GISs 

TinH~ stamp T(•lt'IIJ('Ir.v output )ia:xim nm 

Bit Rate Fn!<llH~ Ih.:y Peri<• <I FrNJUf' IIC." Period Cmw ting Rate 

n; ' " 16384 Hz ~ 61 1" 2;:;G Hz .......,. .fIllS 256 c/s 
!>'led 204 H7. ~ 48 JI S 32Hz 31.25 IllS 32 c/s 
Low 512Hz ...._. 1.!)5 IllS 4Hz 125 IllS 8 c/s 

4 .4.3 R eduction of t he GIS data 

Gain orrection 

Tl1f' gain of GIS mai11!~· depends on thr l<'tllpr rillnrr of thr ga,; c<' ll and the position at 

whil'h lilt X- ray is dC'I<'rl d. Th~ t<.>mprralnrr drpPnrlPHr·r• is dnc t0 c-haracte ristics of X 

gas iu tlw gas cPII. The posit inn;tl rlrpl'Udr•nn• is cnll.'<Prl h.Y tlw positional dep r ndenre 

of tbr sen~itivit y of IP~IT. On t lw snrfac"' of IJnth GJS2 a nrl GT 3. radioac-ti,·e isotope 

-
-1..) . • -lUGS.\ fEST OF T ilE DETECTOR· 

:,:,Fr arr moul!trd nr·ar tlu• rim of their np••rttu·,.,_ ;:,Fr• (•mit, fluun·sc!'ll( :\ - rm·~ of PI!<'IRY 

.:>. 93 kP\·. Thlli X-ra,,· Iitl!' is us,•d lotnt·asnr(' lh!' in~tant iUI <'<•ns gai11 l!tun!J,.r t•f Gl . Tht· 

itnagiug rHpnhi lity of G IS ('llah!Ps us to <'XIruc1 ouly Pn·nb fn11n thP i"otoprs mtd ,.,.,'Ills 

fr01n !h(• isotope~ d o 1101 C(> l!f flln inntr :\-ran [rrml c(•l<•stinl soii!T<'s. 

The gain rorrpct.i 11 for G l 'c·,·pnt~i. di,·idr·d i t<l <• (\I'O,It•ps. First. a pnlsr• hri14hl ofmt 

rn'nt is corr Ct<'cl lak in!( tlw P,<lin m>lJl i11to acn>lllll . Art• •r this cotT<·c-tion !lie· •·otTlTI<'d 

gnin number s lr oulcl ))(' i'(lllSli\J!t (>\·('r lbr Sttrfan· or tlrt• d('ll'clor. St•cottd. !Ill· rt' stdtanl 

pulse hrighl i& furl herr· rrr('[rd . 0 that lh!' '\ - rays from :,;Fr has a CO!lslan l q JuP . rbis 

calH·els tl1e lemperat m c d<'Jll'ndrl!c<> of tit<' gain nttmher a11rl 1 h<' t'urreclrrl p11L'" ltc•igltt is 

inrtepend rnt of lht• ob&rtT<ltion eoncliti us . c~ ll rd a pnbl' ]ll'i)4hl illl'>triaut (Pl) . . \ cnmliug 

to pre-flight a11d in-flight calibn\l inw,. tlw nnr,·rtaiuty in tlw G l gain i~ knowu tolw 1'1. . 

Backgr ound Rej ection 

On~r 907< or hac.kgrouml C\.(•11 1 ~ can be rcjectvd IJ_,. !IIPn!l ~ or (•\·111 11 11(ilt g a pulsP hl' iglt t . 

a ris(' time. a nd the spren I of lhl' ('\'('111. Suu!Tt'~ or cas bar-kgrUillld 1' \·rnts a rr· dividc·d 

into l\m typ<~~-(a) X-rays nhsorlwd a t :\ htl onnnl positious in tl11• !!,HS r·<·ll :111d (b) t·hnrg<•rl 

1 ::u-t irks or high nergy 1-ray . . Oul_,. r \·pn fs 1Yitl1 ri~<' linws h<'t\W'<' Il l.j9 :111 rl 2 1 ( 1 i~c· 

tune \\imlow) a rc eollcc tPd in the on- board data proct•ssinp, nnd are ~··nt tu lit<• ground 

~tat ion. 92'7c of ba ·kgro11nd e\·ents are rejert<'d IJ_,. filtering f'\'C'lll~ "·it h n lliUTowN rih<· 

time "·indow in the data au:dys<'s. Difrerent rise time· \\iurlows flrl• :.<'l for r·w11t" " ' ilh 

differcut pulse heights. :\ table of rist' timl' windows ror nHions pnlw h<•ight~ i;. r-<JllPrl 

an ··RT mask ... The sp read di. <Tillliu:.u ion rc.i<·r-1 & GOt;{ of hilckgrutlnd <'Vr-nl s tHJt rr•jt•rtr>d 

by the rise time di. trimiuation. Only <'V<'nf·s iu a c<·rtain rilngr· of ~prearl patt<•rus :1r<' 

eolk-rted in thr on-homd dMa prOr-('s. iu~ and arc• ~<· nl 10 thr• ground Sf>ttiou. 

4 .5 Alignment of the D et ectors 

The optical axr-. oft he four :X RTs point t n slightlv diJti-rcnt po~iliuus ou thl' sky . ..\!so. rllP 

rentt•rs of the two 'lS·s aurl two C:l 's corrt'~pund 10 liliC'n•nt pr•s itinns 011 the ~k1· . Thi,., 

gi,·es dilf<'rPnl r frert in· areafi to cliJf<: r{·nt df't0~tors . Thr• r<>lntiol!S h<'t\\·r·r·n thr·sc· positious 

arc nwasurl'cl by tlw ASCA t>llihrat iou teHlll >tll(] an• liHI'rl to ('\·aluat<' tlt l' dr'lc·ctot.-o 

rr·spouse in an a l:vs s. Thr aligtunl'nt of c·adt rl ·l<'l:lor is sl tnwu iu Figure· -l.G. The· positi11n' 

of the op tical ax<'s antl rletPetor c!"nlers in refl>n·twt• tr• thE' cr·ntr-r or SISO >trr· prnjr·r·lr'd 

0 11 llw r ra l plane in ' ' '" fip;Hr Tit<' figure a l ~o shows ' ·!HJ!U.in~l posit ium;· Ji,r ,·arinus 

obsernt t iou modes. whPrl' :ut itwtg<" of I hr 1 argPi of <U l obsrrvation is plati!J('(Ilo bt· placPd . 

ln 1-CCD n•odc. for cxawp!P. the sa t dlit<:·~ ~ttitud<' is ronlmiiPd so f!Hll a11 imagt• of tlH' 
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tarp,<'l r·<•lltr·r' "" tltP 1-C'C'D nntninal pn&ilinn ou lhr d<'lc~tors. 

I.Y ~n;o 

nnnunll • 

SY 

. 
"' 5 

.... ~ 
ASCA Focal Plane Map 

(look down) 

Figlll'l1 l.G: ,\li f.Hlm· nl of L.h(' c.lC'tt'l: tvr~. The vpti~.:al iiXf..'!:l autl dt•Lt'(,; tor rt.'Ht<•r::. of SJSO. STSL GIS2. aud 

c:ts:l :trt' ~howu. Nollliaal po::;iriou:, [or nuious ohs\·n·a.tiou IUOdl'~ an· <d-;o plotu.·d ill th(• figure. 

-

Chapter 5 

Instruments on-board RXTE 

Siur·e our llH1iu goa l iR to unde,r&t·and \·ari~hilih· mul spec I ral bdta\·iom of ,.JJ T<·\ ' blaznr". 

we need X-ray data takf'n at n1rious sLa l<'S of sourn' ani,·it,l'. Por I hi' purpn~<'. wr 

conducted severa l R X'l'E (Rossi X-ray Timi11g Explo rer ) ohsNYat ionR as 11 gil<'»( o hM·rvt>r. 

\\'c also >~n<ll-'·:<:ed l hc archival data taken from 1DDG .\p ri l lo 1098 .Jan uary, to luwl' IIIOrf' 

r·ompletr sample. \\·,, ma inly aJtal.vzc P '..\ ci<da in 2.:i-20 kc\· raugc whNc the d<'IPCinr 

is well cali iJra(r·d and lhc bt-st nois - to-s ignal ratio ig o lll aim·rl. 

5.1 RXTE Satellite 

RXTE is u :\-ray mis:ion which ,,·as launched on Df'<'''rniJr·r 30, JD9:i. The spac<>crafl 

was des.igucd and bnilt b~· th<' Goddard Sp;H·<· Flight C'entn (GSFC'). It wns lauHdH'rl 

b,\· a Ddla IT rockrt that put RXTE iulo a irm'-<-'art h rircu l:u· o rhil ,,.ht1Rf' apogr<' IUHl 

pcrigC'<:' are :i80 and :iGO km. corresponding to nn orbital pcrio<l or about 00 mi11ul 's. al 

an indiua t ion of 23 drgn'eS. 

RXTEc;1rries two pointed inslntmeuls, th<· Prot;nrtiounl C'ouuln AJTay ( PC.\) d('\'(•1-

opt·d by C:SFC and lhr High Energy X-ray Timiag ExperiJUt'Hl ( HEXTE ) di',·ciop<·d by 

U ui,-ersity of California at San Diego (t.:CSD ). PC'.\ ~ow·rs the lower part of I hr enerpy 

raug (2- GO ke \ '). whiJro the ~ I E:.\TE r·oH·rb a higlwr r•nergv rang<·. from 20 ke\ · to 

mort• th:m 100 keY. These inslntmrnt~ are ··qnipperl with collimators yil'lding nn angn­

lar rcsvlution of 1 d r>grce. ln ad,lition. RXTE c-arri<'s m1 AII-Sk.\· 1110nit >r (AS;\ 1) from 

.\JassachnsellB ln titul ' of Technology (;\ liT ). I hat scans about 0 'If. of lh(' sky ou P\'i'r\' 

orbit. .--\S;\1 allows r·u.nslanl uwuiloring of I he s k.' · at tin•c· ~r-alr~ of DO miuut~·s or l•mgN. 

FigmC' ;J.I show~ a sdtcoJnali· dew of RXTB .>~ tdlitc in orbi t . 

RX1'E is desi~m·d to facilitate t lw Mud-'· of titll(' \'<lriabilii .Y in tlw emiHsion of ccll's­

lial :X-ra.\·. 011n·ps with modNatc sp<"dntl resolutiou. Tinw sr-n.lf'S from nliCT•Jser·ond. lo 

·)( 
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F'igun• ,).) : S.-ltClual.ic drawiug .. r RXTE sat,.llitc. Thr ·~ kiurls of iush·uu t<•uts. P :A . UEXTE 

;uul AS~l rllf' carried ou tlw spat: •tra1l. 

tlloul ~~ ~ ar(' <·OYl'rNl i11 an in:tantanc·ou~ ~pectral rau ,,. li·o tu 2 to 100 ke\'. 11 i~ dt'&igncd 

li>r n n•quirl'd Iii{• I inw oft <vo y ars, with a goa l of fin• ,-,•aTs. 

5 .2 PCA 

5.2.1 y tern Description 

Thl' RX1'B PC.\ (Propo rlioual Couu! Pr r\rrn,,·) consists of fil'<' I;Lrg•· proportional 0\111-

IN~ ( I'C'l\) ll'i th ;l nti-~oi11l'idE'llC<' ( ller ;lftcr --wto") f<ont11r s 11·hich pro1· ide n l'<'fV lo11· 

lm<"k~nm nd .. \ tnecha11ieal ht'xagonal rollim ~1tor ib ca rri('d uu C'adt proportional ou nter. 

whidt pro1·idc-' annngu lar n•st>lutit>ll of L clt-gr('<' (F' \\'H\1 ). 13C'tnus<• of the lar•c dtec tive 

an·a. MHIIT<'S "" fai11t "" l t11Crah con be dPlecled only in a li:-w seco11ds. T ht• detailed 

d<''<Tiptinn on the• PCA dt•~ i p;n. ;:\.' Wt• JI as ih t• orbi t pl'rfOrtJl;111C<'& <lt'(' gii'C'Jl i11 .Jnhoda Cl 

,[. ( J !)!)(; : lf)f)!J). 

T ltl' \(>tal an•;t of j PCT~ is G:.;J() t·m1 . Thr dtr•tnatic vi!'W of au u~scmbl.v of fh·<• 

uuit ~ ;uul ••adt pruportioual coumcr HIT gi,·en iu Fi!\ur<· 0.2. \\ 'e &\llltmarizt' the dc•sigu 

parant\'IPI'~ and tWrformallCC' of PC.\ iu Table 3. 1. Tit<' PC:\ is eH'ccti1· on•r tltt· <:11!'1' '" 

-
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raHgt• 2- GO k \ 'with 18 'A <'U<'rgy rf',Oilllinn nt (i k••\' . PC':\ 1111it~ an• till<'rl 11·ith XP 

p,;ts <tlltl achien• low hac·kgroltud lhr 111p.h dfkit•nr n ' to sd ll'llll'' inrlurlin~; sidl' ami n ·ar 

chambt•rs and a prupanr top lay<·'r . 

Tlt r 1 dcgrrc FO\ ' (F\\'1-L\1 ) or llw tulndnr (lt t•xagoual) l'<>llint:tliPIIS yit·ld' il ~011 1'( ' (' 

co11 fusion lituil a t - O.J mC.rah. TltP 'nth w•huln will ,-it'ld 100 crsjs (:.- .10 kl' \ ') 11 ud 

1200 ctsjs ( JO - 30 kC' \ ') in t ltt· PC'.-\ . Tltt' IJ;,r·kgmulld iu tlt,•s<· tll'o hands an' :2() at td 2-1 

c ls/s. I'<'SJlC'Clii'C·l.l·. \\'i th tlt!'S<' barkp;rotutcb, nu .-\ C::'\ ~nurn• of iuteusity 1.3 tn C'rah illld 

t•nerg_r inrlf·x 0.7 will be clC'I!'rterl at ~ 2 rr in ouJ~· 1 M'c at 2 J(l k1·\· 11llll a r 3" itt 10 

~CC i'lt ]() - 30 kt· \ ·. \Jonitorcd \'1'10 ral<'S 11· il1 Jli'OI'iclt• a ltH'a,\11'1' o f lilt' hackgr<Jlllld In at 

l c;•~t 10 'If. of its q du e. 

I'CA ASSE~IBLY (5 unil<) 

f':('jW)nJ().'\~ 

Coun~cr•niJ 
Co1lnn.ll•w 

I'W(WflUIItl,,l.l.(t) l " li M II un~/ 

Fig 11re 0.2: left: A~SM'tnhly of ;) P C..-\ con ut' <' r~ with total an.·a of 62GO t·tu 2 . rt.fJIIt ; Sc hf'uJati,.: vi(•w of 

ouf'PCA uui L 

Tah1P :i.l : De. ip,n p;u-~ruetrrs and p< ·rform;lll<'i' r,r l?XTE PC.-\ 

Eurrgy 13<wd 

Eut··rgy H(:"1o1utiou 

2 - 60 kc·\' 

5 lS'l a< 6 kt·\ ' (FWmJ ) 

Tint(' He:-.ol utiou 1 I' Sl't 

All&lli<u· Re>olutiuu l d•·&r<'<' (F\\1-L\t) 

0 1·t(•t' lOI'h J proportiou;' l ( 'OTIIJU · r~ 

Colltrtiu t; .\n·a 6500 c1u2 

i\'et .-\n·a 3000 nu2 (itt 3 kt·\ ') :11>d 6000 tm' (a< ]II h\') 

Laye r:; 1 Prop~uw \'l'lo, 3 :Xc:. 1 Xe n:to lay(·r 

Sc· u ~iti \' it,Y 0.1 lttCrab (2 - 10 kt•\ iu JUiuutt ·s) 

l3atkgrouud 2 111Cra.b 

Trk·lllel ry 1 kb/~ 
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5.2.2 On-Board Data Processing 

Tbr· ~v~tc•nt "'ill pnw<·" c·o1tnl ratt·~ frotn liH' PC'A up to .:;xlo·· ctH/t- (onlv G '7c dPadtimr 

for tltr• Crail) "ud will 1, • 11ble to dvtrrtJliuc> pbntou arrival tim!i' 11·itb an arcur;KY of 

~ J JISN' . Till' PC.-\ d>1la ~trf'ittn raa IJl' hinncd <llld tdC'nH'tl'r<·d iu G clift<.·reut lllOdPs 

~itllllltmwun~i.'' In· () iudr·pr·]l(ll'nl Ew•at .-\u<ll.I'Z('rs (E.-\ ) whicl1 opPral.e in parallel. eac·h 

mwlniug thr· tut ;d PC.-\ tl>li.<l stn•:un. Two oilier E.-\s <rill prore~s thr AS:-- 1 data and 

··onl rol its rot <tliou. 

Two of tlw G PC A E.-\s ,u·r• im ·nciPcl I o he rPser1· d for I wo ~l<'ttllla rd PC.-\ llludcs " ·it h 

lituinJ?, <tlld spt·•·tnd p;lnlllH'tC'r~ that 11·ill rvmaiu utwhangcd tlu·oughout the lllis.<ion ro 

prm·irlr• a nnifon1t mis!>iou data hank. Fur the rrtnai11i11' -l PC.-\ E.-\s. ho<re,·er. procrssiug 

11111d1·s <tn· flvxihl_,. ,•IN'tl"d hy !';Uf'bl obsrrw·rs to a('comtuodale 1be sciPnlifir- requiTcments. 

filf' s l:ntdard tuodes t'ollsists of 5/andard-1 a11d Struulorr/-2. trwr/m·rl-1 roB lain,, rat<•s 

~; 11 npJ,•d at 0.12.) src: the to lid go(•d cn·nt rat r frnm each iHdi,·idual conmer. propanr c1·rnt 

talc:< ~>lllllllr'd ovr·r the· PC'.-\. a11d thr· rate nf oil othl'r el'rnts. lnndnn/- 1 abo l'untnins 

c;tlibrntillll ~IJI'<'tra wl1ich ar<' swrcd and trletn lrrd &rparatcly for f'ach clekctor nnd ead1 

layn olll'l' t•,·cr_r 12 ·· ~CI'On<ls. Stoor/,rd-2 contain~ 1:29 r-han11cl pulse heip,IJI spc·f'lr;\ for 

<'ad1 signal layf'r of t•ach ciPtrctor. 33 channel propFtlle layer spectra for ear· II dr-lr·ctor. illld 

20 rates of ,·arinu~ r-oml infttions of cru11bination~ <•f coincideHcl'.~ for ""~'h df'tl·ctor n•ad 

(Jill cvr·ry I G M'r·onds. 

5 .2.3 R ductio n of PCA data 

Eucrgy Respow;c 

.\~ wr· lw<·<· srt·u iu Figun• .J .2. rach PCU dctertCJr, frorn 111c top, consists of .1 tlH•nnal 

~hi1'1d. ;t r(lllinwtor. 1\J1 ;lltllniniz d mylar wi11dow. a propanl' ,-olunw~;. <llld '' dc·trrtor 

bod_\'. TilL· low l'll.t'J'g_\· 1lm·sho1d or lhr PC.\ is dctNtllill<'ll by the transmission of tile 

mylar 11 iudnws ( J 111111 r•adt) and t h<· propa11e YOiunw. For ruerat i11g the rC'spon~e 111<\l rix . 

tilt' iliiJI<>rt;tflt l(llillllitl· is tile photo-elrct ri<· ~toppi11g, po\\'cr of t'ar-h layer cUld all xlerior 

lny<·rs. 

rlw ).\:ti n of tiH· •·ounil'r i~ tnouilorPd coutill\Ht11Sl-'· "·itlt an 1 ' 1 Am radioactil'l' ~O>II'C<" for 

'' ilwh <lt•r I'd iou (t f t lw 11 partir!<' idl'ntifi ·s thr t·,Jilm<t iou X- n1~·s. :\ddif ion a I iHI'omtlll ion 

nh01t1 I ill' <'11<'1'1\.1' ~rale has bf'<'ll uhtaincd from nwa~memi.'Hl ~ nf thE• irnu liur i11 til(• . uper 

no<·n ll'llllHtlll C'as~iopvin .-\. nntl tlw .\t·-L CS('ilJIP JH'ilk whic·lt j~ collected in a spe~inl 

1111'1" fltal k<·eps nU t'YPnt~ with a calilm11ion flag. 

P '.-\ l'<''J101l~(' rnut ri.- '~ lll iljl !lOU l'll<' l'l\i••s from1Ul23 to 100 kc\' to 2.JG PH .-\ c·hnuuels. 

I lair of 1 ill' <'llt' rl'-' <'han nt-Is an• equal )I- spacf•d hl'im1· LO k<·\ ·. <•xt·,·pl t hnt tlw I hn·<' cilnHnd~ 

-
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wbid1 include llflt' of the .\e-L edgP~ an• ~plit iHto t<<<> rhaiiiid~ 11·ith r·hnnnPI hnuud;ll'\' 

matching the awmic- <·dg(•. Tlw rE'maiuinJ?. r-hauud~ arr abo <'tptaHY diYidt•d <'X"•'Jl! tltnl 

the ckulJlei iududu1 • the .\e-1\ rtlgl' i~ nga.iH ~plit i11to ti<Ll di<\uueb. 

Background 

The <letrc·tor background maird.r ('ousi&ts of 111·o rompll llL'llts tilt• dilru~" ~ky hackgrr.nlld 

11·hi ·h eut('rs thrnngh the collimator as X-n1_,. ·. 1111d till• iHit'mnJ lw,.kgrollnd whirl1 aris<'h 

from in((·mrt ion~ bN \\'('I'll r11dial iou Or part iciC's in orhiwl C'nl·ironru 111 with t lu· d<' l<'l'ior 

or spacPcrart. Sincf' PCA docs JIOI prodw·t• <'otll ill I lOlls mt•asnr. ·nwltl~ oft Ill' harkl!,rnurld , 

it relirs 011 a utodcl backgrou11d. 

Figure .J.3 shO\\'S the total lm('kground Slllllltll'd m·t•r all :) PC'l d• •lenors <lltring 1 h~ 

oh~('f'Vat ion or :\Irk .JOI in 1!)9 \lay ('i 8). Thr nppN Iiiii' inrlnd<' pillllfJII ('OIIIIts frtHil 

the source, for comparison. Li11 featnn• arc pr<·&rllf dul' to .\t·- L rsr-ap<· piliJIOils, cnpp•·r 

fluor •scC'UCf' (primarily front t lw ha kplane. and c·otH'('Ill ratc•d i11 t he• t h.ird layer ), 1111 fla!'\!'.<'d 

calibration CYPnts, <Ulcl a <'Oiltribution wl1ich appl'ars fo ('OIIW from rr·sidnal <wli,·it .l' in 

the coll.irnatnr. The• hackgnJillld typir·all_,. ,·aric. l!elwl'rll l8-2·1 cl~/s/PCU. Jn pnwlir-P. 

the 1110. f significant ·ontributions lo thr background are tkpr·nd('Jlt 011 fh<' local particle· 

cu,·ironml'lll of liJL" !->atcllitf' and thf' recrlll lli&tory or pHSSfigc• rltrnug,lt S.·\A : the prt•M'''"'' 

of hark Tound .-ompour11ts llft•·r passage through I ill' S.\.-\ indicates that som<~ of thC' 

dctrct r or spnrc•naft IJl'conws <'ldi,·ated. 

10.00 
Mrk 501 (!998 M11y) 

~ 500 

~ 
~ 0 .10 

0 .05 

10 20 50 
f!nerey (keY) 

Figun• .:J.3: TL .. PCA ha.t·k~;rmuJd vPr"us M>\li"<'<' plwlo11 l'lllllft.s fr1>111 Mrk ~Ol (fH>lll I 098 lvh<y 

oL:-:;.-~rvatiou). Tlw count ra.t.t' of 5 P Us an~ :.'tltlllllt'cl. 



G2 C'HAPTEH ,j_ 1.\"STRDJE.\"TS 0.\"-130.-lRD RXTE 

To 1nndt ·l thP lm('k~roHucl. it is ill'.~mnN] that lh\' inlc•mal background Htril'. ' on a tim~ 

~r·aiP whi,.h i~ Inn~ <·nu1parNI I(> 1lw H>lluraltinw-H·a lr· of rh" PC\ Slan t!ard-2 d~lu (lG 

sc·c·). Tho• dc·~i::~u is 'ildi thai tht- wodt•l n111 lJ(• ('Yalu;ti('rl OU('f' C'\'('I'_,·JG SP('OildR. <tiJ(l that 

1 IH· •'qllil'iilc•ulol' a S/al/llnnl-2 dar" fill' can he C'l'!'iilrd with ~rparat(• infonnnl iou liu· rach 

dt>IN'IIor nut! ea!'h ii ll Odr rh11i n. 

Tit<· 111odo •l<'d lmekgroHud . pcclnllll c·an be baH·Ll 011 parlnnelcrs nwa. un•d at tlw tiu1e 

nf tlic """"rntliou. paramdc·rs drsaihiug lht• I'OH<Iition <lllcl position of the >-]lf\C'\'<Taft. 

:Inc! paraltlPI••I'" dl·~n ihiug tlw e\·olnt ion of I ht' spacecraft. PC.-\ background mode• Is 

lm>Pd on tlu'hl' fliil'illlll' tf'l's han· hcc·n tOIIhlruclc•d in two \\'il~X usi111!, dal>t from IJ];ulk -sk~· 

ol>'r ·n ·al iollh <llld using rial a from pl'riods of Earth O('cult<ttiou. The models based ou 

lh<' lcw;d pitrtirl<· Jl>H'IIlH'Ier~ an• roll tmrted nsi11g dHta [rom ouly thn&c &p<lcc·c-rafl orbits 

iu whil'h ih<' S.\A-induccd acti,·ntiou is ~lll td l. Sonw of lhPSC' dnta ar~ st ill ~i ,~nific-anlly 

t'I>JJIH!Ilinall'd b~· SA. \ -iuduccd acli,·ation but thi~ cOliiiUllinali<'ll C<Ul llr later rrnwYcd b~· 

an <i ]lfli'OJiriatf'l,l· C'tJIJSIJ'U!"tcd !Dt>deJ or t!Jf' llcti\'a l ion tOIIlf>Ollf'nt or the hackgroulld. 

E lc t r on Co n tamination 

Til(' hal'kf.\IOUIId 1nnd,,b ;u·c paralflctl'rizc•d in I Crill:, nf 1 artidt· rate. 1n nddil iou to I he 

l1ig, li CIIPrgy pro1o1JS aud ion&. low energy cl drOnb ma.'· al:,o lose their l·nerg_,· wil11in I be 

dt•l('l'l<or. Ell'('trons with sc·veral tO~ or ke\' IUH.'' ('Oilll' throngh the collimator ;1nd 5lop 

i11 I ht• lir~l Xe layer. The rate ol' prop<lllC pln5 lir~l layer coincidPnces mca.,urr•s :;uch a 

pnpnlation. and 1\'hil· these e\·cnl arc" tot·d. I hi' ra tt· can be u~ed lo scrc<' ll periods 11·h n 

lltt•n• mnld lw incrcnsl'd backgronnd. for ia,ta11ce clue tn I hl· same· elcnrons fluon•sci ng 

1111• rollinwwr. F\>r the r ·liabk d<1ta r~dur-tion. W<'. cn·en tiH' d<1la 11·lien the eil'f'tron rate 

i., 'ignilin1 1dh· lligh. 

5 .3 HEXTE 

rh<' HE.\TE {IIi •h ElH'rg,1· :\.-ray Timing Exprrinwut) f('a tnn•s a lnrgc an•a and low 

ha~kground with a I degree lield of \'iC'\1' <·onlign<'d with til PC.-\ !iC'Id of ,-i~"·· Ei!).hl 

"P hu"" id1 (:'-' ni+C',J)" dl'lt'c·tors art• nrranp,<'d in tw dnsiNI'. C'nd• of IYhich rock5 on and 

nil' ilu• son1n•. Thi~ a111l automatic gai n r·nutrol ror cadt of tht' ei•ht d -·tectors tog~ther 

Yil'ld a \\'f'll dt•lrnni1wd bad' Totuid whid1 pNmits the• s p('c·l ralmcasurc·m('nt s of a faint 

~OiliTC' ( J 1nC'rah) ill 11]0 k~\· iu ahour 1 dn.'·· \\'<' stunnwr.i zr the design paran1eter~ nnd 

JH'rltnlliilll< '•' of li E.\TE in TaiJlc· :i.2. 

In I his llw>-iF-, IH>wt•n•r. \1'1' dr, no I \1~<' II E.\TE dal a for sf>n•ral reason . Fir;. I !1·, a lot of 

ca lihratio11 prohiC'nJs still n•mniu <tJHlntak<• tlu• analysis re~nlt" qnit e uucer1ai11. Sc' tondlr, 

-
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1lie l,,·piml <'Xposm'(' for RXTE oh>ot'l'\'iltion (~ I k'<•<·) IYas too sh011 10 .' icld tiH' hard 

X-ray H]H'drum at > :20 kl'\·. Thirdly. :X-ray &jwclra of TP\ . hla t>~rs ,.,·oln· ~ignilicnuth­

dnriug tb<' ohsf'I'Yation. llt•nn• \\'<' eanncol :<IIIIJ o\'<'r fliP phowus oiHaiul'd in dilli•r<'nf 

ep(lchs. T0 8('1' I hi~ Jli(JI'(' rll'arly. OUP l'XHIIlplr- or IIIC' 111:::\TE ~p•·ctnlnl tlr-ri\'C·t l frnlll ()() 

kser intC'gratio11 of data i" givt·n in Figure F . .t. 

5.4 

Tabl<' 3.2: DPsign paralliC'i.<'rR >utd JWJ'formancP uf R.'<TE 11£.\:TE 

Energy 13mul 20 - 200 kc \ · 

Enl'l'l\)' Rvoolutiou :<;; 18'/c at GO k,•\ ' ( F\\'U~l ) 

Tilll(' nl'::.OI IIliou 10 ,, M'(' 

.\u!\ular Ro••ohnion l d<·grce (F\\'TT~l ) 

D<"tn·tor:i 

Colk<:ti1 1 ~ Ar<.•a 

Xt•t :\n•;t 

Se!tsili,·i ty 

Da<.·k~muud 

Tt'lt•uH·try 

ASM 

2 ·lu st<·rs of Nai(TI ) >nHI Col(Na) plu"wid1 nuits (~) 

I GOO clll 2 

1200 l'IIJ2 (at 30 ke\') iiud 300 nu 2 {at 200 ko•\ ') 

1 UJC rab (!l0- 110 h•\ ': 3 o for 10:' ,,., . puiuliul-() 

100 lllC'ral. 

5 kb/' 

The .AS\ 1 (All Sky \ lollilor) is thr ll'altltdog th~t al0rb XTE to Jlan'H niJd rhaug.·~ of 

~tate w X-my sources. Il cousi~ts of three rot;tl in • Sc"'lllling Shadow Canwras (SSC) thnl 

can snu·, about 80 % of the sky in DO mjnules. The• cnmr·ra is sensitiH• ln 2 - I 0 l;r·\· 

X-rays and han" tb reP <'ner y cil!lll ll <' ls. Tlw cam r:c~ pro\'idc• ll ll'asun•Jnf'ul~ of inlr'llsilic·~ 

of about 13 luto\\·u cel<'stial sourcc·s in a day and r·a11 u10asur" th<' position ,,r a !ll '<' \ 'iuu~ l .'· 

llllkllO\YII SOli IT<' \\'it h a prec ision or aiJ \II 3'. 

5 .4.1 Sy stem D escript ion 

The .-\S\1 con~i~t" of lluc•P St;Utning Shadow CanH' ras (SS ') on onr mill I ing boom with 

~ totaln!'t efli •rl i,·e area or DO t 1n2 {1 0 cmt withoul UiiiSk~). Fi~ntr• .j .. J siJC>Wfo sdlelll<il ic 

'·iew of th ~ scmbly nr ~li:;doll' tauwras a11d I hri1 ~r·a.u rlirt'd iou r;. TIJ<' d!•sigu pamuwters 

Hllcl pc1 rorm~ucc of AS\ l :.r<' Sll lllllllll'iZerl in Table .).:! . 

Each SS · is a OHC-dinwllsiomtl "Dic-k€" ca111<'ra'' t'o11sisl ing of a J-dilllt·•nsi<miil mask 

<liJ\1 a 1-dimrllsiona l posiliou-scu,itiw· prr;J ortioual r·ouulc·r (Fi~11re .). I). Dl'nmsr of illi' 

lliask (·slit') ahm·r· thr proportional C'OIIlltc•r. tlw X-rays r·r11nin::~ li·ow difli·rr·nl din·ni•·u~ 
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~honk! lllakr• difl'en'nt imag"; ou mtodt·~. "'Liclt i~ tile priuc-iplf' of th<' Sh.adoiY Cnmern. 

Thf' grof.S fil'ld nf l'i('W of a single sse il< c;o X !)()' FWH\1. nntl tlw angular Tesolul iou in 

th n~rrt•W ( iuwgiug) dirt•c-tion is 0.2 d gre~". 

. \ 1noturiz<·cl rlri1·c "·ill rotntco llw turt•c SSC's frolll fi<'ld to held .in Go strps . .At carlt 

rt>~linl!, po~ition. a~ l()(J ~<·,- rxpo~ur of th<•X-n•.1· sk.1· "·illlw nwtl: a complct<· rotaliou 

is I hits t·ompletcd in 00 minniPs. Sill('P the ·crus. <'ci-fidd dt•lr•d ms· an' otcppt'tl h1· on!:; 

tiJ<' G" F \\'11 \ 1 anglr•, ral'h sou rr· ·is ,·ic11·rd Lll·i('('. Jn thiA mru1uN, oad1 source gin•s rise to 

the t·111 ire llJask pall ern in Lhe <.ltruinulatC'd data. thus minimizing aliasing 111ld si<k hands 

in 1 llf' dN·<•Hvoln•d n'sltlls. Dming rarh rntalion, ~ 80 % or t h<· ~k.~· "·ill bt• "ll l'l'rycci to 

a dPptlt of~ 20 mCra!J (about j() sources). Frcq•t<'Ut· spacr·rraft maneuvns will mak<• 

it likPI.r I h<11 lOll 'X or thl' . ky is . mTcy<·u each day. lu ouE> day, tl10 limitiug sen. ilil'il.1• 

iJf'rouw' S l.O mCrab ( ~ l::i ~ourres). 

ALL-SKY MONITOR 
ASSEMBLY 

(3 Shadow Cameras) 

12• toe ou t 

S:UAOOW CII.ME.ltA ( l ol l) 

Figure ,j,wl: left : ... \JI -Sk_,, ~ lonito1' a.:-.<,t•utbly of 3 SlntUow C<lllH'I'n~. AS~f ~l'au-., 0 'Jr. of the :-.h.')' L•n·ry 

on tlli!IU!t'S (() IIIOUiHII' dtt· int<:tl ::t il." of t1H: hri~Llll':il 75 X-n:t..r suu rn::-; Hlld to J>I'U\'idl' <HI Rh:n if~~ ~uun:(' 

dtHII~(·,..,. ~t a.l<.• or hri14ht1w:;s ~~~~.ld tuly. Thi~ a.llow~ th(' spi:l't1t'nift to bf· IWUH'UH'n'd to olls(.•n·<: whlt III(H'f' 

flOW('I'ful rC' .-\ f i'IL 'TI: '-"''"'"'· riqill : l!iJtlow Cmwra I 1 vf 3) or .Ill Sky Houitor. Each sse b " 
::-call·d pwponioua.l ronu~t·r tillt·d to 1.2 atJU with Xc-C02. ~Hid S!.'U::.itin· ckptlt of 13 nnu. 

.).~ - AS.H 

Table J.3: DPHign parall!!'(t·r., and jll'rfonllnllt' or RXTE .\S\1 

Eut•rgy Dnud 2 - Ill kf•V 

Eu(·rgy Bl':;oln tiou ..... ~()tA iu 2 - 10 kt' \ · (3 t•ut·r,.;y dmuut+~) 

Sca.u TinH: 90 111iu: 80 1k of tlw :-oky fWr nrbit 

Angular Hf•:iolurion 0.2 degn'(' 

Poiorltjoual ftesolutiou 3' x 15' 

D•.:rN·tor.s 3 Snwuiu;; " l1adow atu(·r~l~ 

C"olkt:lill~ Ar<.·a 180 {'111 2 {willtt)ill Ulil!-..ks) 

Nt•t .-\rt~l 00 nu2 (3 d<.'l<'l'tor~) 

S ~ n~iti\·ity 20 111Cra.b in DOwiu: ~ 10 rtlC'nil.> iu '' da.\· 

Ttlt·uJI'tl'." 3 kh/> 

5.4.2 R educt ion of ASM data 

The po:,i tion hi~ I ogrmns arc analyn<·cl in tJPar-real tin•~· in the 'denct' OperH I inns Facil­

ity at ;SFC. The data is first fit with I bE> modi'] rr'SJWll~<'s or rndt SSC tt, the nd n­

logned bright X-my ~ourc •s 11·ithiJ1 the li..ld of Yi<·w . .-\ lin e>~r least sqnar s ralcul;ttiou 

yicltls lltc sl.rengthR of each of lht'sc· sonrres. :>~ext. tbc• fit r0siduals a n• examined l'i" 

a cross-corrclati n tcruniqur for c1·iclcnc or prel'iousl_,. unknown or uJwxper-l.r•dl ,,· bright 

SOlltTe~ . \\'Jwn a ne11· source is fouud. il. coonliu ati'S nrc• eu t red intt1 lht- ;.outw• rnln­

log1te. For cptick- look aualysiR. tilt• clitl a \l'ill l, c perfonurtl ua a clwPIJ-hy-<lwcll nn<l SSC­

by-SSC basis. For tltr definili1·c mtalysis. tue an>Liysis will bt• pt•rfonn<>d simullau<:'nuRI,I' 

Oil dflla from ll ighhoring dwell~ and [i·om multiple camen~>- ThC' resnllaut AS\J light 

curve. an• Op('n to public anti Oil<' tau obi ajn the d>lta ' ' i<l on lil t S('tYir<' fnr 7.5 st•urrc·s 

(htlp:f /Rp<tct·.mit.edu/XTE/c~~mlc/ AS:O.I.html ). 



Chapter 6 

Observation 

6.1 X-ray Observations with ASCA 

\\"<> ana lyzed data from :J? ASCA obscn·ations of f ur Te\' blaznrs n~ li$lt' d in T<Jilk' 

G.l. The tota l uet xposur >llnounts to 340 ksec for :\ Irk 121. 1()[) bPc f r :-. Irk 30 1. 

2Hl ksec for P I\8 2133-304. and 60 kscc for I E. 23-1-1+314 . Th<> obscn ·ationa l log rnr: 
ASCA oh~crvati HS aTC' howu in Table G.:.. - 6.3. Ohaermtinn epoch ol" ft"ll" Tc\· !; lazar" 

are schematically shown in F.ig·urc G.l. 

T lt · clat ;1 ,,.,. nnalvzcd in this thesis coHsists of rLe data taken <1C<"onling to our proposa l, 

mtdl he datil btken during lh<" Perforroane(' \'~ r ific-al ion (PY) plwsc. For all nhscr\"a tions. 

tlw SIS was opcr"ted in the faint modP f<w hii -Higl t and briqht mod<· l"or bit -:-. !(·dium 

(s (' a \Ro !:i 4). ln all observation~ . except for ll.tose takeit ill IJt (' PV pha8e. soHr(·(' pos itions 

IH.'re placed in tlw Homiual position of 1-CCD lllOde <tl dtip I and chip 3 of SISO mtcl 

SlSJ. respectively (Figure -1.6). Th G IS was v]wratf'd iu ['}[ t.nod , wit!t s l a11 tl:trd bit 

nssigllln <'nl for all obsnvations. For the vbsr•rvariom; iu til(' P\"pbas~ {l!J!J3). t!tr SfS wnr, 

O]Wratetl ill ..J-CCD motif', ami the cas was operalcd ill PH mode . 

.\ [ost of ASCA ohser\'at ions lislE·d in Tal h• G.2-G.,J arc (·onducl<'d s imultaneously 

witl t the EGRET dfl('cfor on-hoard t !tc CGRO >H t>l\il r audfor Whipple gronnl-basetl 

.-\tmos p!t rit Clterr11k01· Tek~copc. CGRO nbsen·atinus las ts tvpic-ally two wcc•k.<: aurl 

the hsC' t"l"a ( ions by Whipple laf'lh s<'l·eral ho11rs p<•r night. ObsPn·at ion~ wit!t Clwl"l'u km· 

Telescope 1wrc perform d ·iu dear nights "·ithout btig ltl mnott. To C(JI"Pr t]Jc Ra tut' time• 

dnntl inn wit h '< -ray df'lectors itt I hf' X-ra_,. ba nd. ASCA obs ·rYatirm" ll"t'rt·ltsual ly cJi,·idPd 

in i o several short litn intetT<Us ( ~ J 0 ksrc) duriug llt<' tttnlt i- [re<JU<'IIl'.v u iJ~r·JTntions. 

<'Vl'pl for the ·big' (",llllpaigu of :-. Jrk 121 tondnr l<•d in l!JOS. 

Gl 
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Tabk G. l: T .. \- h!azars ohscrvPd "i l!t ASCA &: RXTE 

Sr,urn• Oth1•r Po-.itiou (J20llfl ) (Gala<'lic Co-ord ) l a y r;al ,. 
" 11 chts~ J 

)J'auw H.-I DEC I " [tl L] 1' 

1101+~8~ ~ Ir k 121 HiG. II :l8 38.208 119.832 65.032 0.031 U5 l:lllL 

[3.8.>3) 
1G:J2+398 ~ I rk ;;Ill 2}3. 16/G .J9./G02 G3.600 38.8:i!l 0.()3·1 L/3 HI3L 

[.J.229] 

21~3-30·1 PKS 329.1109 -3().2236 17.730 -~2.2~0 O.lll l.i7 HI3L 

[l-1.72] 

23 1JHII I ES 3~G.ll02 51.70GO 112.891 -0.90 0.0-1-1 lG.O lffiL 

[5.-181] 

11 t't·tbhift of lil t• -.oure(·. 

h lt11H i 1 1 o~it~' dibtHnce in rile unit.:-- of 1026 t ilL T l1 c l:l.uJ.,blt· nl ll ~ranl is as~uTn(•d to bt· J-/o = 75 km s - 1 

'"I"' t 

,. G~l l ttC'tir ,·olnwu dl'u ::,ity in t.ltC' ttui us of 10:!0 t·Ju- 2 • Elvi~ et al. ( 19 9) for :\Irk .-121 <t ud ~ll'k 501. Stru·k 

,., >d. (1092) for J'KS 2155-30 I "'"I lES 23-14+514. 

d II IlL: higil -fr c.·qurm·y- pc.:ak(·d BL Lac objn·tx. For n.wn· dt:ta il. ~ce ~ 2. 

1993 1994 1995 

I I I 
' ; I I I iiiiiiUI' J I ~~t~.!. . ' 

I I ! 1111111 1 
I i 

j. 
I I ! l ; 

Mrk42 1 ! I ! I l ; I I 1 I I I I I 

...... J,.I! 
I J 

I I 

I ! ! .i. I I . ~:l' I 
I ! I ! I I I i I ... ! ..... -..... ~ .... .... j ..... ; ..... 

I I ! 
I ' ' j I I i 

1111 1 ! I I I i 

1 ... ~. illll 1 

I i 
. 

.... 1~~~ I 
I i I ! 

i 
! I I I 

I i I . Mrk501 

I I ! ; I I I 
J 

I I l f ' j 1: I' ! I I ! i I 
.L .... L .. L .. L ... .i. l I I 

I 
I ! i i 

j ~.. 

I 
~ 

I 

I •I I I I r 
I 

I IIII i i Ill I I 

I I I I i 
j I ' ! ! 

PKS215t I I i ' I ! ! 1 I 

L.~I]! ... L .~. 
! ; i 

! 

II ! I I 

I I I Jt l -304 I i I I i ! I ! .... L..J I ! ! .............. 

I 
I I l 

I 
I ! i I 

t I ! l I ~I ! 
I ! 

i 
i I ! I I 1ES2344 I ( I 
i I ! i I 

I 
i 
I 

i ! i +514 ! ! I i I I I ; ! 

I I l 
I ' 

I j I I ! ! i ! j i ! .L. ! I i ; ; ' ...... ~··· "" ·· 

I 1 "i 7 " II I J .-. 7 q II I 3 5 7 9 II I J 5 7 9 !I 1 3 ~ 7 9 II I ' 7 9 11 

• ASCA 

~~~ RXTE(PCA) 

RXTE (ASM) 

F'ig11n· G. l : Ohst•rml io11s of fo11r T,.\1 1.\azal·s wir.h ASCA & R X TE . blu.dc: ASG'A oh~l·rvatious. 

,<!~"" .11 : RXTE [P /\) o bs<' rvaLinu.<. Arraws: RXTE (ASM) o lJ"~rval ious. 

- - ' ! 

GO 

Tallie G.2: ASCA ohs<•rvati"n le>g uf ~ I rk ~:!1 

Sourc~' Na tll(.' Start ( l"T) E11 d (L' T) I:xp. (ht•t) S IS wodt• (J (' D IIHHif' 1' 

SIS GIS liil 11 /~ 1 
i\lrk ~21 1003.0~.10 03:2~ I 093.05.1 1 113: lT 38.8 ~2.8 Ff13 0123/23()1 

199.f. 03.1G 10:0~ I 99-1.05.1 T 08:06 2!),.:; 38.9 P/ U 1111f :l333 
IO!l5.on.; 19:tG l!l93.04.2G 03:01 9.3 ILl F/ 13 I lll / 333:1 
1095.0-1.28 ilG: 18 1.99.5.11-1.28 1:l:S I 8.-1 9.3 F/B 1111 / 33:n 

I 990.04.29 I 1:23 1993.0-1.29 I :3() 1 u; 12. 1 F/ 13 llll j:l:rl:l 

1095.0-3.01 07:-16 1995.05.01 15:32 99 10.3 l'/13 J II 1/ 33.13 
1995.115.03 11:12 I !l95JJ5.03 I 8:-15 IIA I L.; F / 13 1111f:J3:l3 
I 9%.05.05 13:52 1995. 113.05 23:5 1 IL2 LL5 F/13 1111/333, 
199J.05.06 19:05 1995.05. 07 03:0 l 11. -1 13.0 P/ 13 111lf3:l33 
1095.0,3.0 OG:07 1995.05.08 13:21 I 1.5 12.4 r;n 11 J L/3.1~3 
1996.12. 15 18:37 1096.12.16 00:5 1 10. 2 11.5 1?/ ll 1111 /3331 
1997.0,1.29 01:~5 1997.04 .29 08:00 10. 1 12.3 f/U II 11 /3333 
199/.fl-1.30 01:35 1907.0-1.30 0<:5 1 !1.7 .ILl F/13 uun:n3 

1907.0J.O J 20:34 1997.05.02 0-I:OG 11. 13.3 F/ 13 1111 /3333 
1997.05.03 03:23 1997.05.03 10:3() D.5 10. ·1 F/l3 1111/33:3:3 
1997.05.()-1 0-1:15 1997.1)5. 0-1 11:5() 10.3 10.9 F/ U I 111 /33:)3 

1997.0:i.OG 01:37 ID91.05.06 08:32 10.5 ILG r/13 1111/3:133 
1997.06.03 00: I 2 1 D!li.OG.03 06: 51 10.2 IJ.J F/13 1111/3333 

190 .0-1 .23 23:08 1998. 0-!.30 19:32 ~51.-1 280.() F/13 11 I 1/33:33 

0 "' 
/·'au/1 mode. ll: IJJ·ight modt·. 

b ('(' I) chip I 0 for SJSO/ l . ·J IIt /:t n;r rPprt•$Cn1S nominr~J 1-C\IJ 1.nodt', whill• ·OJ1:t f 1:IOJ • Ulnuminal ..J -CC ' IJ morlv~ 

Tal!e G.3: ASCA obs(·rvalion In of .\ Irk 301 

SoluTe Nmnt• Start (UT) Eud (UT) EXIJ- (ks<·t) SI S II!Odl' c ·o uu)clt_· 

SI S GI S bit"H/~1 
~Irk 501 1096.03.~1 06:01 1906.03.2 1 12:01 10.6 11.5 F/ 13 1111 ;.13:~.3 

l9Q6.03 .26 112: 57 1996.03.26 10:01 10.8 12.() F/B llllj:\333 

1996.03.27 16:52 1996.03. 27 22:41 lO.G lU ~-;u Ill 1/3:J33 
l9!l6.0-L02 l 6:35 199G.O-L02 22:21 li..S 12.3 f/B 111 1/3333 

1998.07.1 8 J 7:52 1998.0/.10 04:11 16.1 1<.9 F/13 I II l /-33:)3 

19!) .117.20 19:14 199 .07.2 1 0·1:-10 15-~ 17.0 F(B llll/3:!33 
I 098.07.21 20:45 1998.07.22 05:21 13.-1 1 ~. 6 F/U 1111/333:3 
19!)'.07.23 ~ 1 : -1 1 1998.07.24 OG:-13 11.6 17.0 F/U 11 11/33:33 

6.2 X-ray Observations with RXTE 

\\"p anal~-zf·d dala frum 287 RXTE ohRI·rvatinH~ ,[ lim·•· Tt·Y hla7ars as list!'d in T>~hl<" 

GJ ( no ol ~,,n-ation l(>r lES 23-J...I+:il-1 ). T!Je toral IH'l l'X[!O~ I Il' (• ll"aS I .:; he·<" for :\ Irk 

a .. _ 
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T~ble G.-1: ASCA obspn·~ t ion log of P l\S 2133-30~1 

Sourt't' ~allll ' Sllu-t (l"T) Eud ( l!T ) Exp. (k'<·<·) rs 111od<· C'CD llt odc 

SIS GlS bit ~H/l\ 1 

PI\S 2D)-30-1 1003.0;;.03 20:30 1903.05.0-1 23:5-1 3-1. 3<.3 f / 13 01 23/231)1 

199-1.03. 10 0 1:38 1994.05.21 07:56 8-1.8 06.1 F/ 13 1111 /3333 
I 0%.0).22 03: l-1 I 00().05.22 06:20 .t.:) 5.2 F / 13 1111 / 3333 
199G.Oi . ~-l 0-1:1:; l0%.05.24 09: 10 V.5 11.0 F/13 1lllj 3:l3:3 

10%.05.26 1():31 l!J!JG.05.26 22:07 10.9 .11.7 F/ 13 1.111 /.3333 
1096. 11.14 08:-lG I 906. I 1.1-l 20:20 18.2 20.G F/13 llll/ 3333 
J 996.1 l.J 5 09:23 1996.11. 15 20:-11 LS.G 20.9 F/13 1111/ 3333 

TaiJir 6.Zi: ASCA obsetYation log of lES 23.W+31-1 

Sonl'f..'t' Naill(' St<trt (UT ) Eud (UT) Exp. (k,cr) SIS IIIO ti<- CCD utod c· 
'IS GIS bit -H/~1 

lES 23-1-IH LI 1997.01.l0 10:31 1991.01.11 15:10 36.0 39.8 F/13 llll /3333 
1907.01.23 05:09 1097.01.23 09:30 lU ll.G F/ I3 llll/333:3 
I 907.12.211 23:~2 1091.12.21 0:):-11 11.3 12.8 F/13 llll /3333 

-12 .1 , 23.1 l;s('c- for :.Irk .j()l , and 2.j:J kscc for PI\S 21;}3-30-l. Tlte detail log of RXTE 

uhsen ·a tions is gi,·c·n in .-\ppc·ndix A (Table .-\.l-.-\ .. 3: :.Irk ·121 .. -\.4 - .'\. .. j: :.Irk .j()J. and 

.-\ .G- A .8: Pl.,:S 21;}0-304 ). Tltt•!arg<' dfettivr area of lit<' P C.-\ Pllabl<'s u R to ohf a in higb 

qu a lit)· spc•drtnn wilh rrlaliY<'iy short obsen-ation lime (sec§ J). Typic:fl] exposur e for 

OtH' pc;inting is~ 1 ksrc, ami 20 k '<'Ca l till• l on{,\e~t. Thus tlt r pointing directiOll C<lll be 

chnu gcod [rCt[IWHtl.\~ t>n·H within n day. 

In IIJb th ~i~. we a nalvz('c[ clnta lak('ll accordi-ttg to our proposa l and data sets from 

1h e I?XTE pnblit· ;nchi,·r. \\ 'e ct1rricd ont 11 obsNvations of ).Irk j()J iu HJ!J J. la_,. ( tWl 

c·xpos url' lilllv of GO kst•t·). Por tlw arr hiYa] data. wt> nsed t il ~ data obtainPd [rom April 

]!)!)6 w .Jaul tat·)· lD!J \\'e did !IOl use t!Je data b<'for Aprill!)!JG. b rausC' the- rr•liaiJic 

I at·k[!,runnd modd lw& unt [, ,.,,n nvail<1blc for this period 

( fur II lOr<' dr1 ail, Sf'<'. In t p:/ / lt easn rr.g~fr.li<Wt.go,'/docsfxt<-/pc;ut ('w,;.himl ). 

]u ;11ldition to I he data tak<·H with th<• I CA and H EXT£. lilt' .-\S\1 dill a m·e also uM•d . 

. \ S.\1 ~~n u~ , 0 'X of tilt• ~ k_,. in c· ' ·"r'· !Jilminqlcs to monitc>r tlw inltn5ily of thr hrig lil c>t 

~~X r<t,v som-eeo. Four Tl?\ . hlaza rs ~ rC' inelttd <'d iu thP 1-i>t and cons umtl.v tnoni1un•d for 

111un• llHur :3 n·a r~ (ou iY :! .wa r~ clala an· a,·;tilable for LES 23~-1+~14) .. -\lthoHglr .-\S:-.1 

data io aqiJa hl 11·illt a lilll<' IC'~u lntion of DO miJJUlCh. II'(' bi111wd til<' data into 01J('~da_,. 

hci'a U~<· of tlH• low pliolt>n ~ I a ! i~l ir·~. 

6.3. L\'0!\ ' IDT.'AL TJ\ HGETS 11 

.-\11 I lw PCA data a na!Yzc·d in thb t lw~ib IY<'rto 1 akc' n h.' 1ile comltiunt ion of strnulo rrl- 1 

mock , slamlard-2 modr· , Good.\' tllolll - 16s mode aud Gonr/X r 110/l~~ J ()., tll c>d<' . !u Lhih 

c·omhinati n. the dab1 extra1·1 l'd [rom .,fonrlon/~ 2 mode•. wlti.-lt lt as a time n•solnli u o f 

1G sc•c . art' ~uHicic•ut for tlw t<'tllpo ra l and ·' Pt·ttral a nal~·si~ pr<'sc•n! NI in tlti~ tilr·~is. \\." 

a lw 110!e that we do uot li SP the· H EXTE dat !t for IIJP nnah·si~. a~ \\'P tiH'llliour·d iu ~ 0.3. 

6 .3 Indiv idual Targets 

Mrk 421 

SillC(' the launrh of ASCII in 19!J3. W(' havr performed ex tCJh, il'e oh~L' lTilli II& or :.Irk -l2l. 

Jt spanued Jllore than five _\'C'<U~> from ID!J3 to I !)£)8 (Ttthhns lti t'l a l. ]!)!) 1: J. !)!J:J: 1 !)!) ). 

while ob. etT:ttions s pnun cd two 1·cars ( 1!JDG- l007) for I?XTE . 

Our obsernuious ~rl' b~scd on r"·o ditf•'r<'ul . t ratrg ic:;. FirBl appro~elt is t I! P roll lllli'oo .> 

obst'rvations for mon' t han J da,,·. wlticlt eu~ bles us uuint l' rrupt NIItl<>IJ itrJring of 1 inw ,,,.olu ~ 

lionnfblazar (109:3. l!J0-1 aud !DDS ubs~rv;tlim t .: Tab le 6.2). lu p;uticular. \V<' conclu~t cl 

intrnsin~ world ~ \\"itlc ' <uUpaign i11 .I !J98li·om radio toTe\' . D-udug tltis c;~mpnigu, EGRET 

ins rnmwut could not o l tain the d <tla clu!' lc> thC' cktcriowlion of tit<" delc·c-101' . UHprt••· r ­

d~!tl cd CCilltinuous f'Ov!'ragP in Lhe X~ra_v h~nd ll'itll ASCII s la rt <?d from 1!)98 Apri l 23 lo 

.~\pr il 30 UT. _,·iclding <l u 1 c·xposurc ,f 280 ksC't. 

Ser:ond approach is lhe s ltort obsernll ious of 8- 10 k~r·c whit! , ar<' "J1"ccd IJ<·•I II'C't'll 1 

to 3 days apart. s ud1 thai it con•tw lihc Ge \ )TP\' 1-ray obsen·AiioiJS. :.hiu purpnst> of 

this approach was to monitor long term slabili1)·, ratlH•r lhau tlw 5h trt lt-mt lwlta1·io ur 

{1D!J0. !9!)7 ol s n·ation. with ASCA >Ut d all RXTBobsc·I-valions: T~h i P A. l - .-'1 .:3). \\"ill! 

this approach. we s nccet•clecl to lJ<i,·e l1 ~intnllllJJe<>us obscn ·<tl ic• us in ke \ ' :'\ ra.v and Tr•\ ' 

~ ra_,. bands (~ee, Table G.l ). 

Mrk 501 

Obsf' rvalion in 1006 \Yen" dil·ick·d into four s horl iJJ!PtYab r ~ 10 h••c-. One or !()Ill 
nb,<·rr;ltiOlJS was clone simullanc,uns l_,. 11iLh EC:HET mrd Whipple (sPI' i>Pl<"r) a tld llw 

obsen·ntion in .199 was done ~imuliartt'o n~Ir with tlw HEG'R A Clten'llkm· IPI<·scop<'. 

'To im·<' ·tigat lhc rapid time variability for tillli sourr·1•. <rr rou lucled 2-day c-nur iJiliOil ~> 

obsernttiou in l!l!J8 :. Ja-'· i>y I?XTE. This is probablr t]t,. luup,r·:;t mntimtl>tts ohM'JTatilill 

for tl1is sou rce in Lite X-ra_,. <"llf'rg_,. baJI(I (Tabk A .~) - lu orde r to Ul('rC'fl.S ·tint a h>Ullpit·s. 

we f'X ( rae ted cla1 a sc ls from public >~rt:hiw- for l!JD6-19!.l8 nl ::.crv>tl ions. T !J i.s iJlrl ttrl <'~ t1 

RXTEdata timing I be ltis torit·n l highest bl<tt <· in lD07 .-\pri] to .lttl_1·. as wt>ll a~; lll<' quii'&-
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n·ut and the• intt'l"mrdiaf<· ;.talt' !,t•fnr<·/aftl:'r tlw liare. :\ lost of the RX'I'E ol se tTations uf 

:\ It k :.iO l haw• ex postm·s of~ l bf'e. T!tesr· obS<'JTntions W<'r€' separated ~thou t on~ day. 

10 nh~r· tTation~o ll"t'r~> c·c•ndnc- l<·d Indy siumlt anc•ousl.'· in kc•\. _\.-n1,. and Tc\· -y-nlY bauds. 

PKS 2155- 304 

\\ ·~ aual.nc•d tit" :;-my dat a o r Pl\S 2J:.i:i-30-l from 100.3 to 1908 uhsen·ati0us. \\'e 

ol,serwd I hc• smun' t hr<'<' times with ASC'A . ASCA obsf't'\'ation in 100-J was conducted as 

a p;tn or lll lllti-frt•qu e!I C"_\' t'<ll llpi\ign ( l inT L'l a l. 1901). The ASCA oiJSCrn tt iOll C'Oilfinurd 

fnr 2 day~ (Table· G.-1: 1\alaoka t't a!. 2000 ). ThC' obs('rqtion in 1903 was cmttim!Ous 

for uuc• ria)·. but tlw ~Ott tTC wM Pxt r<'!Tii'ly bright tha t a pari of the data is not <n·ailahlc 

bt·cauw of I itt' sal uro.diuu of tlw detectors. In ordf'l' to mouitor the long l<·· rm variabil.it.1· 

( >J' I It" SOtt!T(', tit <• obs<'n·atinn in l90G 1\';)S tJi,·ided in to 3 short iHtCFal" ( ~ 10 k~N·). 

For /?XTE ob. <'1'1':\l inus. ~~'<' used archiH11 data. Til(' R X1'E obsl' IT<~linn cowlu(·ted 

111 lDDG \ J ~y was a part of undti-(rf'quenc.v C'aropccign. Dmi.ng the campaign. RXTE 

\'(JUI iuuously ntauitored I hr so nrc <> for two 11·ecks (Tahir A. G). IDOl ohsc tYations w rr 

~l10rt in fitt H' (~ 1 ksec-). h11t recorded highest flux eve r observrd for tLi,; SOlll'C('. 10!)/ 

:\m·pmlwr observations HJ'C pa1·(],· overlapped 11·it h tlt e Ge\' (EGRET ) and TeV (Dttriwnl 

:\lilrli () C'h<·n•nkoY ic-IC'scopC') -,- r.,.~· c•bSC'tTnl inus. 

I ES 2344+514 

\l 't• coJtdur·t <'cl I hr r A SCA ohst·n ·atious of J ES 23...J.-1+31 ..J in 199;-. On e J!' which was the 

ob~P I'I'<Iti rw laRtrd om· d<~.r aut! the others arc 10 ksfT :;hurt o! JS<i'rvalions (Table G.5) . 'io 

!?XTE obscrnll ious Ita\'!' ht><'ll vondud<'d for this source so far. exn•pt for d!til.1· monitoring 

by lit<· .-\11 Sk.1· \ Jouilor. 

6.4 Simultaneous Observations 

6.4.1 X -ray and GeV -y-ray (EGRET) observations 

Till' l o~ .,r tnulli-[n·qurnc_v campai~ns IYitJ, EGRET in~tnnucnl is st m1ulllri 7Pd iu Table 

G.G. l3rn\ll f<P of tiH' Tda t i,-,, 1 ,. WP>tJ; emissiuu of ll 0 LH i11 I li e Gl'\ · ' l\ ~rg.1· haud. the sotuTe> 

c·otli<l uol be del Tl<'cl 1\' ifh ltip, lt ~ iguifica uC'i ··s (:2: ~ u) iu Sl'Y<'ral ohsc t'l'at ion pe?riocls. 

llmvr-· 1-~ 1' . \ Irk .J2l. :\Irk.)()] ani PK 210:.i- 30·1 w re ci<>t t-rlctl <II l ea.~ t ollCl'. d11ring tltl' 

ntitl l i-wal't'lt•np, th ull~<·n·ations pm euled i11 this rlt~&is. 

0 4. SI.\fl'LT-l..\EOL'S 0/3SERU TW.\'S 

Table• G.G: Li~ t of , itnnli ;\1\f·utL,, X-raY/ G<'\ ' ( EC:ll ET ) oi>Ht'J'I'III iou~ 

s(,.ti!T l' 

0J~LIU(' 

~ Irk 421 

1\lrk 001 

PKS 2155 

-30~ 

\ ~it•wiu}~ 

P..riod WP) 

~26.0 

·118.0 

516. 5 

017.8 

520A 

7tl2.0 

109.1 

EGilET 

SraJ·t ( l'T) 

!.r.nn•udd] 

9-10510 

950·125 

960321 

9/0~09 

000021 

971118 

980106 

ASCI 

Eud (L'TJ Dt•lc•t·tiou "! a 

[n•uundtl] [)')'liiC>idd/ 

0~0.5tT YES 9•105 16 

9:>0509 :\'() 950-125 

~ 9505118 

900103 YES 960321 

- 060·102 

910-11 5 NO 

96052 ~0 960522 

- 061)526 

011125 YES 

080113 NO 

6.4.2 X-ray and Te V 7-ray ( ·whipple ) observations 

JL'OE 

h'JIJiildt l] 

!l/(~109 

- \lltl-115 

%11521 

-96052 

Olll20 

- 911122 

080100 

-980Jt:l 

13 

The X-1'1'1\ ob. NvatiOJtS list<·d i11 T:tiJI<' G.7 w rv c·oucliwit'd ' inmlta!1f'rllt,Jy 1\-il It T,.\ · ob­

ocrvatiou ~ with Jlw Whippl ChE•reukm· ldesrop ·. F'or lit e hig ea111paign. w<' cnurluc·tcd 

iu .-\pril UJ08, ll'e obtained additional d111a front other tw, Tt•\' ' It rcnkol' lclcscojws. 

NEGRA and C'AT. "'o tiintullaneou" X- ru.1·(f P\ . o h~e iTat ion lt as be<' ll pr·rf<,nn <'rl for 

PKS 2150-30-1 and 1 ES 2:3-1-1+-:il ·L 
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Tai>l<' 6.1: Lis t of siumlt ;uwons X-ra_,-jTP\- ( Whip)Jic ) oi>s<·tTalions 

Te\'( Wh'J'JIIc ) oi)M'ITHiiOII ASCA TIX1'E 

St • ~tn'e Start Tiw1• E111l TimC' t-..iga.i fi n01 n .' Start (CT) 

.'i .i\111(' [~LJD] [HJ Dj " .D111111Jdd n,mmld [Ol3S-ID] 

~Irk •t21 505G7.15 50,101.2.1) 970-129 970420 (P203~1-0J-0-t -Ooj 

51).)0 .13 50;;68.2:; 910-130 910430 [P2034t-Ol -0·1-0l] 

50'>10.1~ 50570.:!.5 970502 910302 [1'20:1-ll-01-05-00] 
!j{)j'j 1.1.) 50511.25 910503 070503 [P20341 -01-05-01] 
00371.\j 50:iT-l.2.1 970506 9•0506 [1'203-11-01-05-05] 
50921.13 50921.29 98042-1 (980·124) t 

50928.22 50930.2-1 9 0-125 (98QL125)f 

50930.14 :i0930.28 980-127 (980-t21) 1 

309~1.1 ·1 .)003U8 980428 (980-128)1 
:,IJ932.t9 ::.0932.28 980429 (980.t2Q)1 

:;0933.22 5fJ932.2i 9 '0430 (980·130)1 

Mrk 501 51)168.38 50l68.-18 0.9·1 960-326 
-3 0-5-15.36 !iU5-15.-IG 10.32 970-107 [P203-10-0-l-OO/ 10-00] 
505~ .20 50545.30 11.85 01040 (P203l0-04-1t/ 12-00] 
:;o&-17.31 505-lfAI 7. 8 9<0-109 [P203-IO-O~- !:3/ 1-1-00] 
30550.33 ~0530.43 16.32 070~ 12 [ P203~0-0~- I 0/20-00] 
50!)3.1.35 '0551.-15 32.06 010-113 [P20340-04-21/22-00J 
50,)52.:)/ 5055 Ui 22.~6 910-ll-1 [P203~0-0-1-23/2•1-00 ] 

:;0553.31 50[)53.-17 19. :3 970-115 [P203~0-0·I-25/2G-OO] 

soss4.:Js 50554.48 21.24 970~ 16 [P203-10-0-1-27 /28-00j 
50570.29 50570.3!) 7.01 970502 [P203-l0-01-02/fJ:l-00] 
50513.:)\ 50513.-11 11. 0 070505 [!'203-l0-0 l-01 / 08-00] 
;-,057·1..'31 ~11.'i7 1. -ll 1-1.52 970;i06 [P203-IO-O I -09/1 0-00] 
50515.2:l ji).,;~_3J 12.01 910507 [P203-l0-01-ll/12-00J 
ii057G.:lO ;,O:i7GAO 21.50 970508 [P203~.0- 01- l3/l~ -OOJ 

.)0571.28 .)0577.38 40.5~ 910509[P203-JO-OJ -15/1G-OO[ 
50582.27 ii05S2.37 8.62 910-31 -t [P20:340-01-2ii/2G-00] 
r, mJ5!l.~9 5095!)..3!) 2. G 98052G[P30219-01-01-0-lj 
'09611.29 ~1)060.3!) 3.!) 010527 [P302-IO-Oi -Oi -OGJ 
5111\:l.l/ 5101:U7 3.1 l 980/l!l 

1: RS1'E obN~n'illiou:-;. w~.·n· n111d1tdl'tl. but dtlti.i <UI' uut il1 arc hin·. Tht·~t· n•:-.ttlts art• not showu iu til~ -

tiiL':sis. 

Chapter 7 

Analysis and Results of ASCA 

0 bservations 

7.1 Analysis 

7 .1.1 D ata R eduction 

\\·r reduced the dat a using tile anaJ_,·sis sol.'twarcs . upplierl by tile AS A Gucsl Oi>st·rwr 

Facility at the )/:\ SA Goddard Spac-e Flight Ct'llll' r (C:SFCJ and I he Ju., titult' of Spar!' 

;utcl -~~<tro nautical Scienc-e (ISAS). \Ve first se!!-c·tecl the data by flu• orbital couclitious nf 

t]l{' satellite . The min.iumut r!evation aup,J, [rom thC' Earth·~ linth is 10 and:; tlegrl'C's for 

the SIS and the G IS. rcsperliwJ_, .. Til<' miuimuu1 c-ulofl' rigidity i~ G C:r·\ ' jc. \\" f'xdudpd 

th(' data ohlaiuccl rluring tile pnssag<' thrcntgh tilf' South .-\tlauli<" .-\uo111aly. For thr· SIS 

data. W<'seicc-lcd the data ba.~cd ou lb •crileriou Lltat thc' allg!e ht·t\\'C'<•nth<' t;n <'I HHCI!lte 

illuminated E:uoth's limb is iargt·r tltm1 20 d grrc·, to av riel the r·nut;uuiuat'ion by rarlialinn 

front the E;u-tb 's ntmosphPre. 

\\-(' nexl r<"ducctllhe data by taking tJ,e detector perfnrmnucc ;mel st abi lily of ~"td lit c 

attilurl<' iuto account. Siuc<' t!Jc• alii tude of ~atr-li.ite j,., not sta iJl t• just after ehangiltl\ lh<' 

poiuttnl\ eli red ion. wr •·xdudl."d tiw data obtained 1dJ1·u tlH' diff~n·W'(' IJN W<'('ll lhC' arlual 

Euler angle ami st!wduled ~ugl i. larg•r than~ l arnuiu. \\-p recluc•Pd th - haekgrouud 

in thr GIS dala by u~ing ilw infonuation of ris1 · tinw d.isnhuinalion hv12 !i 1U.3). IYC' 

r•xc lnded hn t pixel;; and Jlick<'riug pixclr, of tbP SIS (!j 4.3 .. 3) ;md sPk·tlf•tlthe uormal SIS 

r'\'f'nls 11·ith grades 0, 2, 3 allCi -l (sE·e. Figur~ ~..!). Thc !alter :,c•l ctiou t<lll rfl'~niw·h· 

tWI\II'C' background cn·nts t11iliulr by rharged pari icll's. Tltes!' nifr1·ia for •lata redurtion 

an: sum n~tn.iu·d in Table 1.1. 

F'or I he SIS clat a. we r·ou,·<•rted faint data 10 briqh! cJ;Jtil and c-o tuiJitwcl a ll data ~~ 

(.) 
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''~""I''' d>l ta. Si11t"c tlie ccl10 < ud d<trk li·mnf' <'IT"r& (li 1.3.3: -1.3.3) rmu1ol bc cOIT<'tt<'d iu 

'"''Jill fonwd. '"' <·»titnatcd til<· d;u·k frcUJw ('[rurs u"iug j1111l l data. Tlie eon crl ion of 

dnrk fmuH' C'!T0rS aJHI t•dto 1\Prt' iucorporatl'd i11 the d<·lt-tt or r('SJl Ol tH' of til SIS for t I.e 

' JlP<"t ra] ll.I Pl.Jy~is. 

Table l.l: Scrcc11ing criteria fnr ASCA IUl ;;h·sis 

Sen..Tuiu~ lt ew Scrt..'( 'uiug: Crit -ria 

SlS 0/l GIS 2/3 
El .. n t tit) ll rl 10.0 5.0 

Cutolf Rigidity 1' G.O 0.0 
SA.-\. Cut ,. YES "I.'ES 

13riglt t E"rtlt d 20.0 

l\ Jam·m·t·r 1 YES \1~5 

Grade• (SJS onl.r) I 0.2. :3 .<~ 

Elot Piw l ( "IS ouly) g YES 
fli!:i<' Tiuw (GTS ouly) 11 YES 

' I h" miuimlUII dt.•va!iOII (Ltlg_l(' hbow•l he bmth'$limb 

I> The tuinimum cutoff rigidity 

' 'YCS' if till" da1a in SA.\ <tr<> e-<clud("'ti 
11 I he l!linimuut<mg,l{' bct.\\'1'('11 tht• tat.C:.l't and !he ilhuninaletl C~tr,h'slimb 

~ •) ES" if !lw dala \\ht•n tht- altitudr> of ::.:<1l.? lli11.' wa:. un:.t<~.ble \\·ere ('lirninru ,~d 

f SIS gn1.11c ~dPc.tiun (St'(.~. l" i~;ur(" •1.-lj u~eJ in th~ arwlysis 

P · ) c~- if dw hot pixels and fii('"kt:riu_g pixel$ arl" removed 

" ·VES" if tlw rie;t"' 1itne discriminntur <trto> ~rsed to r(.'duc~ hack~ronnd 

7.1.2 Background Subtraction 

Al't ~ r til<' Hnr·r•niJt P, proc('HS0S Wf'r(' done. we s~p,ratC'cl th0 8om-e · a ud background photons 

usi ug tlH' inJ<~ges on ilw SIS <Uld tlw GJS. \\'e xlnKJcd tile source ce>tmts from a circular 

n>l!, ion trnLPr('d \Ill a largct with a radius of 3 arcmiu for lllf' SlS (1-CCD motle) . This 

is b<'CHusr 1 hf' lH1lf power diame ter or I hr :'\RT if> 3 arc min (sc , !i4 .2 ) and more thnn 30 

% photous ;1rP inrlud"d ,,· ithin a radim; or 3 arcmin . Por the ST. (.J.-CCD utode) and the 

GIS. lat·w·r rrginu \\'C re ,;ekc·t L'd " ·it it a radius of G iUTmiu. The ra liHS n&<·d to cxt rad 

SO IIrt <' phulons is l!.i''<' IL iu Table· 1.2 !'or rad1 obol'rvation. 

:-- Jo~>l nf tit(• T,, \ · hli'lza rs ;liHllyt!'d i11 !hi. tl•<·:,is ill"<' brigld . i 11 tit<• 'f'llS<' 1l1 a t !he back· 

ground hrTo tlleR r o111pnm hle wi th solnTr photon~ only at :2:8 kc\ '.ln thiH ca""'· the Cflsmit­

X rn,· 13arkgnmud and its lludunti<>ns <I re ncgligihiC' contparPtlwith tiJf:' touul rate from 

the ,0111'("( ' (::; l 'X). Howen'r. 10 UJPaf.t lr(' tlto• Hux aud spectral rorlll r th t• faiJtl ~OU!Ti'!> . 

it i~ importnnl lu snhlnwl bulh Ill<' intr·rni!l aw l cc>;lcrna l hack~Tonucl a<Tltrat<>ly (~ -1.3.3: 

1.1. .-\.YAIYSIS 
J I 

-1.1.3) . .lu our oh,~ ·tTatiotJ , lE · 23 1 ·1+01~ i:, t IJI' faintt'~l aud nl'etls hlwlq-\roUIH[ ouh trao·­

tiou. \\"e <lbo snbtractrcllhe background fnr an ohsr·n·at iolll>f :-- Irk ~:21 in lODa. IJf'ntlls<· 

lh<" bOurce was rclati,·rly faint dtuing t it <' ohS!'ITation. \\·,. pnfnnnf'ci nn harkgwuud 

sub trac tion for other obse.1Tn ii on~ (§G). to a,·oirl <111.\' illstrtt lll t'llla l ;lrtifads. 

Siuct' lite backgrou nd of llt c· 'IS d<'tPdors is fiat "" th f' chip. 1\'P f'~ LillH\ tc • tltc hack­

ground from the en! ir<' chip <t fl<'r ~uhtrac t i1t g I he larg<'f rt'gion . For the G IS, \IT' c•stirnat!'d 

!he background from llw regiou al the same uf!~a.-.: i s a nglr a~ llt P soHtTP po~itiun. Tbis i" 

heca use !he in trinsic (clelPc tor) backgl'<•uud iF> drprt"l'nl 0 11 l h<' di~ I H II< '£' from the optica l 

axis (c·.g .. :--rn.h hima t't nl. l!JDG ). 

Tallie 7.2: liHagP n»iou for sourrc ;~nd background spr·ct rum 

Sourct.• Nam e Start Date (UT) Sonrn.· 

~L·k .121 

1lrk 501 

PKS 2155 

- 30-l 

1£5 234-l 

1093.0G.IO 

199~.05.16 

1995.0-U .'} 

- LD%.05.0 

1996. L2 .l 5 

~ 1991.06.02 

l \)9 .0-1.23 

1996.03.21 

~ 1996.0-1.02 

1998.07.18 

~ 1998.01.23 

Hl93.05.03 

1D9~.0:i. l9 

!D%.05.22 

~ 19~6.03 .26 

1D0G.ll. l ~ 

~ 1906.ll.15 

t991.01.1.0 

Ul91.0J.23 

1991.12.20 

a L: lo<:al ha.rkgrouud i~ sulllnw trd . 

n1.dius (~HTmin ) 

SO/Sl /G 2/G3 

G/G/G/G 

3/3/G/6 

3/3/6/G 

3/3/G/G 

3/3/6/G 
3/3/G/6 
1/ 2.6/6/6 " 

3/=3/G/G 
3/3/G/6 
3/3/6/G 

3/3/6/6 
6/6/G/G d 

.3/3/0/ 6 

3/3/G/G 

3/3/G/G 

3/3/6/G 
3/3/G/G 

3/3/G/G 

3/3/6/6 

3/3/6/G 

n~1( ' kg:rott lld 

nuliu!, {tu·emin ) 

so;s 1 /G2/G3 

6/6/G/6 

3/3/0/IJ 

3/3/G/6 
3/3/6/6 

l
1 

Dackgronnd W<b Uot ~ ttbtrcu.: u·d. bct'~lUS<' tli(' ~OUJTl' was n ·11· bri!V1L 

BGD 

L" 

• 

r. linage n.:gion of iJI(' SL.S i~ b1ll<dl lO avoid til t· t.> flf'('lS frolll Lil t' l(•if•utcrry S<HI I r<Hiou (,')f.>(• ~ 1.1.3 rl)r 

more d<'tail ). Till' CJS Ji g-In <'1 1nres Wl' f"( ' appruxiumtdy <'<Jinlla.tqJ frQm llu,• ('OIUJI ralf• 011 1lw Lo wN 

Disniulitwtur (LD }. 
11 

DHta takC'u at llll'tliuw hit P 1tl· wert• uot 11:-.l·t l hc·ramw tlw Lf•)t'IJI(• (l · wa:; strvu;;l." '"'~Liural.,tl. 
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7.1.3 Treatment of the Telemetry Saturation 

r,, 1\\'(1 obS('J'\'Cil ions of PKS 210-:i-304 ( H)!J3) and :\ Irk 421 ( 1908) (T<th!P /.2) . RO UI'C(•/< wc·r~ 

r•xtwnrr·l.r hrill,l!i and ic-l r•tJir ln· 11·as j>arlly s<dnra trd. \\-h(·H thP teiPtlll'l.r_\- is ~a tma t ··d , 

L!rr• pan 111' of till' dat <1 ;11P lost ]H'forc t ranornittiug to the grm urd s lat ion. 

Tlrf' '"l umlion limit i' IG r rs/f> for tllf' GIS data t,du·u at the IIH' Ji,tm bit rat<' (!i 

~1.1. 2). For :-- Irk 121 obsernttion in 1998. the GTS coun t rat es excr('d this limit. hrnn· 

\IT npprr,ximardy ''5ti rual P tiH! colrut rate from lire lui rat €· of the Lo11·er Disnimi1H1tor 

(LD ). \\ 'r· also exlnwlf'rl tlw data frolll tlrr pNiod in which r[J'I'cts of the saluration <H P 

rwglil\i l>h· . Por PhS 2100- 30-'1 ( 1993), i he GIS m1s not satm;Jt ed throu)!;h the d)S€' JTation. 

Tlrr• sa turnrion lir11il for lhr· SJS bright rnodc• is 32 cts/" 11·hf'n the data arC' taken at a 

nJrdiu r1r bit r;d•· ( 1-C D modr·; 'i 4.3.2). SinC"e I he nomimt.l some<· p o&ition is dose· lo lh<' 

n·adonl ga tr• on I he C'CD chip. the :\- ray (' \·ent s doscr IO the cr-ut r >f image ar<' rea< l out 

carliN. Sa t urnt<'d pqrtion on tlw chip can bP eliminat ed b~· select iug tlw rwrrower s \UTC 

reginu tlrm1 nsna l (.3 arcmiu). Por ti"' :\irk -121 obscrYa tiou in l9D8, '"'' funnel thai the 

<'ili'rl~ of"'" urntinn i ~ 11 g,Jigihll- sruaJI when we dwos<.' th<' .·onlTC radius a t 1.0 ar ·mi11 

lo r t]JC• ,' ISO. 11·hilr 2.G arnniu [or the SISl (Figure 1.1 ). 

\\·,, uolv lira! t I"' calibration of tire SIS b done assuming rlw ~ource radius of 3 nrc:miu. 

\\\• thus w•ri t',l- th:u thP aualysis result s do nol dwn g,e C'YCJJ if we r·hoose narrower source 

r<'!',I011 ( I an·n,iu ) than u~n a l. F'or P IO:S 2103-30-l ohs(·n-~tion in 1093. nll rf'gions \lll th 

drips Mr• hc·n 1·i l.'· a llcrted 1>~- lclcuwt ry saturation, Lhn~ II'C did W>t UHC' the data raken at 

1m·dinrn hi t rat<· (a br>ut GO 'if iu total) hecaus' it is n·rv dif'linrll to cstiutate llte flux of 

lite• ~olrn·t• . 

7.2 Results from Temporal Studies 

7.2.1 T im Variability 

~\ s rk snil,ed iu !j 2. tim<' nuiai>ilit y is ont· of thl' marked feai urc& of hla:Z;u·s. Four Te\' 

!,lazar' were' oh~· ·rwd n'pC'ated ly wil11 ASCA sinl'c rltl' launch in 1903 Oi G) . \\-"' in,·estip,at c 

hor!J ilr l' loug-tt• rHt (11·r·J·k~ lo ,,·,·ar~) and th e sl10rt -tNtn (hc> 111':'> I wel'k,·) Yari a bilit~·- \\'e 

ll"'rl ihl' GIS dnla to ((\lllj)ili'C' Ill(• f.OUJTC COllllt rar e. hccan>e 1111' GI S has wid<'r field or 

1·ivw lhau rhc SI S(~ 1.1.1 ) ;wd is lcbs att'rct l'd b_v the (lttitud Ill th<· satdlitc ami p ilion 

of tlll' S ll\11'1'<' c>JI the d•·f<.'rtnr. 

ln I iw fc,[[OI\·ing allili.I'Si,. thf• SOU!'I.'I' tO\IlliS a rt' cx trafl<'d h '!J ill i'1 cirnrlilr rl'p, iOil C('ll· 

tnr·d on a target with a ra diu~ (l[ li arcrlltll for tlw a . . T bl' binning; timr i1< 1024 b<'l' anrl 

ti l' ' ('tllllll rat<• of tl11 • ,[S2 anrlllil' aS3 Rr<' ~nrnnr<'d in t il e cnf'rg_Y haud 0.7 - 7.:i k<• \ ' . 

. .l ~ 

1.2. RESCLTS FJW~l TE.\IPOR.-\.L . n ·oiES 

... SJSl 

.§. 1.2 

.i 
s 1.0 

~ 
~ 0.!!1 

~ 

... + .; 
1-' ••• 

LO 1.2 0.8 12 
Nom~al.l"ed Counl R&le (StsO) Nannail:r..O. Count Rat• (stSI) 

Figure 7.1: Hc:l ~-t.ti o u of tlu: noruHJ.iLPd STSO eonut rat e n.'l'Ml"' uonuali t.(•( l SIS I t·ount ralc, duriHp. ~Jrk 

421 obst•rYatiou in l!J9,. le fl: tltt• ~oun:t· radii an._• 3 a.J'CJIIill fnr both Ill(' SJSU (IJlll SISL. C'ottll l ratl·:-. Hr<· 

uottun.li t.:l•d to r!JPir JUe <:lll va.htr•.:,: 20.5 r:t s/~ fot lltl..' SISO and LG.T 1.: 1:>/s for dtt.' STSL Till· S.1 SO lig hl t·nn·<• 

i~ :-; a.mnut•d wli<'H tla· ~ourn• was iu tltC' IJrigJil <.'St ~ta.rt• aud tilt.• Llnta w ' I'(' takt.·u ill tiH• tut•diulll bit· rn.LC•. 

Tl1l• effl'ct i~ iutli(·atC'd b~· rlll ni'!'OW. ,.;_qht: tl1l• ::;onn:.T radii ;u·c l :u·etuiu for the.• Sl SO and 2.6 tuiu for till· 

SJSl. ConJJt ra.tt•::t nn .. · uorumliz~..·d to t li(.:ir llll':tll V<Liucs: 8.2 c.- t":-> /s for tht• SlSO aud 1. .;5.5 (' 1 ~/s for tlH• S1SL 

T lt C' df('c t o( tl"it'rn<·t.ry ~Rtunuiou lta:s c.lisappt.•Hrt.'t.l. 

Mrk 421 

.-\s w~ sec in Figtu·c 7.2. the so1un• wns tlw fail.lt c.5t i11 1003 (2-3 l'is/~ fur thl' GlS) nud tl1c 

bright <'st iu1DD (l0-•10 r:ts/s for tllc> GIS). [u <1cldiLimr to this Jargc-amplilurll' ,-a rial>ility 

o.u time scale~ from weeks to yeaTs. ntpid vaTiahility is d early 5<·eu cl11riug till' ohsr·n·atiOJIS 

in 1003 aud 1D0-L Coun t rate Yaried bv a f;tctor or 2llmiJ1g a hruf lay pc· riod .. \ ~JU;'LIJ but 

rnpid ,·miahility on tinw-scales of hours to days is also secu i11 thP 1903 aud 1097 data . 

The sonrce in t('nsitY vari('d 40 ';l( or k·ss duriug 8 hours. Jn 1lrr· 1!)!)8 r, l>srr\'a tior, . lhf' 

source• 11·as extremely bright a111l tlrc or-c•UTPUCP of day- by-day fl are was c-lemh• rl Ptet iPcL 

Th BtrlJb('(jucnt an;U_,·sis rew~a iNltha t :-rrk ~21 wa · iu lh (• hi~; torical hi •h s ial<· during rllll' 

obsPr1·ation iJJ 1908 (see. 3 1.3 ). 

Mrk 501 

The ligh t cun·e~ of \Irk 001 <u·e shown in Figure 7.3. To c·arTy oul si rnultani'Ol lS mordJ()riHg 

of the , ourc·•' wi th the 1- ra~· d<'te ·tor., IH' dividrd {Jlu· (Jb, f'J'I'ilticm~ in o ~lwrt tinw iulC'rval8 

(~ 10 ksec) . For the 109G oi>ser\'<:llious. t!J e filL'\: rlc·neased graduall~- hi' I I factor nr 2 (6 

- 3 C'tsj. for the GIS) on a l ime Hralc of lwo weeks. Iu 10!) , thP sou rc<' wa~ bri I.Jt<·r (I 

ctsf,; for the GIS ) than l!J9G o})sc•n·ations .. ·\ ;,nw ll fltL'\: 1·nriatiou of 30 '/c 1\'lis ohserYcd 



() CTL\PTER /_ . \SALYS£5 .L\'D RESL'LTS OF ASCA 013SERUTJO.YS 

Mrk 421 

i ~:O~l;'" r • - - ' J 
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0 2 4- 6 
Time {day) 

B 

Fig HI'(' 7.2: T lu.· GlS li).!;ltt tHI'V\'S of 1-.lrk ~L:!l froUJ 1093 H) 1008 ASCA ob~<.·n·<.ttiuu~. T lw ~Otll'C' I.' touuts 

an: I.'Xtrat.: tt·d fnuu a t·irenlar n·~iou ct'llll'l'<.'d tJH tltt 1ar~tt w.idt a ra.dins of G <ll'ttlliu for da· GIS. The 

hiuuiug LinH· i.;; 102-1 Sf•f, E11i..'I'1!.Y hand i,:.; 0.7-7.5 k<·\'. Til~· t'OHHr ntte of tit<' GTS2 and tht• GIS3 ar<· 

::. lltlllllt'tl. \\' , , t'~titn<lt~ tht· GlS <·onut ra.tt: from tlie LD hit rat<.· for .1098 ohM.·rvntiou. IJ<.•nt ll .t' · tlt<.' St)nrce 

wa.:;- nory bd~ltl (U td tin· tl'!t·ntt·lry \\'~1~ partly .b<:.Hunlicd . 

cl11rin~ OII('-W<•Pk oilsr•n·ation. Contr:uy to \lrk 421. no significant v;u-iability a& ~lwrl as 

hnurs ih "''(•Jl in till' light run·e: a const ani Iii of tit<' data for ead1 ohsrrvation ( ~ lll ]; s~·c) 

dot•s not i11dieak au.v rapid tiltH' ,-ariability iu the srusc tlud P(\ 2
) < l'lr-. 

P l . 2155 - 304 

Th<· light C\11'\·p~ or Pl~i:i 21;)3-30~ are hhown iJl F'igl1re 1.·1. Th(' k0\11" e 1\·Ns brip,hlr~l ill 

190:3 (1--•-:Z:l ets/s forth\· Gl ) an d tht' fainte~t in 1996 (:3-.J cts/s for rlw GIS), 11·lticl.t 

indicnt<•s I h<' vhang<'~ or ntorP than faLl or 3 in I he tlnx. Similar to\ I rl' -121. PI.;S 21 5-3-30-l 

al. <• shuwh linw variability •n tint<' ~ta lrs a~< , Jwrl a~ hours. The 1903 nb. <-r,-,ttion caught 

a hrip,hff'tting pha."\'. Tlw so11n·r ,-,Iird In· GO '1. durinp, onr da_, .. lu 109~. PKS 2133-31).1 

was 'outinnously ohst•tTrd for 111·0 days . .-\1 tht' bcginui.ug or thr 190~ obs~tTatiou. we 

- •J '·-· HESC'LTS PnO:Il TL\JPOK II JTDJES 

~ 
!J 
~ . . 
"' § 
0 
u 

!!l 
'-' 
~ 
-" 

"' ,.: 
I 

": 

Mrk 501 
!O r---------r-------~--------~------~---------. 

6 

4 

10 

1996 March-April 

~ 

1996 June 

-1! 

2.5 

~ ., 

4 
Time (dey) 

6 7.6 to 12.5 

Figure 7.3: Tht• GfS light nlrVl'"' of ~frk 501 from Hl9G to L!JU8 ASCA ob::.~~n·.aUoll:-'. T ilL· ;o;oHrn· (.ouurs 

an· ('Xtra.ctcd from a cireular n:giou t~·uu•rcd Oil a 1tlrJ£f't with a. radius or 6 Rtnuiu for !Itt• crs. Tlu· 

1Jin11iug Liut <· is 102-J- ~t·c.:. Eucrgy ba.ttd is 0.1-7.5 kt·\ ·. The <:ou m ral<· uf Ll te G IS2 <U td dtt• OlS3 m·t• 

SU JIIIJl(•J. 

tlct cted a la rgt> flnre, 1\·heTe the. out-re iutcnsil~' rarit•tl b_,. a fa lor of 2 ill 8 ltunrs . . \fl<-r 

th£• flare, the flux bec-ame quite btable hut fhtctualed with I he autplitndc- of 20 'X. In !DIJG 

:\fay obsC'rn1tions. thr . 01trc0 inlC'nsily l'aricd by about J(J % iu ·I clnyB. but mdy LO 'X 
flnduatiou duri1tg t'ach obsen·at iou period ( <l hours). Two obserntl ions in I. D. G :'-iow·t11lwr 

. howr<luo ig11ific-an t ,-ariahililics or fl ar<•s. 

1ES 2344+514 

Tht' light cutTe~ of lES 23.J ·1+3l ·t are ~hown in Figur<' 7 .. ). The Mmrc-e was IJiightcsl in 

.l amtary 1 [)[)7 (0.8 cts/s for thf' GI ) and faintest in D<'cemlwr 1 !J9/ (O.J ct&/s for tit<· 

GIS) , which in li rat<'~ thr chan1;e~ bra fac·tor nf ~ :2 in Hnx. :-.lo tint£· variabilitY as rapid 

as homs was dt'tcdccl dtu·inp; I he nhservntinns (P(\~) > 1 '/r ror a <·on~lattl fit). 
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PKS 2155-304 
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Fip, ll!'<' 7 .~ : Til<• GI S light run••·• of PKS 2155-30~ frvu1 1903 to 1096 ASCII obst.·tT<ttious. The sour<:c 

r·oltUt!s cut· (•XTr:u·Tetl front~~ t ircub.11' n·;;ion <:tlltt>red ou a wrg<• t wilh •t radju:-. of G ~u<.·t uiu for tlu: GIS. 

1'1H' hiuniug: ti! ue i:- 1.02·1 !i"t'c Em·rKr lmud 1:-: O.J-1.5 ke\ ·_ Th C' ro1111t rate of the GlS2 a_ud LlH· GIS3 ;uT 

~ UIIlltH'd. 

7.2.2 Energy Dependence of Variability 

Variability Amplitude 

}11 onl<'r t(• qnaul if:y llw vnriahility properties . n·e first introduce t lt geuPral d eliuition of 

Ill\' l'radioual I'll/, ntrinbilily p;uatn('((' r (e .g .. Hodrigucz-I'asc- ual ct a!. l!J!JI: Zhang cr 

at. 1 DOD). Tli r n11 .q \'Hriahility charncterize~ the nwnn ,·aria biLity of the source during th" 

Pi>~t·n·~f iou. T lw j)Ul'iltllnkr j, ddiu<:d a' folio\\· .. 

\\"1• "~~lllll<' !liNear~ d ;l!a srrit's (a lig ht c:uJTl') F,(l). 1\·lwre i is tlw ID of' tiJC dat<t 

uuutl>Cr ( '1 :<;;1:;S; \ ' ) altlll is ilw limt' . Th ~ >lnudard d c,·i<llion for lhi f. lilllt' ~erie~ is 

{r.l) 

wh 'rt' 1- ;,,.,, i.'> tht' nwan couul rate. \\'r define the ru11ri0111 cm·ioncc . due to randoiJI 

eJTor~ (T;(t I a~f.ociakd with F,(t) Hf, 

(1.2) 
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IES 2344+614 
1.5 

1997 Jo.n 10 Jan 23 Dee 20 

~ 
~ 
j l 

/ill Iff /'1/111 ,,,1'111111/,111114 1'111'111111/lu § 
ll 
rl 4','.,"('''' ,, 
~ 0,5 ,,,,~ij''r' 
" ,.: 
I 

d 

0.2 0 .4 0 .6 0.8 0.2 0.2 
Time (day) 

Figtli'C' 1.0: Til t' Gl light ('llrvt•:s of l.ES 2344+51·1 iu L99! ASCA ob~er'\'H.tiou::.. Tl1t· st)JJrc·e t·ouuts: un • 

t:xtrael(•d rrotn u ci rcu lar r giou tcutt.•n·c l ou a t ; Lr~ct with a radiu~ of G an·uJiu fur tlw Grs. Tlw biuuiug 

time is 102-1 st·c. Em:rgy hand is O.f-7.5 kt·\ ·. 'Tiw <·onnt rat(- e,)[ tlw GJS2 antiLllr GIS3 } \1'1' SHIUIIJtd. 

T he excf's ,·ari <Lnce. Uexc · is lhcn defin(·d >\S tltt• diU't'r enc•· bctw<'cn I he ~ laud ;ml ]r,·ialitm 

rr'f.. and tltc random \':otriance .C, f .. 

(7.3) 

FinaU.v, we d<>line the li·actional nus ntri a hiJil_,. paraJJtei·er as 

(7A) 

Long-Term Trend of Variability 

\\· , t:itl ulate the F.,.~, of four Te\· bla7ars usinp, ih(· GIS li>;ltl r11n·cs shown i11 Fig­

ure 7.2-7.5. To inwstigale !he lon g- term trend of ,·ariabilit_,. in YariOti!- t' J\ l'rgy bands, \\'r 

clivid•' cl the GIS lighl c tu,·c·~ into he energy bands : 0.7- l.O kc\", l.O-Li kP\', l.::i-2.0 

k \'. 2.0 - 3.0 ke\ ' >Uirl 3 0- 7.;:! h ,\ ' . 

The resttlts are sununarized i11 Fignw 7.0. E'ro tu tlw [ig nre . Oil(' ·>tn lind a l'lPar trend 

nch lbal llw amplilndr of ,·ariabilily lJ \"I'OlllCh larg<·r as t!tr phninJJ l'llt'rg\· iiHTf'llM'S for 

all o lJj ds stud ied her For .\ Irk -121 rlnt~ . h<nY~\·cr. \\' do uot iuclud& tltr !OD d a la 

h<'t<UtSE' \I'C cannol estimate th • light curYes separa tetl h_,. r·11 ergy ouly l'rou1 lltP LD count 

ral<'. F,.., \\'as calculated us iug th dat~ [rom l\)03 to l!J91. \\'p ralmlal~ tlw F, .. , of .\ Irk 

-121 obsen·atioJI in 1998 using the STS light cutTf'S in rhr· Hf'X l sr•ct ion. 



CIJ..H'TET? I . . \ S.-\.L)SJ. ".-\.:\"DRE. t -L1~' 0FASCA ODSEH\ : \TlO.\' 

._, 

02 

Mtk "21 ASCA 
(10Gliii97J 

0·t.:, a.o 
Eo~rtY (lct>YJ 

I•)(S:t l !i!I-304A!iCA 
(1W3-J998) 

5.0 7 .0 100 

,_,L..~----,-~:-->-:-~---....J 
0.1'> 0'1 Z.O 3.0 5 .0 7 ,0 10.0 

f.h..r(.)'{kfY) 

0.8 

.llrk~ I ASCA 

(1096-111981 

o.~.5 0.7 1.0 2,0 
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F'jp, ttr(• T.G: Enng,y dept'HUt ·Hn' of variability of four Tl•V b!a./.<:U':-. . TIH· \·ariahility panunrtl'r was 

c·almlai<'<l in ti .T - 1.0 kc·\". 1.0 - 1.5 k<·\ ·. 1.5-2.0 h·\ ·. 2.0--1.0 kc·\" "''" :u)-7.5 kc\', r<·sp<·ct i,·d _y. For 

tht1 li ~ l11 nu·n·s in tora.l .4SCA ha.t1dpa:;s (0.1- J)) kt·\·) . :>Cl' Fi~un1 1.2-7.5. / el f} 1<• ]1: "fl. Irk -121. top rifJhl: 

~lrl, 501 , ''"ll <>~u I• [I : Pr\:S 2Ui5-30 I. '<wll•vttv r" ri_ght: I ES 23-11+:;1.4. For Mrk .12 1. we do 1101 iududo 

''"' dam iu 1098. 

Variabili~y <Jf Day-by-Day Flares (Mrk 421 1998) 

ln onkr io s tud~' 1 ill' mriahilil_,. of ~Irk 4~1 cl1u·ing I he l!J!J8 o!Jsen·ation. we use tlH' 

STS dntn bi.Jn,,-<1 ~I 102~ sc . Count rates from the Sl '() :md lh<' SISl ;He MIJl1Jll(•d. 

Firs t. vnrinhi li t_,. w~s calc-ulated lor tlw lola! expo;-,ur<' (7 d a_I'S) in lil-e energy !Jamb. 

rotT<'SJ11!11diu p, to 0.5- l.(J k~\- . 1.0- l .:i kC'\-. 1.3-2.0 kc\·. 2.0-3.0 ke\· iutd 3,0- l. :i l<<Y. 

n•SJH't·Lin·ly .. -\ ' slttl\1' 11 iu Fip,1m• 1.1. the eucrg~· tkpendPUCl' of lla· l'[lriabilil _,. lo r :\!I-1\ 

-1:21 iu !!)!) i~~i1nilar it• lli Ht ohlllin ·din 1993- 19!)1 (Figurr 7.G) . 

Siuce tlw oiJK<'l'\'FJfion in 1DD8 t·c•ntinn<'d for I clay;-, nnd indncll·d ~10 da_v- bl·· cla_,·lillrt'S 

( Fi"ur1· 1.2). 1n• abo as~t·ss rh1• qu·iahility bchal'it•r fl>r c·f! clt Han' t'l·eut. For this pnrpose. 

Wl' dil·idt•cl the Iota! <'X po~Hn· into lO -'ep,mculs a:; sl1 \1-u in Fip,urr I . . Exr.•pt for the 

litH (# I) and till' Jns t iut l'JTa] (# 10 ). c•arh St'I\111E'Ut ll'pit-1! 11_,. iuH•h·l·s on fiar{· ew•uL 

1.2. RE LTTS FRO.\f TE.\IPOR.-\L ST[D /ES 

1.0 

.lin<: 421 ASCA 
(1996 All) 
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En11rgy (k<!iY) 

Figllre 7.1: Ell(: q.~y <.h.•peml(·uer of \'ilTi<lbility of :i\ frk ~12:'1 in U)!)K TIH· ''ariahility p<Lntllll.' lt ·t· wa .... 

nd<:u.lated for d1 · lfHa.l <·xposun· iu fin · f'UNS{r J.auds (O.J-LO kl'\ ·. l .O-l.5 1-..<.'\ ·. L5-~ .0 k(• \ '.2.0- :.J .(J 

ktY cwt.l3.0-1.5 k ·\ ') . \\'r USl'd tlw SIS di.lta binnNI aT 10~4 ::.(•c. b<•ce:uJ s(• tlti ' GlS li g; ltT rnrV<'!) :u·(·~ lrnttgly 

S<Llll l'ilt.<.'<l. 

\\'e calc·uliltl' the ntrinbi lit_r pannnd<•r F"'' (rom tim<'--S gnreul& #2 to !J . Tit<· <' ll l' rgy 

dcpt>HJ~nc · of 1·ariahility of iudi,·idual flart•s ar!' sltow11 in l~igun· 7.!J , r<'~Jwrl ii·PI,-. 

l(rk 421 
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Figure 7.8 : Tlu• SJS li ~lll (.'ll rY~ · of l\ lrk ~l21 ohtu.iticJ it1 1!)98 oh:-.,'rnl.tiou ~~ud du· dh·isiou of tiuat· 

iJtt"rYti.l ju tO l)<•p;JI·att' bt'guwuts. Eil('h puiut n·pr<.~sf ' llh G ks<·c· jut 'J!,r<Hiou of llw dat.n. 

Four tl art·s exhibit a simila r I r(•Jld to FigLtr> 7.1. Su<'h I hat t lw ,·nrialJilily i«·c-PIU PS 

larger fl the photou <' ll"rgy iuf-r<'a>-<'!> (~Cgi1H·ut s # 2,::i,I.D). whilP the <'II rg_v df' pcnd<• rtu· 

ofl-,u·ial.r ilitv is Hal and Jl<>( as r-l<•ar Jrn· th~ Ji arP>; iuwln'd in sc-g.nwnt s # 3.-l.G ~11d S. Tltt•se 
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n·snlt ~ iJ!<lil'alt· illlp!lrl :uti ft>>HnrP~ for I he \"ari;d>iljtY r•f Te\· llaz , r~: em a longer I iuJ (·· 

~•·>~] < •. \"Hriabil it " :u11 plitnd•· b ·r·nuwf. huger "" incr<>a>ing pltol<Hl encrg~·. but for indjviduul 

il<Hf'~ (or ~! 1 ortt'r 1 im<~lic alr• ). the energy dt 'JWHdeH(' of Yari:)bi.lily r·haHgr'. flor c-by- flnre. 

... ~ t21 •JCA 
(\VM , ~) 

t .O :1.0 10 :10 1,0 l ,O 

tr.«TvJ~'~i-' ~~~---~--. l'.n~ro~~Yl;_~---------, l:nnu(C.YI 

.! 

1.0 30 ~-" '!'.0 111.0 
a:..crv\h'll) 

Pip,ure 7.9: 8m·1·~)' dept·w...lt·.ur<· of nn·i<tbili ty uf !\ Irk 42L i11 Hl!JS ubservatiow':i. Yariahility for i11Cih·idna.l 

1\an.'" i ~ "t'panltt·l) -.hoWil. ~l""illlt.' .... q;uu:nb an.' cl<:li111·d iu Figun: 7.8. TIH' c.:omhi urd IS da.la wen• used. 

72. RESULTS FRO:IJ TEMPORA.L sn·DlES 87 

7.2.3 Structm·e Function 

In 1998 observation of .i\ Irk ·121 , ''"'' dl'!t>ett•d day-by-day flares M sh wu in Figu r<' 1.2. 

This natura lly leads us to 'til idea that tbnt• (•x is ts some pref erred lime sta le for the rapid 

variability of !Jlazars. Variability parauwt<•r. F, .,. i5 a mras un' f th(• mean variability 

of the sotLrce. Since it <Werages owr all tlw 1·ar.iability dnri11g the obscJTation, the lll<)r · 

detailed anal 'sis of tlw timc-~c alt• ami tht• tiuw-profik or thr va riability n•quires a ""'~"~' 

sop ltist i~:<tt.ed tedllliqur th<tll the Fvar- type ;uwly ·is. To quauti{y the cha ractcristi(' time 

s~:<uC of the variability and ill\·e~tigall' it H physic>tl origin , we liSt' a numerin tl tl'cLniqll<' 

call ed the Structure Fuur·tiou (L<'I<'after tlw SF). 

The clefinlt.ioH of the SF ami tiH'ir proJH'rtie~ ;u· givcu u' Simom·t ti t Hl. ( 1985). 

I t proYides a measure of lht' lllt'nu difi"<'U'II<"e iu tlH' fltL'C de11s ities <U a fnnction of the 

separat ion in the sam pliug iul<'n-al. Tltc fin.t ord c·r SF is defin<'d as 

SF(r) = +- l::: [u{t)- n(t + rW (7.5) 

where a(t) is a poiut of the time twric's {n} aurl SlU1lniatioH is mad • ov r all pairs, whose 

separation times are eqmtl t<J r . !Y is the• n<ulliJ<'r of snch pairs. 

The SF analysis gi,·es infonnatiou siJu.i];u· to power spectrum <UJa!ysis, but the 'F has 

adnw ages when examining nou-p<·riodic- data. lu particular. tll(' SF is free from t h .0 ' 

compon ' ll t iu the time seric's . whl'reas ot lwr methods St.LCh as Auto Correlation Fuu ·tion 

(ACF) are not. Furth rmore, Hughes (' t· a!. ( 1902) arg11t> that th ' SF technique provides a 

method of quautif)'ing time ntriab.ility without the problems of wiudowing , and aliasing. 

wb.icL are encountered iu t he tradil iotml po\\·c·r spertmm analysis teci11Jiqucs . 

The SF is closely related to the p<!w<•r spcctnuu tens ity distrilJution. If the SF(r) oc 

rfJ (tl > 0), then the pow •r ~JkCtl"lllll l1<1 S tlw tli~t,·ilJUtiou P(f ) f -({J+ I) , wlu•re f is 

frequency (e.g., Palt.aui 1'1. a !. 1997; Figure 7.11 ). lmport;UJt ly, wheu the significan t time 

variability does not; ex.is t. bl'low r.,.;., aud o(t ) is approxi mately linear iu r, the SF wi l!lJe 

rx r 2 iu th · rang r S r..,;n. 

The SF for a typical meas ured procr ·s c(Jn;is l.~ of thr t' cliff 'rent parts, as schematically 

shown in Figure 7.10: (i) for th • ~hortesr ~c·paratiou titnes, plateau appears with a.n 

anrplitnd · which is just the twice of i be ,·arianre of the m a.surement noise (2 0"~0;,0 ), 

(ii) for r longer than th<' longest nriahiliry time ~cal<•, there is a plat •au (roll-over ) with 

an amplitude equal to t.wic · t.!J varittu~:e of thP fiuctuat.iou (2 u;;gua1J, (iii) these regions 

are linked by a cmve whose s lope d pend~ on the nature of t.he intrins ic variation of the 

source (e.g., red noise, flickering uoise , de). Time~ ·ale at wb.icb plateau ( roll-over; t,.ar 

in Figme 7.10) appears, is thought to be tlw dwrrwto i.;·tir· time scale of the measured 

time variability. 
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nieasuremenr····y--··········· 
, __ _ilno~i~s£e ________ ~'------------• log T 

lvar 

Pignre 7.10: Schrznatic drawing of tltP ·typical" st rHCIIll'C' f1mc t·inn for a mrasured time serir~. 

Tn onkr to iuvestigatt• possihl.' syst<-mati<· 1'1T0rs 011 tllf• SF <malysis, the 1st ordE'r 

SF was calculat••d for tltr sirnnlat.£•d lip,br ··nrvt•s. whm.P power spect rum clensitif's arP 

t'XP1Tshf'd as P(f) ex: .r-". Wf' assunwd n = 2.2 iu I !J,. following <UH\lysis. The length of 

siulldah•d datil w>•-~ s<?t ·tu 6.7 da.v. whic·h i> similar to ·tlw actual nbsPrvation of l'vlrk 421 

iu 1!)98 (Figun• 7.2). To gl'ut'ratr t 11<' tinl\' ~rr it•s. we simplv su1wrimposed sine functions 

wit h nmdom pi Lases from 0 to 2r.. witb t lw cnus trai11t I hal I hP power in f'ach frequency bin 

drrrra.<:rs as specified l,y t. lJ<' power sprC'lmn• d··n~it,v . \Vc.• thc>n extracted the light t nrve 

from the si rnulatecl dat>t with th ad. uaJ wiudnw for ~lrk c\21 (1!)!)8) ob ervation. Thr 

SF~ W<'[(' raknla krl from thousand. <'ts of sinmlatPclligbt ··111Tf' pr0part>cl with different 

srr•rls for thr mndom munl)('r gruera.tnr. Finally, wr mad<' thr histograms of tlw SF( r) 

r r t'<Wh r tot' timak t·lw s~·stt•matic errors on tbr F. 

imulatrrl SFs ~r<·. hown in Fignn• 1.11 wit h the raugc· of th£' dPYia.tion. The solid 

liuP i~ the <'DSl'mbll' awrag<'s ,,f thr ><imHlatc•d Fs, while the two clot kd lines show the 1 

cT ~"~""· One finds that Ill(' unrrrtainty nf tlw calcu lat-ed SF(r) lwcom\"s larger at hiiger 

"'' '" ''"of r. It is lrss lh;u1 20 % for r s; 0.1 dRy. whi k about a f<lrlor of 10 for T ;::: - clay. 

An osf'i ll at.ion Hucl large .-rrors of the lal tpr i& clnr to insuffil'ienl s;uupli.ng 0f th data at 

long limr-sca l . \\'e should nolP tlwl in t br· rinll' region -r ;::: 0.3 x [:-- Ia..x imum Sampling 

luleryaJ] (2::.. d;L~' for this particular rl<tla M• ts ). the• t·akulat·ecl SFs h<lve an uncPrtaint} 

of more• 1 han f'actnr ~-

\\'!o calculat.r llw SFs for ll.tP ohsrn·at icml\ ''hosr· 11C't exposur0 limes WNE' lougPr than 

·10 kRc•c· {~G). Tht• r<'~nlts nr<' snmlllari'l.Nl in Fip;ur<' 1.1.2. \\'r• lll f1 rk a. timE' scale by an 

arrow ahov~' whid 1 th<· t'<1ku1Ht<•cl SF t0ulain" htrl!,<' nnc·r•rtainly of more than fartor 2. 

1.2. RE l'.LTS FR0.\1 TE.\f.POR.lL n·otES 

modal; 11 • 2.2 , • ... 

- 1 --

0.06 0.10 O.Ml 1.00 6.00 
Loa: Ume le.& (d11y) 

Fig11re 7.11: Silllttlat('() ~tru<:tun: fuu<·t iou fnr P(f) '""< J- r. (( ' = 2.2). A~~nmt·d d oll;.~ lt •Jtg t!J b 0.1 

da_r, wliidt coiHcidt·s witlt tla'-' l\ l rk 421 ui,::,C I"\'atitl\1 iu 199 . SoliJ liut• is tile t'IIS('JIIhit-' an•r:1gt· of i IH· 

SFs JH'OdtH.'t'd b~~ i il c n lolll(.' aJro SiiiiUiatiotL~ dl'5itr ilwd iu tlil· tC'Xt. Dottt~d litH'~ an: 1 u 1'11/lf for lite 

:-:iwnbted SVs. Larg(• daslt i::, i\ lint• ton·t·~poudil1g 10 ) = 1.2 (SF x r '"') . dr:twn to ~uir\f • an t'Yf', Arrow 

plotted at T = 2 (day) iudin.Lt<.•s tlw.t tht• SF coutaius tit (' lllle<'rta.in ty of fa.rtor 2 nl tlti.., pnhtl. 

Mrk 421 

Th • 1st order SFs an~ scp<Uilkl.v . bown for th(' lD93 ohRcr\·;ttioll (up]" r lrfil , I !)!) I 

obscrYaliou (upper right) and the HJ98 obsen·atiou (llliddle ''' fi). Tli r• S IS rl~tn, binuPd 

at 102-J sec '"cr" nscd foJ· the caku.latiou. \\·c fill<•d SF(r) by ll p 111'<'1 law T l in the 

time dom11i11 0 < -rjcla_,. < 0.3. The lit's! fit &lopes WPre d = I .;:; ± 0.1 (J !)!):JJ, 1J = 1.7 

± 0.1. and !3 = 1.2 ± 0.1 (1098). Forth<" 1908 data. we clearlv d teet a rnll-un·r aruuud 

the tune scale T ~ o.;:;. which cnrrp},;pondR to the typicalti u1 e sea le for 'll' indi,·idnal ilnn· 

rvcut. Doth 1093 >\ lld l!J!J-1 ub~<erml ions are roo Rhorl to idrut·i£,v tlw ~alllf' rnl!-owr tlltr 

to the large errors in 1 he SF. 

PKS 2155 - 304 

The SFs of 1993 and 1.994 nbscn·ntions nrP separ~ t<'ly shown in Figurf' 1.12 (rnidrllr right 

and lower lrj't). Po"-cr law slopeb oftht• 'Fs afC' ,J = 2.0 ± 0.2 (1003) awl J = 1.·1 ± 0.1 

(199-1) in()< r/day < 0.3 , respC'cliYel_, .. For tl1e l!J!)4 rial a. W'' sef" a mll-m·c·r around 0.3 

d:1y. whirl, corrc~poud:; to tb<' ris<·/dPea\·-tiuw ,,f llu• largP flare <"VI?nl (s<·c·. Fi~nrc /.'!). 



0(1 CJI.\I'T£R ,_ .\.\'. \U .S!.' ASD RESCLTS OF' ASCA ODSER\:-lTW.YS 

!ES 2344+514 (1997) 

Tltf• SF for J ES 2:3 11+~>11 oh,r·tTal in11 in iDOl arc gin·n in Fif!,u r" 7.12 (forcer right). 

Till' )wht lit p01w·r l~w iud<·x is .J = 2.:3 ± 1.1 forD < r/rlay < 0.3. 

Analys is of Time AsymiUetry 

fl i, wry intrif\lling 10 d!itrac-INizt> the sh~ JW of t llf' fi:u·rs <'<'11 ill the li!',ht cun·es (e.g., 

s 1.2). S!!'llrlltrt' hwctiou is abo dabk to test the asytll!lll't r_,. of thr ligltl curvrs. \\'e 

>t do pl 11 ('(>l!\'C·t •i• ·HI "I'Jlri•HI'it ~uggrstetl by E<~WH)(IIl'iti I a!. (1998) . \\'t· s<·parate SF (r) 

into two p~!l s, SF+ aud SF . drp<•ndingon lit(' ~igJt of a(1)- o(t+<): 

(fnr a( I )- o(t + T) < 0). ( I.G ) 

j " •) SF (T) = .\'_ L., [a(l)- o(t + r)]- (for n(f)- n(t + T) > 0). ( I. 7) 

The• " 11 nn1111ion in SF+ (o r SF_) is tnn.d P o n]~- !'or pairs that lun·e plus (o r minus) signs 

or,( 1 )- n( 1 + T) . nnd -"+ ( nr .\'_) ~re i he numbers of s1tclt pairs. 

Tlw ncgatin• sign ol' o(l)-o(f+T) rr prrsents LhC' innca;.ing lumiuosil .v \Yith time: thus 

F + <l )li)I'(JXima tP!y indicates tltP ~(Tlt l'lurc function or brightl'nillg ph:1St·S. <)II([ siutilarly. 

F' rc-pn•sPJLI~ thv deray i11g pliilsP:<. 1f the s tudic·d li ght ~HIT(' is s_nmnctric in tiHH'. 

' F +(r) :utd SF (T) uH· exp<'elc·d lu cuiuc.i t ll.' ll'ilh SF(r) . On thr· other hand. if tltc light 

c-un·p is characl,.rizc<l with rnpid rise ami •rndnal dec-a-'·. a relation becomes SF +(T) > 
SF_(r). 

\\'e f'nlcttlak SF+(r) and SF_(T) fN :\ Irk .t2l data obt ained in 1908 . Since " ·e cou­

durt. •d s inmll :-1w·ous E L'\' (exlrcuw ull.nl\·iolet: GO-Oil A) ob&crndit>n "·ith the BUllE 

dmiug thih <'antpuig,tt (~ 9). w HI~' ' plot the SF for the EU\IE light nu·,·e (sec. Fig­

l!r<' 9.2). Rt·Aull :, tu·c scpa rnl el_,. :; lt<)\\'11 in Figure /.l:J for £['\'B. O.::i-2.0 ke\ ·, 2.0--1.0 

k• ·\ · :tud -1.0 - 1.;:; kr \ · dill a. Upp r pancb show SF h SF_ m1tl usual SF, rcspc-c tiYel,,·. 

whil r· lmw·r 11<llll'lb arc the diJI'cn• Jil' C'~ bdwe<· 11 SF+ and SF_ . unnnali zed hy SF. \Yt· dclinr 

tiH· .\fl llllltclnl'fll Jlflf'(lllll'/1'1' Sy(r) as 

-
T__,· '..:..· ( T-"l..,..-_s_F __ ..:..( T-'-) S,\'(T) = 

SF( r) 
(/. ) 

SiUl'(' \\'(' ar~ iHl<'I'C,.,ll-<1 ill ''"' ~)' liltlll'l r_y or a ::.i ngk lim· .. ·YCI\l. S-'·( 1) \\·as c-akulatcd 

iJt lh<' timt' n•p,ion 0 :5 r:::; Cl.:i (da_,·). wlten• O.J day is tilt' eharactc rist il' time• Sl'a lr of 

:-. Irk 121 (Fip,un·/.12). 1\'~ an•rap, ·d '"'''r Y{r) in the tim<> domniu 0 :::; r:::; 0.-'i day. and 

plot thr-m againRI the• photon etwrgy. TIH' r .-u ll s arc &hm1·n iJl Figmc /.l -1. 'The ti p.ure 

iu(Lit-aiP~-o 1\\'o iutpllri<Ull rPsnlt.: 

1.2. RE L'LTS FRWI T£.\JPOR..--1 L Tl'DJES !JI 

(1) S.\·(r) is a}\\'(1_\'S Jarg('l' lltau Zl'l'O. wlti(' lt iuditarc·~ lite till!(' )ll'(liik of da,\·-h.\·-day 

flares of .\ Irk -121 fa,·om s Ti:<t'-1 illlL' < de-r-ay-tim<··. 

(2) DeYia li ms of Sy(T) fi·on t zero b<·r·onlf' Rt11 HII <'r ns photon <·tJ<T!';." iii <T('il~<>:;, \\' ltidt 

indicates lliat tlw light nu·w~ <ltV more· snnlll<'l ric nl Li1;lwr <' ll<'rgieH. 

Sinte tlte ligltt cu tT!' o l· .\lrk -121 ill 1908 includt's mauy •>f tllf' IIHn' (•l't•nt' :llld tlt,.,. 

;He supcrpo. <'cl Oil eac:lt ol her. we <tlso applied t lJ C' ~anw anal.'·"is l'llr I he lit;ltl (' UIT<'s afl<'l' 

!>ubtract ion of lit e gene1·al rreml iu tlJc lighl cntTc,. \\ 'r• first fill<•d thl' light run·r~ with a 

quarlralir function. then sub t-rac-l<'d t lw bps! fi t function a. a ·tr~Hd'. \\ '" <·nt tlirmt'd that 

the rPsnll prese1tl·ed in this Sf"('t iou is unl aH'L•c-tcd by the p ilc u1> nf fi nn'~- Fall ck• tnils M<' 

giv!"ll in :\ppc•udix C. 
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Figun· 1.12; hi ordl'r ilnt<'tlln' l'nll<'lioll l>f ~ I rk ·l2l (JDD3: 199~1: 1998). PKS 21.;5-30~ (l!l!):}: 109·1) 

and J ES 23-1 ~1 +0 ll. [II\' F:- or \'HI'ion~ {'llt' l'};~' lmud.'i- ;:~n: :o: llown M'j)<lr<tlcly. S'F(r) W~l;;i titt•·d hr a !JO"'('r 

l:tw "X r'-4 iu tln· tiuw duumin 0 < r/< la.) < 0 .. '3 . Tht· l;t·~t tit itHkx is f,;iv<.• n iu c>ac!J pa!JI'I. .-\J'I'OW:o. iadicat-.· 

dw Jj()illt~ HbO\'(' whi\ It SF \ ldn· ~~ ('(1Jtll-lill 11\l( 't'l't:tilllit.~~ of IHOrl' than rHl10r 2. Till' srs data W(.'l'( ' 11:-t~ ' d. 

n:n.• pt for 1 lw PKS 2 t;)~-:3() I oh:-.l ·I'Yat iun iu 1 !l!.l:3. 

! 
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Fignrc 1.13: yuttut'lry ur tht· light {.'UIT('S t>f ).Irk 421 (10!) ) i ll Yill'iOHS (ll)t·r~.r btultb. { (J j l: ht ordrr 

stmuurr fuuttiou . T lt C' data (row ri ::.i ng pita ..... (· (SF+) H.ud d1 ·tayiug plla!)t• (SF - ) itn • -.:(•pan.Ltdy shoWJJ 

(~c~.·. tC'Xt). bott o 111: syiiWIC'(r!J para.ul!'ttr wllich i~ dditl ·d a~ [SF+-SF ]/SF . 

-
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-0.1L---U----L--~~--~~--~----~--~ 
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Energy (keY) 

l' i::;urc 1.1 -1: Eu.-r)!;) d<·p<·udtllrc of the· .. ,.,.,.«~;cd >J"IIllurlr.'· paraul"l<T Sy(T) = [SF+- 'F _]JSF for ~ Irk 

.121 ubM·n·n tiuu in .1!)08. y(r) w;;1~ ;n·crngf'<l ov .. -r lltt• tiuw l ag~ !)UiaJI<- r tltau 0.5 ~_\;ty. Ligltt turv<·~ ;)n' 

cd1no~t ~rwam•trie, i.l' .. [SF+-ST' -1/SF',...... 0 at ltiglwr ('lll'rgy h(Ultl. hut at lower ('Hl'r~ic:>. tilt' sy wwc•try 

H·J1!L.-.. tu lm·ak dowu. Corn•spowliu,; "'lrunnrt• fullt·lion:-; ttrf· v;h·,·u iu Fig:nr<.' 1.13. 

/.2. RESCLTS PR0.\1 TE.\ JPOR -IL TCDEE [).j 

7.2.4 Sp ectral Evolutions 

In the prc·YiouR section § 1.2.2. \Yf' fonnd 1 !tnt ,·ariahi]il ,. amplilllll<' g<'Brratl,· lwr•fl tllP'­

Iarger at incn•a iug phot 11 <'U<·rgy. hut ou ~lwrtN lillie scal<·s. Ynril'ly ··xisl~ n" siJV\\'11 ill 

Figurf' '1.9 . Such Jlare-by-fiar<' hPLa,·ior may lw ,w,neiatr•d wilb di(l'<'r('nt ~ Jwdra!J·I·!,Ittt i<'ll 

of <>nc b rlarC' t'H'nl. .\d11i1 1i~· . 1\'IH•n I he ,·a rialrilit_,. is larp,<T in a hi14llf'r <' IJCrgy l1nnd. 1 h 

photon specl.ra bc•c·onJC' harder during tlw finn•. 

To characterize lhe spectral e,·olutiou of TP\. hln:r;u·'· "'<' inn•xt igalt' the• f'<>rn·lat inu 

l,~tweeu the count rates (0.7-/.;J kc·\· ) allCI 1111' hardnps,; rnfio. \\ '" dd'in<' liH' hardn<'xs 

ratio as I IH~ p!tolon counts i11 higher energy batH.! (2- 7.;1 kp\ ') to lit'"'' i11 ]OII'<'r <'lll'rg-'· b;~nd 

(0.'1-2 k<' \ ") . In this expr~ssion of lhe int en:< i t~· ,·rr ·us hanhl('ss. wt• nlll ;dso im·<'sligatc 

the pn'seJtce of chnTad.eristic hysteresi. assorintr·d with I]H' · time-lags' in ."<Hit'1is •·uc·rgY 

bands (~ 2.2.3). 

\\'c couccntral<' on the RPC''·tra l e\·ol utiou during tlw t·otJiinuouR ub'<'ITOiiou' ll'hos<' 

Jtct e)l.l)Osu re times wcr loHger thau 40 ksel' (~G). The G IS ro11nt r~ic~ ~1·e usr-cl cxrt•pt fur 

lhr :.Irk -121 obscn·ati n in 1008. In I he subs<-qucnt "nalysis, in ordrr lo rcdure <'JTon, and 

present thC' tinw ,,,·olution of ha.rduess ratios rn orc· clra rly, we n'hinnrd tile light <' urn ·s 

a t G kscc (12 k cc for IES 2344+::i14 tor d\lC·c· error&). 

Mrk 421 

Thr relations between brightness (coulll rate) nnd th(• h ;~r<luN;s rill io for 100:1 <\LJ(l I !J!H ol,.. 

S<'n·at ions arC' shown in Figure l.l::i. In both cns,·s, th<' g<•JJ ent! t.r •ud is that I hr spcrtrum 

becom ·s steeper (i.e .. rela ti vely le. s ph otons in the high • ' tH'r!o(~' band ) in the· dc·r-lining 

phnH<' ;UJd harckr iu the brightening phase. :.rrk 421 oh~t'JTal iou in 100-1 (~ 7.2) s il O\\"~ 

th, ·clnc·k\yise' hysteresis ;~s r<'pm·tccl h_,. Takaltn~hi <"t a!. ( l!JOG; Figm•· 2.G). fln WI'\'C'r , 

the n•-ana ly~is or Hl!J3 llbscrnltion ~bows i\ !Jin l <Jf the [1'\'(•rst• '(t/llt -dor·kwis~·· h.v~ lerPSib , 

\Y!Jith "·ill be dibcussNllater (~ 7.2.3). 

Fur IIi<' '1-day ol RCtTntion in 1908. the SJlf't·traJ evolution iu l.iuH'-!>tgm uls #2-!J 

l fi'ig1tr<? '1.8) is sl.town i11 the scp;lralc· paurls of Figure 7.1G. :-lote that tlw !Jnrdu<'ss ratio 

iut-rcHsed sign.ifka~uly dmiug rom of the IIHres (i,t•g11J•·nts #2. 0, '1. D) wl1il<' ill othrr.s. il 

did not (:-C'gtneut~ #3. 4, G. 8]. Tbcs€· n·~ults ill'(' nnJsi~l<-111 with wl~>t( is PXjl<'d<'d from 

I]Jr• energ_,. ci E'pE'ndenr·p of the 1·ariability ampliturl•' (F' ign n' 1.0 ). 

Strikiugly. rhe spettrnl <'YO iutinns >how a cnmpl-' n1ixlun' ,,f thP ·dor·kwi.sr· motions 

(s ?;lllr11ts #2. -1). ·onll-clockwi.'<•' rnotinns (sc~;rncJJts #3. G. 8). and ·uo significant hys­

tr,resis· (scgm<'nts #3. 7. 9). This cleaJ·J_,. iudicalt's thatllCll on]_,. th<" ,·:u·ii!hilitY mnpli t udcs 

but also lhr time-lags m ay ,·ary flare-lJ\'- fiilre. 
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VT.k t21 

I 

--0.500'--~-~--~-~--,---" 
12 14 20 u 

Couol Role (GJS 2-,.3: 0.7-'1'.5 keV) Count RatA! (CIS 2+3: 0 ,7 - 7 .6 keV) 

Figlll'l' 1 . 1 j; fh,. C IS 2+~ <'011 111 rall' (0. / - /.5 k<·q ' '' '"''" lmrdu c,s ra tio for· l\Jrk 421 lD03 (I< fl) awl 

100·1 t •h:,t•n•;Hil •ll~ (ti,f}hl). Ea.t·h poiut r~.:pres<·ut:-- 6 k~tr i11tl'gratiou. Tlu: ];u-!jl' Ullt·cl rircl<· r('p r('S(' IIts the 

:-,Utl'l point of tltt ob:;,t.·n·<t.tiou. 

PKS 2155- 304 

Tlw rclal ill! I of hri[\lilli<'SS (routtt r:ne) and lite ltardnes. ratio for 1003 and 100~ observa­

livu ~ ltf Ph:S 2Jjj-3() lis s li wn in Fignrc 7.J 7. [n botll cases. the general trend i~ lhat 

1)1!' ~pr·clnll ll IJ <'t'O II H'b s lr·<'PH i11 the dccli uin ·• phase and harc lPr in I he hrigld eui11 plw ·e. 

,jUJihr to l lw case• f<•r :. Irk -1:21. The ligur<' of .l!JO.J observat ion Hhows a d ear ·clo kwis!' 

lt .I·~ L<·rl'~ i s dur ill!!, tlll' l'ir~ t lnF<'·flarr· (1\a taokR et >Ll. 2000 ). while l9!J3 obsenatio.u slJ OIYS 

110 s ig11ilicanJ hy!> l er('~ is . For 1 his p0rl irubr BOUH'C. S••mbay c•l a!. (J 003) has reporl ed 

i>rrl h ·f']nckwisl'· a 11d I hl" ·riiJti-doekll'iol' . palterus u~ill g Lite GlNGA dal H. 

lES 2344- 51<1 

T il\· rf'\;rtinu ofhdghlm·ss (<nU ttl mk) and th<;> heurlu e~s I'Mio fnr 1097 observation of l ES 

23.J-I J-:Jl-1 is shown in F'ifl,urr· 7.1 . (hlfor( tulalP!.'·, variahility treud is nol tle11r hccansr 

lh<' so nr<'<' 11·ns f;dlll nnd less l';rri;1hlt• dnring I he oborl'l'<lliou. 

7.2.5 earch fm Time Lags and Time Leads 

lu tin• pn' l·ious st•rl ion. we lintntl a hint of I•JH·rg.~· depPnd•·ul ·til1l<'·lng,.;· ,;a th ;uw h,sis of 

l'ariahilit)' of \' It rg.~•. J, inlll'd li!(hl ~t ti'I'CS. wllicl1 Cilltsc·s thP rliYersi!l· in l bt• obserwd spec· 

I rnl t>Yolution. Jn,pollanrh·. 1 he dorkwise h.1·s t<•r si. is 'XJH'rl d 11·hcn the· ti nw Yariatiouo 

i11 I hr lml' <'Jit'r!.\.1' ha11rl l;lg lwhi11d lhns<' iu lltf' high CJI <'rg.'' band. while onli-c!oC"h rist' 

', ' ... 
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~ 

C:e""t x..._.jmO•I ·II-~ ·'1.~ h 'l') 
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C..U.tftoi&/!IIJO+I Q.O-UI Iro•) 

Figure l.lG: Svcctnd E\·olutious of .Mrk ~12l iu l!J9S obsenr<Uiou. £,·olutiuu:-; iu 8 tiwt··st·guw nt :; 

(#2-9). whi ch wen.· d<'liu<·d in Fignn• 7.8. an• ~t'p :u·;;~tt' ly ~ howu. Arrows inrlic:d(·s tl1r- dir• ·rtiou of 

evvlutiou iu the (.'(.llllll rat<.' ,. · r~ n l'l !J ~Ln hu .. ·:,..o; ra.tio pial!(' . 

JJ]()liou is exjwcted in i he oppositP caw (Kirk. HiPgcr ,\,c :\[asl ich iatlis 1 008; &ee abo ~ 

2.:?.3). In this sec tion . 11·c· c,·alu~l tile time· Ia 'f> mo1·P qaaulitali1· ly in Yariuns cu<:rgy 

bauds. 

Discrete Correlation Function (DCF) 

In order ~o tudy the t im•• herirs iu 1·ariou~ r ucrgy bnnd. rluautilati1·· ly. Wf' ap ply llw 

disnete C"al'l·cl~l iou fundi ou given by Cddson &: [~ ru lik ( lD88). Tills lcclmi<JIIt' wa" ."JWI'if­

ically de igllC'ci to aualyze unc•vcal.1· saltlp lr·d dnta ~cts. The· first slE'p is lu calculal!' tlw 
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PKS 2il:i5-30-4 

0.65 

,. ,. 20 22 10 

Cou.ul Rete: (cas 2+3: 0.7-7.5 keV) Counl Re. le (GIS 2+3: 0 .7-7.5 keV) 

Pigurr· 7.17; Tit<· CIS 2+3 ton11t rat<' (0.1-1.5 k,· \ ') YCrou> lmrdue>S ratio of Pl\S 2155-304. lef t: 

19!>3 <.lh:wnc11iou ;-UJd riyhl: lmN (.l\;.:,ervation . Eill"h poiur n·pn.:~c uts fi kjo; c intc.•gratio lt . Tlu.'la.rge lill<'d 

dt·c I<· i:, IIH• :, tad pobn uf tlll' oh.t'<'J'nliinu. 

•.oor'""=-=-=•::••.;..• --~--~-=c.:.:::, 

o:~.7'::-,---=o.-=oo:----:oc;: . .,::---:-'o.o"'o---=-'o.95 
Counl Rale (GIS 2+3: 0 ,7- 7.1::1 keY) 

Figtll't' 1.1 : nl\' CIS 2+3 roll lit l'Hil' (O.i - /.5 ke\') \'('1''1'" hmdut••s mt io for lES 234-1+5J.l ol»crvatiou. 

E~H h puillt ITJH'('"CIIlS a k"'lt't' iutt.'gr<Hiou. Th<· hll'/!;\' fHit.•d t•irck i::' tbt• st'ilr t pohtl ur tlu- ob:,t>rnuiou. 

h<'l or ll'ltiJillllt'd tli~('l'f' il ' t'OI'I't'lat ion fl!llf'tious (UDCF) bt•l 1\'('('Jl Nldl dntn poiJll iu llt(' f\\'0 

dntn l-tr\'an.s. This is ckfi uP.d in thr tin1c doiUaiu a>l 

( 7.9 ) 

whf•n• o, Rntl b, .11'€' poiHI<l nl' llH• data et (n) nud {b}, ii nod b art• th(' lll<"<lll. of the data 

s(•ls. ;uut cr., and cr,, arc• I he• s t;u1dard ckviatiou nf each dMa set. Tit<' dis '!'eli' correlaliou 

1.2. HESL'LTS FJW,\1 TE.\IPORAL SHDJE Q!J 

fnudion (DCF ) fnr Pach tilll£' bg Tis tlrliul'd a" :lit "''''n1!-\•' nf' ll t<' L'DCT thal han• lilt' 

t•parnliClll limC' Of' r-.:O,.rj2::; .:O,.f ,J ::; r+ .:O,. rj2, 

( I.J 0) 

"·]I pre .\I is the uumlwr ,,('pairs in the bin. 

Tlw ach·a11 tage of I he DCF li~s in lltc• fact tlwt it ttBf's all lhr cktla point s ~vailahk. 

dnes nol inlro luce nPw error~ througl1 interpola t ion. and •·nlcula1c~ a 1\lf'auingfnl f'ITC•r 

estimate.·. The standard <'nor fnr c;Kh bin is cnlcuhtlf'tl us 

(1. 11 ) 

lu thC' following. \\'(' C'al·11laled the tim<' lags (If tlux vnrilll ious in four t'llNI\.)' ]pt uds 

(0.3- l.O ke\' , 1.0- l.::i k('\ ·, 1.3-2.0 k<" \·. <UlCI 2.0-:3.0 kP\') as c·omp:u--·d lo thai. in the 

3.0-7.:J ke\' hand. using the DCF il'cllllique. l3ot h 1 !]('SIS and 1 llC' ; IS Up,ht en IT ~ \\'t'rf' 

tl,rd for lhe ana l.1·sis. Th e· t·rror on the lap, W<IS dl'lt'rm ittt:·d frotu llw llllt·ert>tinl y (1 rr 

Nror) or the peak paramder oblaiHed b\' til(' miuillliiUl \ t tit tiug of llH' D 'F dis I riiJutiCIIJ 

to a Gaussian. \YE' abo evaluate llw errors on the lap, ttsing the ~ l cllltf' Ca iro sim nlatiun 

laking lh t> LUKt>naint ies in fltL'les iuto accunni. \\'c fouwl that boilt P:,l iuwtt·H elf errors 

are c·xncti.~· r·onsistf:'nt as d -~cr ib~d i11 Appendix C. 

Mrk 421 (1993) 

The resttlt of :l lrk -121 obsC"rvabon in 1993 is shmYn in FigmP 7.19. As indit';H etl from 

tile' anti-clockwi~e motion sh wn in Figure 7.13. one finds tha.l thf' sr,ft X- ray n.lriabi lity 

I r((/-5 that iu hard X-ra,·s by :; ksec . 

Mrk 421 (1994) 

For tlw :l lrk -121 oiJSt'n·al ion in l!J94, 11·c seen ranoniuil ·&oft-lag· a~ sho1111 in Figure 7.20. 

\\"e fiHd that tht' sol'l X-ra.v 1·ari ation la~s lwhind II tat iu t hf' l1ard ·r (:3.0-1.3 kl'\') X-ray 

bam! by G k~N: . which i!, consisl<'nl with llw result!> r('portcd iu TnJmhashi ('[ al. (19QG). 

PKS 2155 - 304 (1993) 

Tl,~ DCF clistrihutions for Pl\:S 21;}.)-304 ohscrYatirm iu 1903 arP ~Ltow!l ill figtll'<' 7.21. 

.-\ s indicated from no s ignifitMt In·st cresi>- ( Fi •un• 7.17). 110 signi.fic-ant timt> lags arP loured 

hPl wecu th • hard X-ray~ and lh<' soft X-rll~'S. 
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F i!',lll'(' 7. 19: l• fl ; Di, n c l<' correlatiou [uu t tiou of ~ [rk 421 iu 1993. ri[Jhl: Tilll<' lag of ~Jrk -121 iu 

1993. 

ltrk 421 {11l9<f.) 
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Jdrk 42 1 (1994) 
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hard lag 

- 5000 
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t:nergy (keV) 

Fi!!.llr<' 1.20: ltjl : lJi..,t ITH' nu-rdatiou ruudiou of ~Jrk -121 iu H) -L riJJht: Tina.• l ag~ of ). Irk 121 iu 

1991. 

PKS 2155 - 304 (1994) 

Th<' n's•tlls fur PI\S :!J,j,j-J(I.I ob~en·a lio u in l!l!l4 ar(' ,] ,m\·11 iu Fi ·urf' 7.22 . . -\Jrho11 p,h 

litC' ri~i11~ pori ioll of tlt t· Hare h;u. n 11 brcn ob.ctT d . 1 hib pw,-ides a well -drlined ;md 

wcll-~ampk'd li •hi f' lll'\'<' for au i~olaled l ~rg Han· (s<'P clbo ~ 10.2). \\.t• fouml that the 
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PKS 2155- 304 (1993} 
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Pt\S 216b- 304 (1993) 

>t Gl5 2+9 

hard la.g 

0.0 1.0 2.0 •.. 10.0 
t:ncr,g)' (kcV) 

Fi~tli'C 7.21: i<'/1: Oi~t-rctc· t't>rrt•latiou fuurtiou of Pf\S 215;,-30·-1 iu 1993. "' !tltl; fi111e lag> of PKS 

2155-30-t iu 1993. 

~n l'l X-ray ,·ari})hility lngs behind IJ1 al in harder X- ra.,-~ b.1· J ks(•c ( Ka taoka c·t a!. 2000 ). 

PKS 2155- 304 (1994) 
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- 5000 

- 0 .15 0 .5 

T1me Lq: (day) 

PKS 2 155- 3().4 ( 1994) 

0 .6 10 2.0 
£ner,gy (kcV) 

o SIS 0+1 

X GIS 2 + 3 

6.0 10.0 

F'igurP / .22: /(' j/ : Di :--n<·r~· con'l'hlliw• fHH<·rion of Pl\S 21!)0-3111 iu 1901. rrylil: Tiuw I a~!' of PJ\S 

2!55-30-l ill !99.t. 
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Mrk 421 (1998) 

l-or llH· \lrk -121 rl<~ta oiJtHit,ed it lG98, "·c !>Pparatcl_,. calculnt<'d tlw DCFs f(>r f'ight 

tiu~t·-~egnwuh (#2-0) df'fined in Fi!\llrt· 1.8. The D 'F distt·ibutinn~ for indi,·idual tim~ 

sPgmr· 11 t~ nn· gin·ll itt :'1 PP<'II<Ii.' 13. (';tklllntcd tillle-lags in four PJJPrg_,. bands as compared 

to 3.0-( .. j kr·\ · l><ntd aJ'f' snttiniari?.Nl in Figlll'i' 7.23. F r time sC'glllC'IIIS #2 and 3. we 

also call'lthtti· tl1f' limr jag~ using tit<' GIS dala.l,ecnusr the souret' was in a relati,·cl,,·Iow 

~tnt<' awl rhr· tcknil'lry wasuot saturated(~ 1.1.1). Th• GIS rc•snlls a rr consistent ll'ith 

1 h<• SIS dal r1. 

..... 

1rl••lll'llfloVI 
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1.11 z.a 
rn.,c!lo•"l 

r'·'~Q~·~ .. -~,~~~~---------

10 l-0 1,0 10 
...,.,l) flo""\ ~::~> .. 11)' l ~.n 

Ill 1.11 
t.. ... J::tl).•"l 

Fiy,un· 7.23: Tiuu~ l:1~~'- or f\lrk 121 in LDt'k. Tilu(' Ia~~ in (:'ig.l1t timr· ~l';!!.lllt'ur"> (#2-9) ddinr•d in 

figun· 7. Hrt• '('PU,'flldy "'litJWII. T'lw DC'F Lli:o;itihntioll!> fur ('0 1Tl'~ptHtd.i.u~ liJih• ~t'h'liWIIh (IJ'I• sin'II iu 

.I)IJII'IIt\h 0. 
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\\'0 dctrrtc·d i he c<mtpli(·nl rd mixt ttr(' or ·~on Ia!'· ( ht'!\ttl<'td~ #2 . .I) aud ·Jtanllng · (sq~ 

nwnt& #3, G. ). wiiJJ s<·,·eml ~t·gnwnl~ ~lwll'ing no nppnrc•n1 tim ~ Ia~ (hl'!\11H'IIi.'i #.).I. 9). 

Thesr l'i'Sulls nre ill agrr!'tllCnl 1dllt the implical ionH li·onl loopll'il'(' pall Nns ( Fi,!\111'(• /.I G). 

\\'e also app liPd tite snlllt' it llalv ih for tiH' liAhl t'tll'\'t'~ a f't(•r subtraction nl' tit<> ~<·ttf'l'a l 

trend in the light Clln·<'s. \\'e con.fimwd tlwt t l1c I'('~Uit pn·sc11Lcd ill thi~ SN'tiun is nol 

affcclecl by tiH' pileup or ftru·rs. Full drtails arc gil' 11 in .-\.JlJWBclix 

Combining the a bon• findings 11· ith the n•snlts s lt ow11 i11 9 1.2.2. w<· uol i<·•' tl"ll tlH• 

·!Jard-lag· fl>tr~s (region #3. G, 8) nwy he a&oriatt•(l "·itlt tltC' flare~ wlto~f' qriabilili<·s 

ha1·c less clependem·(' ou encrp;,1· (Figun• 1.9). To st·c· this nton• cbnl.v. II'<' plot 1it c 1 inl<·­

lag YCrsw; ,·,uiabilit,· ratio ill two enf'rgy hamls. F,,(3.0-1 . .5 kr\ ')/ F,u.r(0.3 - l.(l k1•\') in 

Figur<' 1.2'1. lnterestiugly. <'lll apparc·nl correlation catl lw seen (the (·orrelatiou <·<><'llir i<'lll 

i~ ll.7). but morr> data arC' uC' c•ssar.1· ''' l<'thw<' fmthN <·o uclu~ion~ . 

Mrk <i21 ASCA 1996 

- 4000 

O.B 1.0 1.2 1.4 1.6 t.B 
Rollo " F,-..,.(3.0-7.5 keV}/P.,.,.,(O 5-10 k~V) 

Pigllre 7.2~1: nario of \'1\J'it:tbilitic~ ill low l'IH.' r~y baud aud iliglJ f:Ht•rgy lJa.tJ \.1. Fvnr(3.0 1.5 kt: \ ')/ F.,.(t((CJ.i). 

1.0 !\(•\"). \'('I'!'>H1l tilllt' t..~g:s ('akuJar d fro1u IIH· DCF. Dar~L fro111 ~Irk -l21 oi>S(·n·<-Lliou ill 1!)08. 
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7.3 Results from Spectral Studies 

\\'~ JWrl<mm•d uwd I fitting to evaluat e the plttHon ~Pl'ttra of hlaz;u&. \Ye made the soun•e 

>. pc·l't ra fort lw itttagt- n·giou' sholl'n in Tahle 1.2 fur ohsen·at ioJ\~ li ~ted in Table G.'2 - G.3. 

Thl' SJS atJd tlw GIS ~pt•r tra afll•r the IJa ·kgrountl s ttblraction a re shown itt .--\ppcndix 

D .. \II SJll'<'fra IH'I'<: filft•tl 11·i h tlt e :'\SPEC l'(' r;,i<>ll 10.00 prm·ided I y '\.-\S.-\/GSFC. The 

drt<'r lor re~-.pon~• · of tlw SIS is geuerat ecl from 8i.s nu,q 1·ersion -1.2. \\'e use the respon s~ 

n •rsion .J.(J for I ht · CIS allf.l 2.10 for th(' XRT. 

7.3.1 Fit with a Power Law Function plus Absorption 

1\'t•!irs t fiflc>d fl:tPSJW(· trum witL n po"·eria11· function plus absorption lu·isi~tgfi·out tt tttral 

tttnl r rial. Thc> JlHJClr! funrtintJ giw·:; 

d.\' - \ ' ( . (£)) ,. r!E-.o x·xp - .\"x(f - x£-. (7.12) 

1\' ltt're .Y0 is tltc• nonnalizatiort in unit of photons/Cllt1 / s/ lw\' , l- is tlw photou RpN·t ral 

i11dex. and rr( E) b 1 hP eros~ Rct·l iou for photo-elect ric absorption \\·it h ~olar a!Jundallc·cs 

t;Jken fro111 \lnrrison &: \JrCanmton ( 1083). Thf' ahsnrbillg column was p'u~me l erized in 

lt ' l'lll'> l>f' th(' ('((l!il·a ll'nl llydrogen c lumn d.c11sity .\'11 (Tnbk G.l ). 

.--\ · ti11· first s tep. 1\T lixt'd t]!(' column dPnsilY at the Galactic colu.mn dc•usity. The 

n·sult ~ nn· li, lPd in the• Tnblc• 7.3. Fonnall1·. no11 · e>f t lw iits arc· ac-cqJI ab lc. tn ;ming that 

tilt' wolmhility P ( \ .1 ) < J%. Oue c;m imagiuc three reasons for this: ( i) photon spt'clru 

nn· not w(')l PXpr!'Sh<'tl ),,. <1 powPr lm1· fonl!: (ii) ph ton pcctnt t'l' !vesi>·1tifinmtly dming 

the· h~etTrdiou: i'lud (iii) consistency bclwreu tiH' SJS and the GIS detectors is not gnod 

at the· ltn1·e;,l <'tlf•rgy hatJd (E < 1 keY: ~~·e bdo11'). 

In the• SP\'O tld s tvp . we• liltc·d the SJWCtrum with t!J,. wlumn del!sit_, . .\'11 <1llo"·cd to he 

fn' c· . 1\'c an' 1l\\'>m ' tltni this iR nn unph1·sir·aJ modt·l in the· cCrthe tlwt lite .\'11 can 1·arv with 

th P sp -c l rnl fornt. ll'ltidt ih nnlikdy. 1-To\1·0\'(•r, IY!wn the spec! runt is gr;Jdll <l ll_,. bending 

a t hi ltc·r r·uc·rp,_1· bands front a po\\'rr l<\11' fNm . I hi~ can he· a con1· 11j ~ 11t <'Xj)rC'ssion of 

tlw dat;l. Tlw result & <ll'l' a!Ht• shmnt in Tahk 7.3 . Tht· fit: s are &iglli(i('<tutly improwd 

<>l't-r llto~e uhtai11•·d lor a lixt·d .Yu. T he ht';-t fit ntllll'S "f ah1-.orpliun m11cll largPr tlwn 

till' C:alm·tir mr· 1u1~ l hnr tlt c· spc·c·tra <LH' ro111·ex (i.C' .. gnHlH<lll.l· st E'~>pe uiug toward ltighcr 

t'll<'rgy). In on!Pr to S N ' thP <·otll·ex ~Pl'<' lra >Jf Tc\· hlazm·. 11·c fil I he di!ta below 1 kc\· 

witlt :t pml'l'r htw flln<'tiou plu~ Caladil' nhsorptiou ( Figme 1.'2.) ). large n•si<lu<JI~ i11 ti!f ' 

rattn or tlw modd to th€' data nhon• 2 k\·\ · an" e!carh· prcsr·ul (top and mirldlc) . Tb~ 

dnta ll't' l'l ' tnkt'H from till' :Oirk -121 nbt·' rl'a tiou in l!JD . \'\' ab(> slt 11· th <' n·. idtwl& to 

tlw pow"r law futwlinu 11ith frc· · ;t hhorp tiou. wb0r th<' f'Hiin' t' IIC'rgy baudpas.<, 1nL~ usPd 

--

' ..... 
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TahlC' /.3: Fit H'RH!ts of ASCA spC'd ra IYit h ~ po\\·t'r lit\\' I'Htwfion plus ahsnrpt in11 

Sollrl'e ~ ta r t Jlat l• '" PhtltOn I lm; (2 J(lk('\ ') t' '" PlhtlOU \1 

~aJ IW JUlO/e.ml lntlex Ill - I::: CCJ!/•·ru~ /'1'. (<!,(\,f) Jo·H /tttr" I n~lf'"C (~l.t.d) 

\ l rk·111 t~m: I .O .l. IO ~ ~1.:1~~ ~: 1 .9~~ri: '!.L:I±t\.1 :!. H { I :!O.IJ L·lithc: '2 ,/1 1 ~~ ~~ :I.!Oi llO I) 

1HII-J.U,j , Jf.P j)J)J::~. : ~ 1.~ 1 7~~ ~~ 'litH II.,) 2. ;-U( lhlfi) I J;"lli'X !L:!:!+n IIQ 
·0111' ·l.Xl(IWI)) 

JHtJ.i .O-l. ~.n: n .:;n!~ ~~ 1.-1 ·~~-~ : 1:!1±1),1) I.:r;lllhli J I , J'lhX :!.:!ll.f~-~~ :!.ti~l( J;lffl) 

1 ~m.~.o 1.2~ : It .-m~~-~~ 'lAJ~~: UJ-I±IUJ 1.8'\(l':!f'iS' l. l;)fi>: l.:.n~~ ~~ '1 .. \~t l :lf)\)) 

H>9il.O 1.1~1! 11.1 :1~~-;; '.!,.-,?\~~ ~~ IW±U.i L-IT{ t :tb."\) I. J.1ll; ... :L r;+~·~~ 'l. l:!\12hCJ ) 
H.\9;>.o.:;.ot: U.:ll:~-~~ 2. '*-:!.g.~ : ll 1± 11.7 l .:tlitll '•')) J. l"ih'( :1. 1 :!'1 ~ ~~ :!. Ill( llhll) 

IH!-.Fi .O:).O :J~ 11.(),1::~: ~~ :.!.'il ~~~ : b:i.2±U.7 I \!l(lilllll I IA!h: :!. 1!1. ~.~: l. 71l JOWl) 
L!m,:;.u.;.u.:;= 1 :l.r~~~~·.:~ 1-~~~~ fi:L:t± O.·I I . J~)(~N$ ) 1.-J.ltlx 1.7 •. 1 +~ ~ : J .(J!Jt!)tJI)l 

I ~I~.I).O.'l. Of'i' l:L~.l+o 111 
-0 .• 17 2. ':l:!_g ~ ! .i2.7±0.1 t. IO(!Jh.'iJ 1.-!.ilix :?.HU-t~~ : J.(ISl(lh(IJ 

I~JH;) .U:l.O~' (}.~9~~-~~ :L.oT:':.g g: 1 ~.1±1).~ 1.1\l(lllh} I -1.-lh" :l.:,o -+:~ ~: IA:•WJli) 

19!)6.12.15: J .). lO~~-~~ ; J , Ofl!.~:~3 2.S .. )±I).:l l .:}{l{i7'l) J •• J.'lfi.'l 1. ;-~·~~~: :l.Oj(li;q 

1997.0 1.19' 1 !.1:>:!:~·~~ 1.12~~ ~ : JO"'± H.6 1 .:;~( ll hU)' l.l'lfix 2. II +~-~~ :tJtl( I Jl tl ) 

IH! li .04.:tQ: tG .~:r~g:·~~ :l .IC~.g: 101d..O.h I hit 11 2·1) t. I'Jtix 1. 111!~ ~~ :~ . 11( ll'lH) 

lfl!l7.tn.OJ! Ju.l7 ~~.~~ :t.n::~·g : 1~0±11.6 l. l(i( l:lt-:t) 1. 1-th\': 1. 11~~ ~~ 1J.II:l( l :l"i l ) 

19HT.U;l.ttj! J.).i'l :g:.: ~ :L~t:!:g ~: 7t:i.;±o.;, 1.·11{ II):UI) J •• J.r•fh:: :! .. ~ 1 :~ ~~ :L7>/'\(IO;iJ) 

HJ9/.0;).UI J I .S•I O.r,., :l. Ull ~~ g~ t:l.t± tl.t 1.1:S(X.i0) 1.1.-JtiX :.!.iU'~g ~ i 2.1J1(1'ol l ) -0.5·1 

IUfiT.O.l.OG: J :l.~tr:~: :~ :?.>It,~~ ·~ ! b:t:t±tl.l 1.11 PJ1}t) 1.1:mx 1.;,';""t~~.~~ :!...t.)( l)•J!J} 

W97.0(i.U:?~ 1 ~.2 1 -:!,g :;~ '},,-,;·~~ ~~ :}17 ::1:0.!> :L-tfj( J•I·I•IJ l.l ilb: :l.22!~ ·g~ 4'i .(i7( 111.-1) 

j ff.J8.0- 1 .1:l~ ll.u:J.:!:ri::~ 1.:):j ~g -~g a:u;±o.a l~ .. l( lOllY) IA'1th: L~~~~ ~~ li·I .S( Jf,!{) ) 

;t.lrk{,(IJ 19~JO.U:J.~ I IJ .t.~!~: : ~ 2.17~g ·~ : 9S.2±1.0 f. :l,)( 1\rih) 1./:lfbc 2.1111+~ -e ~ l.fitlj 11 ~7) 

t~l!lfi . O:J:ltl I l.Tr:~.~~ 2.:l:t~~·~! 7·1.H± O •. i !.Wt !W6) l.i'~Hix 1 .!lh~~ ~ : 1 . .-11( 11117) 

1!-mo.u:t.27 lt.Jrl~g::! :t.:u;~~·~ : .l:). J±.OA 1. 1·1(1),-,K) !.7.1!lx 2.1;+~ ~ i J •. J7fiJ.)!J) 

I!N().OI.01 t:l.li~J~g:~~ :!.-1 ·~~~ ~ : ·11\ .U± UA l.II PII I I.I.U'ix :J.2;rf~ ·?. : I .. 11(\1 191 

ltiH8.07.1 S: t:l.()() _!:~·i~ t.ou:::g :~ .: 11:9±0.7 l.:t:tt l.tllh ) t.t:ui::c. l .N~+~-~~ :l .Uli(11fl7) 

I ~1!}~.07.:W t : ~.'lS ~~·~j :l .Ol ~g-~ : I I I:±U.f1 I.~ I ( t:tf!O) I 7-illx 1 .~ t!~.~~ 1.7<)l,l :tlil , 

J!)H1->.07.21 ta.IT ~g-~~ t sm:~.~~ ll·l± U.:O: l.l!'l l i4UIJ I .TJI'i x l.hU!~ ~~ 2.UI( I lOX) 

Hl!:iX.OI:l:j I~.! J~~g·: : 1.01'1!~·~: llti± O.I J.:lil( t :ut ) J. T:Jh'< t .mr~~ ::g l .i' l( J:i l>-i) 

I'I<S'210.) +J!W~! .OS.O:i 3 l.lri!~:~ :l .... r~~·z~ :l12± 0.M l .t.):,t 11~1H) 1.77fix ~.:l t +~-~~ l .:liii •Uill) 

- :IU-1 19~)4 . 0:).1!-J: n .. t:-.::~: ! ~ 2(\~4-6.00 
' -(),(/0 Tl. t± U.1 'l.~Jh( l l:lhfJJ J.Hfix :l,;, :s~~-~~ l. ~\7( I )(I I ) 

JHHb.o.=..:tz: 17,,-IH:!_:~:~ .: 'l.-l rt·~:~ ~ Hl.-J±.i.fl l .Tfi t I01i:JJ 1. 77fix 1.11-r~~-~: -:l. hh( ll)hl l 

I ~)~Jti . IJ5 .:l· l: lb.9o~g_ ·: ~ 2.72~g:~! QfJ •. JJ:(}.I) 1.7 (I U:Sfil l .i7fix 1.4~~~·~~ V;ti( IO:t7) 

HJ91i.0~.::!6: l•l.4 , :g.~~ 2.18!~:g~ I~H() .. ) 1.1" 11 '>1) J.i 7fix :!.:? 1 -4:~ ~~ :l. l :l( Ji.)~) 

IH!Hi. ll.l I ~ l:l .. l T.:~ ·:~ 1,/!f~~-~ ! ·laA± o.:t l.fo6! t(l~:l) 1.7Tirx :l .• \{l~g -~~ ~.; J~( Ill~ I J 
H.lf)f'i.IJ.l?)! 1 u . u:r~~-~ -~ :l.li;-:!:~:~! 41.t;llt.:l 1.4;1( 1070) J.Ji'li.'C 2. ,., +~-~~ 1. '1! 1\)71) 

I l:.."~:ll-1 I9B7.0L II) 1/.(j,)~~ !~ 2.l:l~g ~i lfUJ±t.J. I J.J7t w:p·q lh.llflx l.[Jf)::~:~ : t.:Ji'liU:J~J 

+~ II 19UT.01 .1:{ :uu:r~ : :~ 1. 12 ~e·~:: 9.7•1±0.1. 1.1121·1 ~i:i ) lfUlfi'll: ~.Ji4 ~g·~i 1 J i(<r!()} 

W<JT.I:!.:.W 2fi.oo+i .~! 2,21 + ~·~:: 9.~1h±CI.~ l.ll~t Ill) th.llhx :l. ti;Ji~ ~~ 1.11 { 4·1~) 

1 : Botlt t lu: SlS and tht• GIS dntu W1·rc ll!'it'U. bul dw thtla titk ·u at lllf+d'iuw hit rat1· \Ynt· 1101 tl "l'i l 

IJf·t·ausc.· of tlw $trong: ttll'uteLry sa.turatiou. 

P( \ 2 ) < I '/r.. 
All ·nor~ tLn· I a. 

( F'igur~ 1.2.j (bottom)). 

l:-lc>~~·e,·el'. we musl note thar most oftlw fit arestillunacc-rplni,Jc· . .Assu~w·-l(•d by tlw 

ntpid lilnf' \'ariahility and ihe dtangP> iu fit(' hardn<'ss ratio Pi 1.2..! ). ll•e X.-ntl· h)H'dra 
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F'ignrf' 7.2.3: J! SCA SISO spf•tinuu lit ted to <I power lttw fmH·tiuJL f {IJJ: Tile STSO d<.~ta f()f 1\Jrk -121 

ol>t<tiut·•l frotn I DO 04/2-1 1)0:48:20 to 04 /24 01:-15:00. fitted to 11 [)O""'I' law fnuctio11 witlt Ga.ladi< 
<th:,ot'Jll iou. 0 1dy tlu.· data lwlow 1.0 kt.·\· wa.~ Us('c( [or ria· fi t. t.·f'ntcr : rc ... idnals: 10 a powt•r law fuu nion 

wit It GH I; u-tir a.h~orptioH. bolf 0 111 : r~·~iUualB to a p0\\'1.'1' h1 w fuucTiou wii!J [r<·t· tlh•.orptiou . where th l' tmin· 

Sf ·o ban<l pn.-,ti was uM:d. 

of lilt• T!'\. hlaznr s emh-~ si~;llific-an i.ly dming the obsetnttin11. Tltlls in the tliil'<l &lep, 

we diYiclt•d the oiN'lT~ttin11 inlc) short timl' iMt·n·a18 not to b<' Hft'<·ctt'cl b~- l'!triations uf 

pltnlm xpl'cl ra. \\'" rut I h t•xposurc int o 3 kse~ scgmcllts for eacl1 ami fi tied the photo11 

~p ert rn for indi,·idu•tl 1 imc s<• nll'llts. In I his case. acceptable fit s were obtai ned (P ( \ 2 ) > 
I 'X ) ••xn·pt fnr HHJW of tltr• rl~ t a nbl·aiuetl in 1997/1098 obse!Tatious (\ Irk -121 and \ Irk 

::iOJ : :<t·c- ti G). 

Fur Lh t·Ht' rl't'f"lll ol>b<'l\'ill ion~, we han· to cousirler dfc· 'L rau><rd by the clr radal ion 

of the on-l>o<trd tkll'ctors 11101-e tarcfull,v. iu particular the SIS. L01n~r energy rt•gion (E 

< 1 k<'\' ) is n·porit'd to'' '' a lf< ·eted h.' · Llw SIS degndalion .. -\ccorcling to Yam;1shi ta cl 

;tl . ( l!J!)!J) ;utd Dol1111i t• l liL (UJ09: pri vate c:omntuuicalion ). lhe STS dMa sho11·s ·[[attrr· 

sprr- trum th;m tlw n•al 'i'l't·l t'um . The di~crt•pant,l' hrlwt·en tlu· SIS ;mel the (;[S pc-cfrA 

might h ~ t•xplai tted h.1· I hi' dliTi. lu ll 1 i~ t·ase . 1\'e also lef- t 1 h<• r-a~e 11·here only 1.0- I .J 

ke\' photous <lr<' "'"d fot tht• fit. \\'e 0hti\Lllt' l&ati~f<tdo('' fit s ill I host· cases. 

Th<' r<'sul\" of l'Otllhin<•d li t pf tht• '1. ' /G IS spr-dra takrn from l!J!J obscn·atiuu of 

:- Irk 1:?1 fin• l i~tt-d i11 Tab!.• 7.1. \\ 'p selt •c tcd thr tim<' n· ·inn from 1098 ()cl/24 00:-1 '::?ll 

to 0~1 /2-J. 01 : l::i;(JO, ht>cn n~<' the't' ilttc rvals "r~' rxact ly owrl appcd with fl cppoSAX nh-

1.3 RESCLTS FRO.\/ SPECTH.-tL STI.: DJES l(l j' 

sern1lion, h<> nce t hr cros, -check of I IH' rc•Mdl" is possiltle. \\ 'p abo IIL>le Litat tlltrinR tlti~ 

Ltllt'rV<lL the ::.O iltT<' rouul ::. ar(' rdalin·ly lo11· aud W<' n ut liM' th•· GlS d;1ta ;ts ~~·~11 (!i 7.1.3). 

The lJf'st li I paramett·r~ tiel ,~·uJinetl re~pt•ct i1·t'h· h_,. Jitl iug the ST ·o, STS I , ; IS:? '"'" I :JS3 

data ;tre <Li~>o _howu ill lui& Table lA. on lid,·nn· con tour pluts of s pt>e trallil s aH· 1-\i,-,." 

iJJ Figme 7.2G. where contour lrn·L~ of 1 rr. 90 'A. ami 00 'If arP sh(m 11 . 

Tablc 7.": HC'su!l s of SpC'dral fitlillg of :\Irk cf:?l wil h it pOW<'r law fulll'l ion pit"" IJ::.orpl ion . 

~ fj ::_.~ it)U D,·u.•e tor s 11 Phowu Flux ( 2· 1 Oh· \') I 2 

1020 /n 11 2 l11d~·x 10 12 <·rg/n ll 2 /.> (d.u.f) 

ASCA SJ 0 13.80~ 1 ~~ 2.GG~~ g~ 115±·1.4 1.1 (9 ) 

SIS I 1!).() 5!~ i& 2.70!~ ~~ 132±-1.7 Lltl( lll ) 
GJS2 5Al!~~~ 2.G2 -~ g~ 149±-1.1 0.70( 189) 
GIS3 5.61 ~;·~~ 2.65~~ 3~ 15~ J. 0.9-t(205) 

<"otubilll' (0.7-T.5 kc·Y) 1G.l3~ ] :r, 2. 12~~ .8~ 1·16±2.1 I. II(GII) 
l'Otubill t (1.0- i .5 ke\ ') 1G .!lo:-t~g 2.12+~ g~ 116±2. 1 Lll8(5 1 ~) 

o .. m froJJl 199 0-1/24 00:48:20 to O·l/24 01:-15:00 were '"''d foJ• tit<· fit. wht•IJ !ISCA <UJtl llq•poSAX 

h$el'v(•cl :\lrk 421 rouU' IIIJH.wancously. Firrin~ TIIOdt•l i:-t rL p OWl1r law fn1wtion plus f1't'l• absorption . lllt· 

ASCA c m·th'Y b;:l. ml. All errors a . .rr 1 u. 

-.~--~~--~---7.~ .. --~~--~.~~~ "' ,.,, 
'1~ .. ------tT~,.-~~ --

Figure 7.2G: Conf-idl'II<'C coulour plots of :-.pf•t'tf'a.l riuiug, for !\ frk 421 oh~'· n·atiou i11 1908. D~tbt 

fmm Hl98 0 1/2-l 00:-18:20 tu 04/24 01 :-15:00 w•·rt· n><·<l. WIH·u I ISCA it lid 13• fii' IISAX ol>st·rn•d ~ Irk -121 
c..·outL' Il.IJH)rHII.I.'OUs.ly. Tlm.•c· t't)utour l<.:v<·ls for 1 a, 00 'h r.ud 90 'ft nror.:-. an· slwwu M'piW'i.Lldy. Tlw n·~ult 

Ht·t• smuutariZI'd iu Tahll• /A. 

H~std! s offilli.ug fall photou specl ra ofT"\ . Ila7ar~ 11·i1h a po11·er law fttJH·Iiuu plus 

fr\'e ;,b&orpiiou. are sulllmarized in Figttr<' 7.21. Tlti:; figut<· sltows ILe clistrihu ti0u of 

lumiJtosit~.- nml pboion indic:~s. ll'b0r' lumino5itv i~ simply c-al·nlated fmlll lite 2-!0 kc\ · 
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IJnx utnlitpli<'d IJ,· 1-;;r!'f. (~<'<'. Tablf' G.l ). One find~ I'm dem lr<'llrl' [wm rltis figure: (i) 

lit~ plwtou sp~dra an• '>t('(']Wr for lti11,h hnninnsit~· snllrCt•S. (ii) ll!r spectra tcn<l to be 

Ji;ll'll r wlt<'u tlJf' '>OllrCf' lwc·mJJt'~ hrip,bl<>r. The latt ('r ~OJTt'spoJJds to lh<' geul'ral tr('nd 

found itt R 1.2.2 tlntt tiJ<• Yarinbilit)· amplitude ht·comc·s larger at increasing photon en ' rf!;_v. 

110\YN'<•r. lm""' di~lribulion effluxes ,·<'rsn~ photon in liC'es i111plie~ that n nuic·t~· exist~<fClr 

incli,·idn"l f!;n·c·b. ~~ wa'> illlplit•d hy th•• day-by-dm· flares ohsPrn•d in \Irk -121 ( FigttJT' 7.7). 

1ES2344+5l4 

-2.0 

-3.0 

103 s 104 s to5 s 106 
LOG 2-10 keV Luminosi ty {lO..aerg/s) 

Figurt' 1.27: Di );; tril~tariou nf lnwi11osil~~ <Uid piHHon iudirrs for all obst•rnniun.s \\*ith JlSCA . f\.lrk 421: 

frout 19~:J t•• 1998 cl~et;~ ~ I rk 50t: frout 1996 to 1998 datiL P t(S 2155-30•!: (rom 1993 to 199G <lata. J.ES 

2."l,l-1+&l t: fwm lO~ll d;t.ta .. FlHxt•::; arc sin1ply <'OIIYC..'J"t(_•d io lutiJ.iuo:-;itit•l) b~- mnltipJyiug =hrdl, when .. · d1. 

j ~ tlll' lllllliTIO:,il ,Y (\j:;:ti-ltlt'('. 

1.3. RESC'LTS FJW:\1 SPECTR-~L TL'DIES 100 

7.3 .2 Fit with a Cutoff Power Law Function 

Since th • photon spt>t'lra or T<:'\. hlazars ~Low l'Oil\'<'X >hnpP. "" H"' auotlwr mndt•l wltidt 

i~ <'X!JC ted to fit the spvclrum 

d.\' C'al 
dE =.Yo x cxp( -.V11' x rr(E)) x E 1 x t•xp( -E,j E). ( I .J;I) 

\Yitrre r is I !te photon indf'X ami £ , i~ the l'U torr ('Jl ·rgy. I'C.'>j)f'l't i,-rJ,-. This modl'l Ita~ I \\'1) 

ad nut ! ag(•s. Fi1·s t . ()Ue docs nol need the Hydrog<'u coht!lJU d<'n~i J_r io ntr)'. w!tidt is tunn· 

plt_,·~ica l. Sccoucl. lhc hwclion has a simpkr form. One r·au diftrrenlial(' tit(' r·nnc-tiou 

analytkal ly. 

.-\n intrinsic photon SJH' trnm (Galadic absorption conw·lt·d) iu ,,F;, ~pacr (r.g., ~ 2) 

is ex pres .. Pel a~ 

(1.1-1) 

The peak energy Ev and au a ·ociatcd error ou Er an• ~;i,·cn. 

(I'> 2), (I.J 0) 

''here uk·, <wei ur an• t•rrms on £, m1d f. re~pecti1· ly. One' cannot del nninr Ep for r $ 

2. bccausl! in urh case~. the spect ra are monolotwuslr rising iu th total ll<'rgy hnnl. 

The resu.lls are lis led in Tublt• 7.0 . .-\ s 11·cn • dont' for 1 he· l'rc:e absorpt iou moclt'l in ~ 

1.3.1. "·e divided the obs~ tTatious ·inlo 3 ksec expo:;ur(' SPgJlH'llt'> and fitted thP plwtn11 

spec! ra fo r individual segnwnls. In this casf', s tatistically acccpl.abk JH (!'( \ 2 ) > .I 'if) 

wf•rc obtained for all sourr.es. 

Fig1u·e 1.28 shows au example f the SlSO ~'j'lcrlntltl fitted t..v lltc: r-utolf pmn•r law 

fuuction and its resithuJ:;. Datn are. ame as Fi[!,mc 7.23, hut the filling mod(') i~ thr· 

rut oft' power law funriiou. Tlw result of combined fit uf llw SIS/G IS SJH'dra la.kru from 

l998 observation of \ Irk 421 me listed i11 Tahl<' 7.G. Go"'lnr"~;~ of fit i~ almost r•qtt <ll to 

tha t for tlte free absorption modf'l (Table 7.~ ). 

Rt•&ults from filling '' II th<' pltoton. pcctm of Tc-\' h),,zars with r·ntnll' pow(;'r law ftmc-­

tion ar su.rnmarized in Fig1tr0 7.29. The distrihul ion of peak lutuiuo~ily Lv n•rsus [WRk 

energ,· Ep i sho\111. The• 1wak ltu11inosit_,. is. imply takulatl'd Iron tiJl' lumiuo~ity at E 

= Ev· Four~,\· blaznrs nL>sr•JYf'<l with ASCA han: their JH'aks iu ill(' .\ - ray <'llf'rgy hand: 

0 .. )-2 kc\' fur \ Irk ~21. 1--J k€'\ . [or \ Irk 301, 0.-:i-l.G kt'\. fell· Pl~S 21.);)-30-1 ~nd l.:i-3 

kc\· for lES 23-ll+0l4. 

One liuds a c)(•ar c >rrelation between the Er and I hC' Lp fell both \ Irk -121 atlrl :.. trk 

·:iOl. while the correlation is not dear for Pl~S 21:J3-.30 I. Correlalious f(Jtntd J'CJJ ' :.. Irk 

121 a nd :.. Irk 001 m·c- quit<' diftcn'ttt: a lnmiuo~it~· d1angt' of an rd('r of tnaguii udC' would 



]}[) cn-'lPTEH ,_ AXAU'SIS .-LYD HLSnTs OF ASCA on ERnrwxs 

T~thlt" / .. :;: Fi1 re~ull ,[ ASG'A opt·c!r~ with a t'UitJit' powc•r la11- fuuc-tion 

\Irk -Ill 

\Irk .)01 

1'1\S 11;'>.) 

:<OJ 

<11!' li t• ILS :l:ll4 

+") ll 

Slatl l).u l" 

I:)~J:to~~. l'l: 

I 1JU -I .U,1. lh: 

1?11-).U-1.2'1! 

J!)!I~.(J.l_:l ' 
Jll~n.ni.:l!l: 

19l),).(l:i ,()l: 

Jm),j.().::, .u:p· 

IH1JZ,,t):J .O.;: 

J9!J1.0.).0t): 

J~}l);j,().i.ll!>i~ 

Jmm. 12. 1.'J: 

llllJI.Ot.2!11 

t!JI)i.U1.;JU: 

l!lfJi.\):).01: 

IWI/.05.():1' 

L!J!)7.(,1,)J)-J 

lS)Il/.ll;'i.IJh; 

IH~>T.06.01: 

I!NS.IM .1::l'' 

JmJfi.o:l.21 

JC)/)6.():1_2(\ 

l~l!l<UJ:I.2i 

l!l ~l!i.\1 l.U1: 

IUHt-.0/.1 , ' 
J ~l!l~.ni.:W 

lH!JS.Oi.2 l 

1011~.UT.:2a 

1J!,m:u).;.o:t: 
Jt)f.).l.{):)_!f)l 

lll9Ci.O:i.12~ 

IHHfi.O.l .:J-1: 

I!J9li.()."l.'l()l 

Jm>h.tl . t·l; 
Hll)(UJ.I.;: 

Jl)l)i .Ut.lll 

lfJU"i.Ul.2:l 

19!)1. 12.:1() 

.\\1 L, 

ICJ!il /Cill'J ke\ 

1.-lf•fix O.b.;~~ ~~ 
L.-IJiix U.!i:l:::~ ~~ 
lAMix tJ,VU~g_g3 

L-I;",Jb: 0.7-1~~:~~ 
1. n1h O.HU~~ :~~ 
1.-lt>fls ll .>->1~~-~~ 
J.lili:-: () . //~~ ~-: 
lA-'ifix tl. ~(j~~-g~ 
(.J ,)fh: o.<"Lr~3-~ : 
l ·Dfi:x (!.~~~~:~~ 
1.-1-")!i:X 1 .u~:~:~~ 
1-J.;fix I.IR~~:~~ 
1.-l 'ifi-;: 1 . 1~~:~~ 
J.nfix l.lb!g: g~ 
lA--1!lx J .og:!tg~ 
l.liiolh: I.(Yl!~ :~~ 
1.-l.)fix I.Ofi~~:g~ 
1.-t;;fix l.~l!~;g~ 
1.-Ji\11)( 1.10:t~g 
1.7!UL'< ()_{}~~:~~ 
t.J:If1x 0.7~ ~ :~ ·: 
1.1:mx (1.7.1~~ :~:: 
L7~Uix 0 .~:,!~~:~:~ 
t.nfix 0 'j+0-03 

-0.1.13 

L7:Hl-... ll.SU:~ :~~ 
L7:\fi, (), '2:!:~:~~ 
l .i:Hix o. 11:~:~i 
1..71fLx UA:r~~~~~ 
i.77{i'o! u. ·,~~·~ : 
l.Tif1x l . l · l~ ~ -g! 
l.TTfix I.J:,·~g:~~ 
1 .. 7/fi.x u.~)l::~:g~ 
l.i'Tfh: 11.~1+~:~~ 
Li7fi._. o.nt ::~ - ~~ 
lh.Ofi'( U. iH~t~= 
J(i,()fi'( 1.111 ~~. :~ 
16.11fi• 11.10~~: :: 

Photou I hiX (:!~l()k.-.\) I z 
Judex w- ~~ ,~rg/Cm1 fr, (d.o.f) 

:tH)ot:~ ri: 2-I.Ocl0.2 t.:IO(JtO:l) 

•1..)6~~ g! :! .l: ~±O.~) 2.7lillli0.i) 

:l.i~~~! 217±1.) 1.:1!1( t:h}!l) 

1.()~~ -~~ JH:!±J.fi I. - ~~ ltG~ ) 

:u~:~~~-~ : },)U±I.J l.-16( !:!fiR) 

:LU!)~g-~~ l:l2±1.l I.:l:l(l\ .;9) 

~.~,;,~:g_~~ 01.--1±0.7 1.111{ 1001) 

:1.on:!.~:~~ f:H.-I±tl./ 1.2!J(9!lS) 

:to·J~~-g~ .\:l.I±O.fj Lon(n~<;J 

:u~~g-g~ -11.7± 0.·1 1.2U(H IGJ 

:Hf)~:-~~ 2~ .. 1±(1 .• ; J.:L-4(7 72) 

: tO!)~~-~; 10Ci± 'l,2 t.:;·\( 1169 ) 
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f: D:~ta froHI hot II ' 1. ~ Wt'l'l' ltS(•(.L lJUt lhe da.w tak('JJ .. t llll·J.i uJu lJit n-tH• Wt·n· IIUl nt-ed I>C{'a\1.\)C,.' uf t ill' 

-..trolag fl·h·ul<'lr.Y ~~l.t unttiou . 

: : 'Tiw -...nurn· W<lS wtriabl~· durin~ Lht· ObM'L"\'atiou. Pmbabilit~· for ro11s:tant fit nf tilt Eght CW"\'(' w;.~;, 

1' [ 1'1 < t '/.. 
.\11 •·rror:-- il{l' l o. 

<'<IIIRI' on].~· f<tt·lur 2 ('hang\' .in tlw JWHk position l'nr :Xlrk --121. whilt' it 111akc\~ morr than 

J';w((,r tO chnugP for ih 1·:t~t· of :X irk 00l. 

/.3 l?£S'l'LTS PRO.\ / P£CTRAL . T[ 'DIES' 

1.00 
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Fig·ure 7.28: ASCA SlSO spcrtnwt litlt·d 1.0 a culoJ!' pow\·r law (uuttion. top: The S ISil data for ~Irk 

121 obt<titwd (rom 1998 04:2-l:00:48:20 to 0-1/2-l 01:-15:00, liltc·d 10 a puwr·r taw ft u ~t · tioll with ,,.J,..<·tk 

ahsorption. 011ly t ilt· Ua.ta. b<'low 1.0 k(·V Wl'l'l' tls(·d for dw lit. n n/( r: rt·sidna.ll'\ 10 a. pow<-r law f111tl'tiou 

wir l1 Galactic absorpL i0 11 . botf(Jrtl: rC'~itlual s loa. <·utotf lH)Wt·r l ~t\\' fn1wtima wit l1 Gtl ladi1 · Hl)!<otlTJitiou. 

wht·rt· the <'Iltirc- Sl SO baudpn.ss wen- U:--l'd. 

Table 7.G : R.ebults of sp t raJ littiJ\g of \Irk -121 wilh a cut of!' power I ~"- l'un<' lion. 

i\JLssiou DL•tcc.:t.or £. PlJOtOII Flux (2-lOJ.c\ ' ) \:_I 

(kt·\') fndl'X lO _ , org/c>u2/o (<l.o.f ) 

ASC.4 SISO t.oo:!:g ::, 3 00:!:~ gg 142±7.3 l.l<t(OS) 

SISl L ·IO!g·:~ .3.25~~ : ~: 129±9.3 L07( I l J) 

G!S2 031 ::g: 2.12~~ :: 11 ± .. ) 0. 7~ ( t 0) 

G!S3 0.31:!:~ :~ 2.7.t+g :g L.>4H.O 0.94(205) 

co>uiJiuc (0. 7-7.5 kcV) 1. rr~g -~: 3.()7~~ ~~ 143±2.1 l.I6(G I1) 

l'<>llliJi ll t' (1.0-7.5 kc\ ' ) 0.09 ~g :~ 3.01 :!:~ 3~ 14.-1±7A 1.0G(5•1-1 ) 

o,..,, fro111 1008 04:24:00:48:20 Jo 04/2-1 01:45:00 w<·r<· ""'d for t·hc lil, 11'1><•11 ASC'A "'"' Dl')<llftSAX 

oh:--t•rn·d 1\Jrk -121 c.:o u ll' lllj)OL"CUJeou$ly. Fit ri11g: Ul(H.ld b: (1, j)O\\' (' f hi\\' fuuc:tinu plur; c:XjJUII''JHial f'ut.otf. 

Tht· a.hsorptiou i:;: 1ixc.'d 10th<.· C<d<:tt·tk \~ahw. Lh l-' ASC'A t•Jwqu· baml. All ('lTOrs an· 1 u. 

7.3 .3 Shift of the Synchrotron P eak 

.-\s sltoii·H ill Figure 1.2D. tb · pPaks of 11 F v sprdra arE' round in !he· X-ray E> nrrg_\' lJaud 

lor 1bc lour Te\.' blazar. stndird hy us. Con.sid~riup, tlw tou,·~-x ctuTatun• of t!J<' X-ray 

photon Hp<•clra. this is likel_v to br bc·('ansP 1hc peak of thr ,-_vnchrotrou (LEl compoueu( 
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Fj~llfP 1.20: I j.,tl'ihutiotl of pt·ak IHII!iuosit.r J.p n'I':.. U!:i prak t.'ll<.'rt;;.r l'II 'TI:;Y Epa.:; d c·~t: rib .. ·d iu t lJ L' t1·xt. 

is localc-d iu I he· :'\ ray ln11td (~eL' fi 2). 

To sr~ t lw time• t'n>luliou of til<' photon S]Wdr<t mon> rkar.ly. \Yc show the photon 

sJH'dra illl'F,, span· (Figur<' 7.30). Tlw STS sp Tlra \H·rt' coUYoln•d from the cutoil· j)O\\'er 

lu'' fnnctitnL \\·,. di,·irkd the total ASCA baudpa~& (0.1- 7.:., le\') iuto 22 logarillunic­

r·'LJ II ill Pll<'rl\.1' bauds lo n·dncr errors . Fip;nrc 1.30 shtn\·s thl' rombinc·d rrsnlts [rom difrcn•nl 

,,J,sr·natious. The• spPct r<l l ('\·oint ions clnriug iudiYidual obse tTalions arr> summari zed iu 

.\ ppeudix E (fi~tun· E.l-E.2). 

M rk 421 

:.. Irk -121 shu\\'s \'<'!"_\' mnrl M hhift s in thr• pt•al< posiliC>u. lu 1DD3 obst·n·atiou. when the 

snutTP \\'as lhl' fniult•st. lhr· JWak was localcd hc·lo\\' 0.1 kc\·. For lD!J~-l!JDI obb ' !TU[ion~. 

\\'<' oll'IN•t(•d tlu• JWilk ;m•uud 1 ke\". \\' hen thl' sour<·<' '''" tlH' brightc·st in lD!J ', llux 

in<'rNih<'d nwrP than a f<H'lor of 30 than I hal in LDD3 and thf" peak \ras drt(•<·trd at~ 2 

k \ " . . \ norrdatiuu ht·LI\'l'f'n j)('<lk <' IWrg~· E11 <\ml p ·nk lumino~it.'· L" is <'Xpre:,sed as Ep -~ 

L.::·11
' (sec·. Fi~tllr<' / .20). 

Ul ID!JG .·\pril "1."('1\'aliou wheu :..Irk 001 wa~ i11 tlH• fainl<':,l slate. the syuchrotroJJ Jwak 

Wtls deto·r·ll•d at I kv\ ·. F'or JD!J8 IJ. n·ations, til(' JWak wa~. hifl<'rl to a signific·;ultly 

hi h<·t <'11<'1' '.'· (·I lw\") all hough all inn~asr in I lux \\'ah rl'ial i\·eh· Sill a ll (f<Kior of 2). F >!' 

1.3. /?£ CLTS P/W.\1 PEC'T/?. \L SJTDIE -, 113 

this SO\IJTP. <' (']o•ar ('llrl'l'biJiOil bct\\"PP!l thr JWak I' JlPI'fl,,\" <Htd t)u• jl<'ak ltlltlillllSit~· Cillt IH• 

expw~>ed as Er L~," (b<'<'. FigmP 1.2D). 

PKS 2155 - 304 

P l\S 2133-304 was brightf'Hl in IDD3. \\'ltik il was Lhl' fainiPst iu J!J!JG. fut No's tiu!\l.r, 

lio\YC'Vcr, synchrotron 1)('>\k rxi~ts ],(']o\\' 0.7 ke\" during LOD3 obh<'tTation. Inti «rntuul I 

ke\· during 19!JG ohsf't.Talion. The spec! ra in ihe lmvl'sl sl al<' of 1 !)!) J <>i>~<>n·~t in11 an• ,·,•ry 

similar to thai in Lh<' 1093 ob rn·atie>u . hul the flux is lo\\"rr by" faclor nf I. Then· »<'l'tns 

no clear correlation betm"<>n Et• <lltd Lt>· ns ,,·ns suggrhled frotn Pigme 1.2!J. 

lES 2344+ 514 

IES 23~-!+jU ,,.as hrighte, tin .Januar.\· 10 (l!JDI ). whi lr it ,,·as lite• faiti!C·hl i11 0Pn'ntlwr 

20 (lDDT). Synclue>trnn peak ~rt'ms to l>e s ltif"I.Nili·mn I kP\. to ·I kc\ ' L"O!Tr~poJJdillg to 

the factor 2 increase in lhP flux. This suggrst lh;ll lh<· sp<·clraJv,·ollltionof' 1 ES 23-J-J+jl -1 

is similar to that for :.. Irk ::iOl. bul nol c-onrlusi,·e ilcc;ause of lite )ow phoictJl statis t ic-s. 

and b cause there are rcluli\· ·]_,. Jc\\' ASCA ohsen·a t ionR. 
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Chapter 8 

Analysis and Results of RXTE 

0 bservations 

8.1 Analysis 

8 .1.1 Data Reduction 

To reduce lltC' PC.-\ dat~. mo. first ~r l ried the d11t<1 h.1· orhit<1 1 c·nlldilic•lls ~11d poiul i11g 

stability. Tlw mLnimum rJp,·ation aup;IP from the Eart h\ li11tb wns sd io bC' 10 dc•gwt•s. 

\\" excluded th· data obtained during thC' pa&.~ag<' through tlw South .\tlHntic. Hullwl.'· 

(S.-\.-\ }. Sim·p lhe PCA dt>lcctor is neti,·atrd duriup, tlw SA.-\ a11 tl lhe hal'kp,Touud i11c · n·n~r;, 

sig1tifi ·ant!Y just aflPr the pas. age, 'W oJL!y use lh<' data who'll the ha..-kgronod g<w:-. back 

to llie quieRccnt leH·I and bee llll'S quit<' slaiJic. wLi h is typir·ally 30 minutes afiPJ· 1l u• 

SA.-\ pas. age. Sine til\' at til ucl ' or Hiltellite is not stable juHl AflN ch:utging tit(· poi.ul iug 

clirctlion. we excl uded i h" datil obtainrd when thl' difr,.rem·•· bel \\'t•c•u LIH· ad nal poi111 ing 

clirt'ctiou all(!. chedulcd dir<'rtion is largrr tb ;1n 1.:2 arc111in . 

:'1 xt we eliminated th dala which indud<'~ ~>ignificant .. 1 ·rtron crJntmnination. Elr•c­

trons ncatC' backp;rmmd compouents by interaction 1dth spar<·crart t•r detrctor hody. 

To ana.J.,·ze th · faint sourceR. the PC.-\ le;un rr·commc·uds filtr·rinl\ out timr, wh<'u elerlrol! 

rate i::. larger than 0.1. "·hidl is t ilf' rrit 'rinu nl><'d iu this lh<'sis . . \ddi1 ioual dal a &PlE'c·tions 

had br·cn clonl' fr m ,·arion& operatioui11 r <~sons. 

lu ~ l fl.r ·h L!J96. PCU3 and PCC..J bc•gan to cxp"riPIIf'<· o('ro.<.iomd lnPakdowll~. Sim·!' 

lheu, these l\\'O PCUs. indivirhtall.'· or logNhcr. ;u·p oec·a~icm~JJ .'· lmuerl off ln prt•\'t'lll 

furth!'r dama e. \\.C' lllll~ mwd the• chi a (lld.V from 3 PCUs (PCUO/l/2} \\'hos c·xpnslll'f' 

lillles ar, mudt largN n11d uuiui CITuptcd thautltosc fnr P ·u3 aud PCU l. Tht' PCU. !Jan· 

three xenon la.1·ers (XI. .\2 . .\3) earh t'uusistiug of two nuodt-s dtaillh ( Ld't. Rigltt ). TltP 

110 
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lop ]Hy<·r t[Pit>r·t> rnn •lth· !)() 'X or· ihP rnsllli<' phot,,n,. ;md .JO 'X of the iulernal instrumental 

iJ11<' kg,r11uu rl . Thu. 1 i.C' b'·~l ,,ignal-tn-uois•· fur ,,-c,tk soiii'I'<'S art• ad1i >\·ed b~· s~·lt•('tiug oDI,r 

l'n·11 1s front 1 Itt• topJa,·pr ("Xl) m1d ex.-Judi11g !'l'l' IIIH from I h<' mid and hot tnlll la_l·('r~ (X2 

nud X;J), TJ.<'h<' rrilrria fnr data n•dtwtiOJJ nre &ulumarizC'd in T<1 hl<, .1. 

Tabl•· .1: Sc1·rcning crilerin for RXTE analy~iH 

EJC'Vi-lliclll a 

.-\ll. St abilit _,,b 

Tinw ~inn· S.-\..-\c 

Elec1rot1 Rat e~ 

PC _0:'-i' 

Layt•rf 

ScrreniHg Cri I t'ria 

< 10.0 

< 1..2 arcmi.u 

> 30 min 

< tl..l 

PCLO, I. 2 (PCL3, -1 11·erc not u. <'d) 

_\] only (\.2. :\.3 wer uot used) 
(l Tltc• 11tiu.iUHIIII 1.'1(.·\·atiou anglt• abov(· rlw Earill '::t liJUlJ 

b Tlu· maxiutuul Iluttna.tiou iu tiH: pointin g diJ·c·ctiou 

r- Tilt· ntini111111n tiwe -;im."f.' I Ill· SA .A p<l..'i!j<tt,t' 

t1 Tlw uHL\;IUUIII r<.ttC' for <.' ll'{'l/'011 hac-kt;rouad 

c lD of PCU::- u~t·d in tlu.• <IJI(.I lys]!) 

.f UJ of PC lay4·rs u: .. ed iu t lil' a:mJysis 

8 .1.2 Backgr ound Su btraction 

. \l't t·r th!' h(Tet'ning, pruccsscR 11·ere dow'. we es timated llw PC.-\ background for carh 

t•bHcrnll ion. 'in.,, thr P '.-\ i~ not a11 im~ging det ector. tlw modeled J,ackgroun<l hM< to 

II<' suhtradPd l'n>.lll the source data . The PCA backg-round consists of t1w components 

("<'<'. li .-,_:/_ 3 ). Om· i;. t ht• di[fu~c Hk,l' background whir·h <'Ilters I hrouglt the collimator as 

X-ra.1's. nnd thP othrr i ~ t!Jr· int<'rnaJ hackgTouncl which H.rises f'ro1n interactions bt>twecJJ 

radiatit'" or [l;u·tid s itl orl)itnl Hl'ironnwnt 11·ith IIH' dt't rc lor or spncecrl\l't. \\'!Jil r the 

~k .v lmdq!,TOlllld is a~sunwd In hr cnn~ta nt at ani' one pointing position, the inl enwl 

hadqJ,rouut! 111<11' l'ar,l' a" till' rh •tf'(i <Ws lll<•l't' through dii!'cn•nl <tJlthicnl cnnditinu&. Th 

,., , illlul itlll or ha!'k 'ITIIllld ih bahl'd (lll I b(• detailed IIH)<leling of ndinHinit , C>'prcia!l,l' rluring 

the 5.-'c.\ pah~ap.r> Hud in~tunt <\ ll<'ll ll~ JM.rticl<· !lux wming i11 to th<· <[(· lector. 

To t•stinral<' I he hnrk)!,rou nd. 11·c· use I he latP.<. t \'l'r~ iou of pr·"b"rkr.<l (\ 'ersio11 2.lb) 

supplit•d from RXTE OilhCJ'I'<'r Faeilit .1· ~~ tir e :'\A,.-\ GSFC'. It i ~ a~~tllJl('d l!tal the ill­

lt'lWd ba<'kgn11md ntrit•s on a litH<' ~c-ille lon~ comparC'd 10 lG sf'c-oucls. the· na tur•tl ti uw 

seal<• of till' I ·.-\ /(lndord-2 data (svP ft 0). Tilt' lJackg-round mock·! was c1·aJua tl'd once 

3.2. RESC'LTS FR0.\1 T£.:\IP0/1--\L TL'DJES l l l 

cn·r~· lG ~c·coJl(ls . and the Pquinli<'lll ol' a tanrlord-2 rla1a fil<' ~~-,,~ t-rf'nll'd ll'ith ~c·paral<' 

iJJfonnation for r ac· h d0t •ctor ami Parh awJdl' r hai11. \\ '" appli"d all nf lilt• good Iilla' 

imcn·als to the nulptll lil e.', JroHl pcrdmckcsl c•xartly <1~ II'<' did tn tlw S irrllllnrr/2 data. 

8.2 R esults fr om Tempor al St ud ies 

8.2. 1 T ime Va riability 

\\'e first . tudy thC' time nuia l,ility for earh hOillT<' . J,_,. llleau~ of PC.-\ count nli<'S uurin!'. 

tb <' observations. Cuunr nHI'& are <'Xlrad~d from the SHill ol' lit< ' PC U 0, land:! data . 

To ohtai11 the best bignAI-lo-tr oist' rat in , only llw data for lilt' PIL-\ dwnllf'b fr""' G (2 .. j 

kc\' ) to :13 (20 ke\ ') Wf'I'C u~ d iu thr !'ollowi11g analy~i~ . 

M rk 421 

T he• light curw•s or :.Irk 421 h·om Hl9G to Hl97 obst·rval iou& nrc· sit '"·n in Pip,urc· . I . Till' 

somce was the f<tintcst i.n l!J9G Dc•cemb<'r (-l- :J ctsjs for PC.-\ ) aud ihf' hrigllll'S t in HlOG 

.\la.1· (20-1::i2 rl /s for PC.-\ ). which was tlw ·hang<' !' mor 1hn11 f;H'Ilr of :lO. :\ole 

I hal lh mnplitude of variation is larger than that ohRf' JTed willt AS 'A in loll'r·1· :\.- my 

eno>rg_v ba11ds (Fig\U'C 7.2). In 1\dditi 11 to litis Jargr-ampli tude. loHg l<'nn l'ari;tiJility. thf' 

data rc,·ca l \'Pry rap id variabilit.l'. on time sca les as sllort as !tours tc; da.1·R. ln pa rlir-nl;n·. 

llux nu-ialiouR in l9!JG .\ la1· (F igu r<' 8.1 (b)) arr• rPnt<lrkirhl . wh rc• tlH• flu x iliCT(•a:,c•d ;\ u<l 

dec-reased by a factor of G wit hiu a day. T lw occHrr<"ucr or rl a~·- b.\·-day flare:, i~ in,plic•ci f'r01n 

the fignrc. a~ waH dearly detected during the 1908 c•hhr•rqtioll 11il lr AS 'A (Figun· 1.2) . 

M r k 501 

The lig-ht tmvcs of .\ Irk 001 arc summmi Z('d iu Figure 8.2. TJt<' MJIItTe was llr" l'aintP~ t in 

UJO .\Iay (2G- 34 ci s/s for PCA) aJtcl the brighte&t in 1901 Apr-.Iul~· (G8-20l ctsjs fnr 

PC'r\ ). wltirh 11·as il thaug<' of a factor ~10. Subs('quent anal.v5i'l rrvPaled th11t tiJC' HtJxrs 

ol sen·ecJ in Hl97 . .\pr/ .lulv ar e the historic·<~J record for this ~uurr·•· (figurP 8.2 (d)(f)). Jn 

1008 .\ [ "~·-we monitored the sOtliT<" almost continuously for IM• days lo st'iliTh for tht' 

rapid time ,·ariability (fig 8.2 (g)) . Abour 30 'X Jiu(·tualiou in tlw flu x was dPlCtt<'d. hut 

tJt,. sou I-ce did nul show an~' signifi<·ant 1·ariat ions ns shorl as 11o11rs. 

PKS 2155 - 304 

The light CUI'\'PS or PI\ ' 21.J::i - 3(J.J from J9!JG to 1008 ohscn·atit~ns nrc sho\\'11 ill Figure 8. 3. 

TJw ~OUITE:' \\'as the faiur<·st in W08 .JanHaJ'V (-1- l3 c! s/s for PC.-\: (<')) aud t!1 P brightc•st 
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FiJ.!,llrf' '. 1: PCA li ~lll ·urvc~ of ~ lrk -121 front U)!l6 to 1097 RX1'B ob:,<'n·a.tio ns. T ilL' !'>Ourc:c t:oullt!) an: 

t'X:Iril4 '11•d frmn I1C'l" n. l tl lld 2. Till' binuiug tilllt' b 102-1 M,'('. EuL·r~.Y baud i::- 2.5-20 kc·Y. Eatli ]J<Uwl 

.,,..,...,J•t>lld' 10 t]IC· cl a ta: (a) 96/~/l'J- ·1/23. (1>)06/o/ - 'i/21. (<·) '.JG/12/10. (d ) fl</~/2- -1/ 12. (c): 

'J</1/29- 5/h. ( f): fJI/G/3. 

i11 l!l!lr :'<un •ntl t•r (-11 - ;:iG rl~/~ for PCA: (d)). 11·hich IYak lh(' change of a factor ~10. 

Obscn·alio iJ ~ in 199() :\ Jnr ''''" t·on du ·tcd a!mo~t t(ml innou: ly (f'igmc .. 3 (a)), pro1·iding 

tlw I•Ht gt·~ t tutittll'rruplrd .'\-ra .1· data of thr sourrl' for 12 days. Duri.ng the \ l ily l99G 

C>~l1l(lni ·11 . t in' ~< •ntn• wa~ highly ,·ariahk and or ·tnT ne-e o f ~ 10 day- !Jy-da1· flar<'> is 

clear!.'· St'<' Il. 

All Sky Mouitor 

fi!';ur 8. 1 shows tht' qri~tio11 roftl1r A '\ [ <'OUIIl rlltt ·~ from 19DG to 1099 for four Te\' 

(,] ,..z,..t-r-.. !11 tlw lit;m<'. wr hinll<'d l ltf' data into 10-daY to rt'ducr the C'rrnr~ on Huxt>s. 

\Irk 121 ~h owrcl the flux l'nri;1Jin11 of a mor<' than factor lll. <lllrl tlw high(''t llux 11·a~ 

ohsf'JYI'd i11 . \pril lD9 . T his 11·as ih<' ~poL·h whi'II thf' AS(.'A sa iC'IlilC' a lso ohst'1YC I \ l rk 

I~ I J0 r I dilyl' <llld fou11d J!Hll tltP ~O UITC ll"<h in tlH' historica l high . tate (TakaJtn,hi d 

;t l. J9!J,': Fi g;mt' 1.2). \ Irk :,o.J >tbo s hmn•d lnrgt' >H.npliindt' l'aJ·inhi li t~·. 1l1C' highf's t ~tale 

was oh~L'n·t·d i11 1001 April to .ltdy b<•<·, FiJ!.ttl'<' 8.2). P I'S 2L):J-30~ and J ES 2311 +5 1~ 

Sl'('lll l1·ss variabl<' 011 l ime ><n~ l e:; of long r than 10 d a~·s. IJnt IIH' l"hanges in flux by au 

119 

Figur(' 8.2: PCA light t:un'(·~ of~ J rk 501 fr0111 199G to l908 R XTE oiJ::-.t·n ·aliou:-t. Tl1<' MJUn-e ('umJb ~•rc• 

t.'XI rr.ctt·d fm111 PC 0. 1 aml 2. The hiJJuiuv, tiHH.' i:, 102·1 ~~..·c Ellf:l'f .. ~Y iJmHI j.. 2.5-:m k~..· \~. Ead1 p~• • u:l 

corrl'' J'OIIds lO cite tl;~la: (a) fJG/8/1. (h)'JGj l0/22 . (t·J 9/j:lf!S. (tl) 'J7/-I/3- t/ 16. (<-) : fJI/~/2- 5j l:; . 

(!): 97/7/ 11- 1/ 16. (g) : 98/5/25- .5/21. 

order or mag11it udt' ar<· srC'u i11 lit<· figure. 
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Figlll'l' 8.3: I' .\ ligltt •·11n·•·' of Ph:S 2155-30~ frutu 1990 to !99 JIXTE ol"l'IT>lliotts. T!tc sourn· 

f'OlliiiS lll'1· t•xt raetetl fro u1 PC'L1 U. I a nti~- Th(• binrdJtg tiut(· i ~ 102~1 S f.' ('. Eu~-r~y baud i ~ 2.5-20 k(•Y. 

Gndt paud ··ow>jt<Hlli> tv t!tc· daut: (a) %/5/ IG- 5/28. (1,)00/7/23- 7/21. (t-) % / 11 / 14- ll/24. (tl) 

'JT/11/20 - 11 /22. H: 98/ l/9- 1/ 13. 

.2. RESL"LTS FR0.\1 TE.\ JPORAL TCDIES 

z.o 
1.5 

1.0 

0 .5 

-;;;- 2.0 
';;;-
2. 1.5 

B 1.0 

"' 0.5 ... 
.... 
" " 0 
() 

2.0 

;::;: 1.5 

"' < J.O I 

"' 0.5 E--
X 

"' 
2.0 

1.5 

1.0 

0.5 

1996 1997 1998 1999 

Mrk 421 

Mrk 50 1 

PKS 2155 
-304 

!ES 2344 

+5 14 

121 

Figure 8.-1: RXTE AS~ ! Lit;llt C11 rve for Tr\' bl az.~rs . ' " '" llfrk ·121. -""•·nn rl : ~ I rk 501 , llu n l: [']{$ 

2L).5-30w1. aud hot1 um: .lES 234-1+5]4. To rt'dUt"l' l,.' rl'OT::; . tlw euuul ratt·~ ar1· l;iJIJJl'rl iH 10 days. 
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.2.2 Energy Dependence of Variab.il.ity 

Loug-Tcnu Trend of Variability 

·\\·e r;.~kulat<• ""' fr:wlinll;ll r111.1 Yariai>i lit_,. paranwrcr F, . ., using lite PCA li p;ht CU J"I"<-s 

~h!llnt in Fig rt w , .1-8.3. To inn'' ' igatP 1 hr hmg- f('nll ln·n<l of Yilriabilit.1· in 1·arious 

r·ur·rg.1· hamb. \\'<' di1·id<>d I lrr· PC.-\ light run· s into four rne rl!,y baud.: 2.::i-:i ke\'. 0-l.:r 

k!·\·. 1.0- 10 krY Hnd 10-20 ho\'. Th<' n•su ll~ are ~mmw\ri 7!'d in J:i'ig1m• 1.6. J:i'ront thr 

lignn•. on<· t"~ ll fiud <1 dP:tr I n•ud that Lh<' ;uupli t udt• of ,·aril'l.hility hN·oml's largN as plrolou 

<'IH'rgy irwn·;w•s for ~ lrli -12 ]_ \Irk J lll and PI'S 21 j:J-30-J. The C'ncrgy dl']>PlldeJtcc of 

nuiaiJi lit .v is ,illlilar In that C>htaiul'd !"rom ASC'A data for lhree Te\· blazars (~ 7.6). This 

r· l• •n rly iudir-ntes 1 hat thP mriahilit.1• am plitude h<'cOLncs lar15er for high.f'r f> n<i' rg_r phnlons. 

in thr· l ' t'l'.\' widf' <'11('1"1!,.\' rnug<' fro m soft :'\ - ra~·s (0.3 k<>\') to h<url X-n[\·s (20 h ·\") . 

llrl< <&21 R.U't 
l\1100 \U~1) 

'·' 

Mrl< !>0 1 RXTE 

(19118-HI96) 

oo2.!--~-~--:,~--::-,~~----!20 o.o2!---=--~--:,:----::-,---:----.,l 
t;ro~rp (k<'\'} Eno:rgy (k .. V) 

J.o,---~----~---, 

... 
f>K.!i 21&).CI04 MXrl 
(lQ00-19911) 

o.o2;---:-~--:---::-, -~-------" 

l:nt.rJJ (k•V} 

F'i~lln1 8.3: Elwl"t-t'" •.h·pt·Hrl••IJI •· of \'a dt,hilily uf tltn•t• Tf•\ ' hhtz;u-s. T h(· vari nhi li ~y pnnunt:u·r w;:t~ 

mlnl l<ttt •d itt :t.j-:j k<·\ ·. ;-,_,_;:, k(·Y. i . .J-10 k(·\' and I0-:?0 kl·\" . n•:-.JH'clin-1_,-. For llt l' (j f!.ltt c· u rYc·~ iu 

to~<< I fiX l'E ],,lll,lpn." (2.~-20 k<·\') , "''' F'igur<· 8.1- 8.3. lop/( fl; ~ Irk -121. lop l"l.<thl: ~ [rk 5(11 , «lid 

'Jolltmr: Pl\S 2J'j;)-301. 

,.2 RETLTS FRO.\ / TE.\JPORAL STl'D f£ · 1~3 

ariabili ty or Day-by-Day Flares (PKS 2155 - 304 1996 'lay) 

ln order to studY til e sltorl-t r•rnt ,·,niability of PE ' 2 t.j;,-:3() J,luriul( tltc l!)fJG .\ 1<1,\' uh­

s<· n ·;ltiou. we usr· !h(· I'C\ dala hiltJil'd nl JIJ2~ st>r. \ ·ariabi li t.1· wa;, t·alcu l;Hr·d for rl11 · 

to~:t! exposurP ( 12-da~·s) in four 11 rgy baud. :2-;j -J k('\ -. J-7.:j k,·\·, / .. )-10 kt·\ · allll 

1.0-20 ke\ ·. respt'ct ivdy .. \ s shown i.JJ Fi~un• .6, ,·aria hili ly <llll]1l itudf' i><·<'OIIH~ 1<\rP,<'I as 

thC' photon energ_1· iii(Tf'(l~r\· (B<'<' aJ;,,, Fip;nr<· ' .. )). 

0.0 

r! 0.2 

0.1 

PKS 2155-304 RXTE 
(1996 Muy ALL) 

-+--

o.o2'-~~~~-~~-.~~~,o ____ .-J2o 

Energy (keY) 

Figu rf' 8 .0: Em: q~y cl<·JwndC'JH't of ''tLrin.hilit)· of Pl\S 2155-30-1 ill 1996 1\ Ja_, .. Tilt· VRritlbility p(Lraul"tt·r 

wu .... t:a.kulat l.'c.l fur tilt· l.ota.l L2-da~y <.1bs•:rva,lio11 iu four l'llt'rgy baud:-. (2.5-fi k1 • \ ~ . 5-7.5 k<·\ ·, T.::>-1.0 k•·\· 

;utu 10-20 keV). \\',• us<·d lit<! PCA data l>iuu <·d at l02~ ><'t". 

.In order to study the l"ariabilit~· bdt~vior for Pa.eh fi m·c Pl'f'llt. IY<.' di,·ic\r•d fli P wral 

exposnrc int 9 seglllent s '"" &hown in Figur<' 8.7. Bac!t ~<·P,Illeal trpint!ly r·nnl«in" Oil(' 

Iiart·. \Ye calculate lh ,·ari ahili.l_,. pan\Jll<' tr·r F, .• , fn>Ill tillt e-sf'gnwlll. # 1 to #9. Tlw 

c·nt"rgy r\cp('JJd 1r ciC's of Yariahility for iudi,·idual fl an•s arr shr•Wit in Fignr(• 8.8. 

In Jil"e of the flares(# 1. 2. G .. D). tllf' 1·ariahilit.v a n1plit11<\cos br·co1nc·s larger ill ltip, lwr 

t' ll<'rgy bands. whilr• the lr('Jtd is not cll'ftr forth <' r< 'lltiud ·r. SucL lw lt i!Vior i~ \'Pry ~iwila r 

to whal h~ s bee11 obserw•d for :\Jrk 421 IYil lt ASC'A (F'igur"' 7.!:1). Th f•slo' I '<'~lllh support 

lilt" fa~t that Oil longer tintf' S("il k S. fit(• I"UI" ia biJin· Alllj)litllcJ(•]>('("{lltlC~ JargN iii iiWJ"!':JSillg 

photon c•nerg,v, but for iJHli,·idual flar('s (or in . hmi Pr liiU<"'-~talC'), euPrgy dl•twuri<'u<·p ,,f 
varia hilit.r changes fla re-by-.flo rr. 
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Figure 8.8: E11org,T dqml<it'JI\"<' of ,·ariabili• y of PKS 21;))-:JO~ i11 100G ~ l ay RXTEJ nh><·nmions. 

\"ariahjJiti<.·s ror itldivirlu~1 1 Han· l'\"l! JI{ S an· ~··p~i.raH.·I.r :,ltowu. Titul ' M'J{I lH' III :-. i\J'(' df•t11JI'd iu Figurr· 8.7. 

Till' .PCA dat<t \\' ·rro ust•<.l. 
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8 .2.3 Structure Fun.ction 

PCA auJ ASM Data 

llt tlti» &~ction. 11'1' t·nlculal<' llw Stru ·tun• Fuu!'litm (SF) nsiug lltf• PC.-\ and .-\S~ J data. 

Tlw n•,ult~ art> sntlJ iltill'i7Nl in Fignre 8.9. 

For :-rrk 1:21 ( lop ). IH' 11 ~1> tltl' PC.\ d(lla obtnincd in 199G \ la1· (F igur 8.l(h}). 

.\It !tuugl ' d~ta W<'re ,;nmpl<-d rallwr ·par~cJ.,·. we 0(' a hi111 of a roll -c>~·c· r <tl ~ 0.::> clay, 

which is mu~ist•·llt 11·itlt the AS 'A r ~nits (!i 1.:?.3 ). On longer ti tue sc,tk. (ofT > J day), 

IH,th I]Jt• PC.\ and the.• .-\S:-1 data 'holl' a flnt slt>pr of .J ~ 0.3. 

\\ '<'p lot the SPs or:\l rk :>OJ (uur/11/r) fnr J9!ll Aptil ;111d l!J!J ~lay (Figure 8.2 (cl)(p,)). 

Fur]!)!) ~lav data, 1\'1:' rJj,·idcd tlw total 0:>-l)Osure into tlu·cc parts Htcording to lht> gap. 

in the pnintiuf!; (st-'<' Pigm 8.2). and C'akuJat<' the a1·cJ·age SF of Lite three parts. Slopt> of 

th SF' is slt·t•p. surli Ll~>\1 d ~ 2.0 for tlte PCA data. A roll -on• r is marginally drlected 

at ~ 1 dn~·- On time sca lt' Jougf' r thaJt l dm·. the AS:\ 1 data show' Batt r slope or d ~ 

0.3 tlwu tlt slopt•l•t'low thl' roll-o,·er. 

For P IO:S 2100-30-l (/Jr>l/ont). ~~"~' c·,1Jculatf' thP SF Jor llw 12-dny obs('J'I'<1tion in 19QG 

:\ la.v (Fi• nre 8.3 (<~)).The· SF grnd nall_,. rolls aronnd r ~ ().3 cl<ty. which is ·utt. isl e111 IYilh 

tit ASCii l'<'l' lllls ni 7.2.3). Jn shorter I ime S!'!tle I hanll.3 cla,l·, slope of lhC' SF i.s d ~ .1 .• :;, 

whil<· iu lougPr tiuH' ~ntle (r > l day) , both lltf• PC'r\ and tltc :\S:-1 d>~ta bhows tlalt~r 

Hlop··~ nf ,f ~ (l.l. CloHe look at the AS\1 data indi.cal<·s a sigu of appemance oJ mtollwr 

plak;lft al ~ IOU <[;ty. Such a -~Ccol!(/ r ll-o1·c·r cannot be> st·0u 1;,11h for \ Irk -121 and ~lrk 

,j()], 

Analysis ol' Tiwc Asymwetry 

\\ 'r• ntkul>\tt· ''"' <'-'~·m nwlr.l ' nf 1 hC' Ligltr <·•trl'e for PKS 21::>0-30-l h;1 secl ou J 2-rla~· n uinter­

ntpkd tlaln . \\·,, uwa,.,nrr- thr tint\' <b_nnm<·tr_v of th · light ('lli'I'<'S hy tit<' same procrcl111'<' 

di,t·n s~<·cl in ~ 1.:!.3. \\'" ftrsl calcnlfll<' the- SF-+ aud SF_ usi.ug lur light cnn·t·s in the en­

<'l'I\.Y rl>fll\<' :2.~, -.-, k1-\'. ::J-T.::i k1·\·. 1.0- 10 ke\". 10-15 kr\ ' amll::J-:ZO kr\·, n·s]wc-til'cly. 

~ 'XI. S!JII/111( I I' I(' ()' fl!/1'(1//11 fr I' s.~·( r) \\'aS ('ilkulai Cl I as the diJI't'rCtl<'<" of SF+ >t!ld Sf­

norm;ditt·d by ;tl! origi11al s tml'lnn· fund ion. \\'r r~knlak lhc ens~mhlc al'(•rng<' ol'Sy(r) 

in tinw rq~inn tl :-::; r :-::; 1 (day). 

R<•snlt~ an• ~ nntmnrill ••l iu Fig,nn· 8.10. 'This r ''Hit i~ rc•n~ist<•Jll with 11·!tal w<th found 

fur \!tk 121 clnfil in I!J!JS (Figlnt' 1.13). \\'t• find thi1l tltt> light cllt'l't'. of Pl\S 2130-30-1 

fa,·•>rs ·ri~r·-ti tll<' < d•·•·m·-t illll'. and tl!ill Ute lig.ltt · •tr ~"<'' lwc nw mon· symmet ric at !tighc·r 

C'lll'f'P,i•·'· ln fal't. 'y[ r) is L'I>Itsistcnl 11·ith Zt'l'll at lltr higlH"" ' Cll<'f'l\'_1' hallds. 

' .2. RESL:LTS FRO.\ I TEMPORAL STL'DJES 121 

Combi11ed RXTE and ASC-I Data 

\\'hen rh P iiSCA and RXTE r<'. ult~ an• n•tubinNI. 11'1' l'iln nbtain tlH• l'nriahility infurlltn 

lion of four Tr\· blal.<U'S in the H'J'.1· IYi<lc titut·-domain li·om 1()·1 In 10' ~<'('. To rnmpan· 

tlt<' lighl Clll'l'<'" frotn four diffen•nt detcctorH (ASC'A .'IS/ :JS. I?XTE P '.-\a wl .\S:-1 ), 

IH' uonualizecl tlw ligul <"\ll'Yes by t IIL•ir an•ragr ntlu<''· TltP results ar<' sunnn;n·itP<l iu 

Fignrl' .11. fn thcsc.- fignTe,. 11·0 do not plot th data abtll'(' the point wl>rn• tlt•' SF' l'nJue,; 

are a1kctrcl b~' iusufticieul long sampling (H<•r s 7.2.3). 

.-\.H Sl:'t'H iJt tl11' figlll'C. the- SFs of four Te\' blatMS an· 1\'t·ll r<>pn·~rllt,.d by n brokPil 

power-lu11· form. \\'e tind a break (roll-oYer) nl T = O.:J day fnr ~ Irk -121. ~ l tlar fnr \ltk 

::iOl, 0.3 dav for Pf\S 210::>-30-1 and 1-10 clay for I ES 23~~+-jll. illJporlantly. lwloll' 

tlw hH•ak, the SFs ban' l"er_y steep slopes: .J ~ 1.2 for \ Irk -121, 2.0 for \ IJ·k ,j[JJ. ]..-, fnr 

PJ\S 210::>-30-1 aud 2.3 for JES 23'-l~+::Jl·L Th is indi cate.•& that lht• r;1pid ·iiuH· l'ariahilit ,,­

of Te\' I hlz;us has a strong re<l -uois<' c!H\ra.cler ami /or is II'Cll <tpproxilllHlt•d In· a su llplt> 

linear rreud (see,§ 1.2 .. 3). r\bov<' tlH' break. the SF b!OpC'~ flatten to 0 < .1 < I and similar 

to flickering noise. 
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Fip,un· '. !J: 1st ur<ic-r ,(IIKt llrr' f1111 ·t ion (SF ) of tlt re<' T.·\ · hi<var• ohs<·tT<·d with RXTE. t up left: 

~ I rk I~ I (lmlG ~ I a,,·: Fi ~ll ll' 8. l (h)). topt·iyht: Hrk -121 (A ~ 1 : Fil\11n• 8.·1). ,,iddh ltft: AJrk 501 (1991 

AJ> ti l nml 1~\l$ ~ I ".' ; i.' il\llr>' 8.2(d )(;;)). 111uldh· nyht: ~ I rk ;:;01 (. \ ·~1: Fil\111'< ' .·1). lwlf o111 11 ft: PI\ 

215:i-3ll l (l!l% ~ lay : Pi!(lll't' .:3(Hll. <tttd lt<•lltllll riyht: PKS 215.5-3(J.J ( A S~ I: Fil,\ ttro 8. 1). Tit<• PC.\ 

ligla l 'ltl"\'f '!-i fro111 2.S kt:\ tu lt) l..(•\ Wt•rt' 1I~1·d <uHl COHill ratt·~ Rn• liO i tlmli:wd to tlw PCA ,-a hH':i. 
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c.2. RESCI..T F'RO.\J TE.\JPOR.\L TCD !ES 
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Figure 8.10: Em·rg.v dt•p c· ntl t• n t·c· IJftu<' S)' llllnc·t ry JJ>tntua•t er S.\'( r) = ISF +-SF ]f. F for PI\S 2 153-30 I 

ob1'iri'V('c.l in 109G ~ lay. S_r(r) wa ..... un·ragt•d over tit {• tiuw l a.t;~ ~umllc:r tlmu ou1· d<:t}. li;.!;IH cun1·:-; an• 

aluJO!>l !3-ynuw.· trie. i.<· .. [SF+ -SF _JISF ~ 0 al ltif,(hc·r ttH'J'K)' lmud. hnt at ltl\\'t·r f 'li(' I'J;it·~ . t IH· syuJIIH'll'\ 

t<•J1d:;: to bn.·a.k du"~ll. 
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Urk" 421 • 

ASCA J9g.& (SISO-t- 1; 2-7 . ~ke.V) ,.;.-~ ~~--···· 
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10 2 to- 1 10° 101 102 
Ume tea (day) 

1ES23H+IU .f .. / 
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,~/ 

J··(y 
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Pip;Hn1 ~. 1 1: StnH'tun· fuudil111.!\ ofTt· \ · blttt<lrb (ASC'rl tllld RX7'EtOJIJ him·d ) . l op left: tlu• eo uJhin t•d 

SF of ~ I rk 121 '"in~ til>' ASCA (199,) rnnlth<• r.'XTE . \S~I drua. l c>p r·irtlrt.: th,• co >J> bi n<'d SF of ~J rk 

GOJ n>iu~ til•· RXTEPCA (1901 April: 1998 ~h1y) and the AS~J data. hollolltlrfl: the rowh.iJll·d SF of 

PJ\ S 2 1):;-JU•I>"ing tht• ..J SCA ( 1!19·1). lil<' RXTB PC.-\ (1996 :l lay) aud th<• :\Sl\J data. bo/l our ,.;ftltt: 

tlu• ro nlbiu<·d F' of l£ ' 23·1-1+51 -1 l>'iug thr· ASCA (1907) mnl ih>· RXTE AS~l da ta. Do1lr·d lineo arr 

t(,l·lw ... t tit pow,·r-lmr:.;:. 
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8.2 .4 Spectral Evolution 

\\'e in,·<•ol igalf' lite ('O!T<' lat ion bclwe<'n th t• cottul nue (:.!.~>-211 ke \ ') and 1lw hnrdl!''"'' 

n11io a. we d id for t lw AS 'A data (!i / .2. 1). Fnr till' RXTJ(' dala. ll' f' drtine lhP ltardn!'ss 

ratio as the photon couHIS ht 7.3-21] kc\ · 10 tho~c· ill 2 . .J-/ . .J ke \ ·. \\'1' ('OIIC't' lllrnl• · 011 

lltr SpC'dral (•\"Olllt ion or P!O:S 2l.J.J- 30-1 during tile 12-day obsel"\'al ion. ()('( ' [Ill~<' il is IH·st 

snit f•d to bt udy the time P\'Oit tl ion of th<' SJW<·tnun . 

PKS 2155 - 304 

\\",. di,~dcd data iulo ni ne t imr segment~''"' dc-~cri bcd in !i .I. Thr ' lwctrnl "'·oluli(JH is 

shown in the ·orrelat ion bet ween the iutPu~il _, . n·r~us ltardu<'~S ( fi~nn• .12). Th<• g<•Jlt•rnl 

lrC'lld or the SjJ€'Ct ra! C\'oluti(lll is t h<ll h ardllt·S~ i ii<TC'il&f'S WhC'II ill{' illtf•nsily itt nPaSPii. as 

b also iucli(·ated from th cbange5 i.u ampliillcl f• of Yari;1hilin· ( FigurP 8.8). 

In timr segmc-n ts #2 aud 3. II"E' <·a n ~el' ·ciork11·isc · hY~Ic· rc~b. as scru in i lw d;\1 a 

obt~i.ned with ASCA (s 7. 2A). Reverse mor ion (onti-f'lo k11·ise) is a!Ho dri<·~ INI for r<·gin u 

#"land . In other lime sc•gmc11ts (# 1, 0. G. I. D). lnop11isC' molicrll i., no l cl<'>lr. T hiN 

rornplic>ltecl ·fl.<lre-hy- Harc' beh;n- ior is n'r.\' silllilar lo I hat obsrn·cd for ~ lrk -121 iu 190 

(Fig·me 7.1G). 

\\'e do no t calcula te I he titlle-lags for the PC..\ data. bcc·ausc in mosl cHsrs, ol"t'tYa­

ti us a rc separa lc'd b,· more than 3 ksPc and too sparse lo <"11k ttliit • the' timc·-l>tgs. 
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8.3 Results from Spectral Studies 

\\"c <'XI me feel I lw <'Ut'rgy SJWC I n1 of PC.\ l(•r all oh~c r \'111 ions listed ill Tahl<• .-\.1 -.-\ ., . \\',. 

n&t· lbr S<une All<lly~i~ proc·r•d ur(' H~ th ,ll for tilt' ASCA data(~ 1.:3) . . \11 spt'tlm 1n•n• fit t~d 

with l lw :\SPEC n·rsion LO .OO. T lw dNPC'tor r~sponsr of PC.-\ art· P,<'ll<'rntt•d rrorn !'''""·'/' 
,·rrsiou 2.37. Altho ngb PC.-\ ha~ H'Il&itil'i!y i11 tht· 2.3-GO k<"\- (It ;:i.2). "'" nnh· u;-ed dnta 

rroru 2.;:i h ·\ ' to 20 k,.\· i>eci!USE' cad1 ob~er'Yatiou wa.• too sher i It> l'il'ld <' ll<lugh plrnfl>ll 

,,taristic~ ahm·e 20 kc\·. 

8.3.1 Fit with a Power Law Function 

\\·e fitted the s pec trum with a 1 ower la11· rundion plus ;a]ac·lil' 11h~orprion ;u·is itt~ from 

1\C'utralmateria ls (~ 7.3.1). Siuct' Ll1e Te\· hlaz;us ar~ lii ghh· ,·ar i al> l~ aud tlwir sp ectra 

c,·oln~ nn a time sca lr nf hours. 11·r st•pa raled the obserl'al i o.11 ~ iulo ~ J ksN· inf< ·r'l'ab ir r lrr• 

cxposu rr i. long r than l ks·c. \\ ·e fouud tllatlltc siruplt' power !all' runc titlll gil'f•s a g od 

repre:~ntatiou lor most of tir e PC.-\ data. " ·lren a ])(>w ··r !.1.11· function is nol a cl r q 11<HP. 

we introduce an additional expon ntial cutoff lo I be powerhm· l\mdio n a. dc>sc-rih r d iu ~ 

1.3.2. The gradual s ter• peniug or s pec Ira found in ASCA data (Fip,nrc 1.2.j), i:- a lso ~r·t· 11 

in th energy baud co,·ered by RXTE . 

.-\san examp le, we show lhe spectr11m of :\ Irk 31ll takC'n in 1007 .ltrJ,,- iu Figure 8.13. 

Tlr bt•sl-fit paraml'tc•rs for tire morlcl are . nnwla rizcd in TablC' '. 2. [n this c·a~c-, photou 

sp ct ruBJ is gr adua]!y stf•epeui11g to h igher c·nergics, t lms t lr t' lit with a power law rnnc·l inu 

i& stati. ticn ll,v unacceptable. Howewr, on' cau He<' I lwt t lrr• [it is impro1· ·d i>.Y using "' 

ru toff' power 'law function . 

Tlr(' resnll s o r &peclral fitting for all RXTEobsC'rnlliow; oi'T~·V blnza r~ ""~ S1 1JIIIlla ri 7.<'d 

in Appendix G (Table G.l C:.lO). Examples of RXTE ~p ett ra li.>J' Path Tt·\ · hl aznr are 

gi,·cn i.n Figure H. l (:\ Irk <1.21 ). fi gme H .2 (:\ Irk .j()l ), Fig lU'P H .. 3 ;u,cl figure· H . .J. (PJ\S 

2l.);:i-30·l). 

Table .2: .-\11 exa rnple or speclral filling or :\ Irk 3(11 

~ l.i :)siou Dtl<·t·ror -'"11 E, Plwwu Flux (2-10 k•·\ 'J I 2 

( 1010Jt111 2) (keY) Iud (•.x ( 10 - !2 · · ··~/( ' ))) "/•) (d.o.f ) 

I. fiXTE PC' A l. <3 (tix) 1.9u+~ ~: 61 ±L6 2.G3(~~) 

ll. l.i'3 (hx ) ur::g ~~ 2.15~~ ~~ 610±19 1.10(~ I) 

~Irk 501 dal<1 [row l997 07/12 0~:36:5 llo 0</ 12 03:::;8:2< wt•n· ""'d fur tlw fit. Fittiu~; fuuniuus aJ'e [!J 
(\ (JOW('r law fnuctiou plu (rt.•(• i'\b~or-plion.jilJ a f'Uioff J)l.i\\'(•r law fntwtiou. Tllf' cla ta iu tlw f•u<.·r~\' hcUJd 

2.5-20 h·'\· '''t:rc u;o,f'd . All t•rrot'!) •u·t• 1 "· 
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id.rk 501 (1997 July- RXTP.) . 200 
_r- ............_ 

-:;- 10.0 PCA ------~ -
~ 00 

~ J 
~ 

20 ~~1 ~ 
~ 

10 

::1 
0 .0 

0.2 
10 

-2 

H) 20 
----r-:j 

" 0 ++ .. +-++ ++++++It±+ f±,t.l;,l w, :1 ,,,,,,,!~tj 
-z + -1 t + I ~I I j 
-•'----:--~--:-~-:>'-- ~,~o----~20-'' 

Energy (ketV) 

F'igun· 8J 3: ThC' RX1,E PC.:\ ~JI(.'etr;,t aud tlw IH·sr fit power ];.lw fnuc ·riou. top: PC...\ data fur Mrk 

&01 oiJti.litH:d frow J!)07 OI/L2:03:36:;}L to 07/L2 03:58~:!7. fittcLl to~~ powt'r law ftiJitriou with Ga.lactit' 

llhl'>orpTiou. t·( uhr: n·::;i lu al~ to a. pow('r li lW fuH(.:tiuu w-itJt G~daujr nln;:orptiou. botUJul: r<.'l"iduab ton 

t·utoff' JIOWl'l.' law fltltrtiou_ 

Cnrr<'lal ion~ bel WP<'II rlw isolropir lumiJlosil ic·, >llld pholou imliccs 421. \Irk .iOl <Uld 

1\S :..1.13 - 304 ar~ ~ummariz<'d in Fignn' 8.1-l. Conf'sponcling fi gure for ASC'A obser­

nd ie>1~e i::. Fip.un· /.27. Photou ">PfTI ral in dice:; dis tribut('(l in n wide rangv from -3.2 

In - 2:2 [or :\ Irk 121. -2.:1 le> - 1.7 lor \ Irk ;)01 and - 3.3 to -2 .3 for PES 21.i3-304. 

0111' fiuds I lint thr S]Jl'dra l<'nd i.o h(· ll ;mil'r when th<· suut-c-e bcco111es brighlc·r. ftS was 

indiealt'cl in~ 8.2.2 

!:5.3.2 Comparison between ASCA and RXTE 

Oh~Pl'v:tlion ~ lisled iu Tnhlc• 8.3 ll'f.' l'f' •·ouduclctl t. illlnllaueouolv wilb RXTE and ASC'A . 

Tlwr!'f<•rt•. tlH'. c' d>11a ruab le 11 ~ In tc·sl the' rou~istl'uc·y hct\\'PCII I he inslrumenl~ on-board 

AS'C'.\ nud RXTE . lu order to u~<' lht' e11erg_'\· rangP cm·l'rcd by two S;l(elJites . we seler1ed 

Ill!· da I a fron1 :2.- k<•l' to T . .i k \ ·. Results uf I he li I wi I h a power law fu ucl ion plus Galactic 

nl•smpliun <HC shmv11 in Fip.urr . l;:i . Our can M't' that I he fhtx<·~ d~tf>nninrd b:· RXTE 

nh~<·n·ntiom, ar<' '-"~ lclllaliudly ltip.h,,r I han lhose tktnmincd b.'· ASCA b~· about l:i 'X. 
. \l.~n note I hal ill<' phulon indi.-c, r RXTEbjWI'lra a r ~.I'Sl l'llli-\ILI'<Lih- s l [JJWr lhnn that 

fnr , \ CA n•!'u]h about 0.1. This tn·nd is nol in1proYed rw·n if IH' usf• th0 <~li rucr~y 

hands. ll.l- 1 .. ) k .. \ - for A CA ami :?.3-20 kt'\ . for RXTE. 

Tl11·rc an· hCI'f' rRl rl'asous whid1 ma~· acTOUtlt fnr I b e~e discrcpallci<'s. \ los I sNious 

c3. RETLTS FRO.\f SPECTII. IL 'TCD!ES 

: 
] 

-1.5,---~-~---~~---~---, 

-2.0 

a -2.5 

~ 
;f 

-3.0 

-3·~o'-3 ---~.-,-o•~---• ...L-,o.._•---~.-.JIO• 
W:od. LOG 2-10 keY Luminosity (lO.aera/s) 

fjgur .14: Di::-.tribuLiou of lumiuo::. itil::-. auJ photou itn:li <·<·s for nil ob!>t·rYHtiut• ~ wit l1 R K1'EJ. f. irk 

4~]: from 1990 to 1001 da.l<t. ~Irk GO!: (rolll 1900 10 190c da.ta, PJ\S 2155-30~: fr111u J0!J(lto IUD de ta .. 

Flnxct-. Hrc ~i 111ply eoun·J·tN.l to tile i.sot ropie lutninnsitit•:s b~, JHllhipl_ving .lru/f. w!Jt•n• d1 i:-. t!J P lnutiuo:-.it_v 

dist;;uu,:c. 

issue wou ld he imprc ise cross-calibraliou br1 wc<·n A SC'A m11l R XTE . R<'~pou~c tnalrix 

of AS 'A is made. based on both lhe pr<'-Jligl1l dala :wcl in-Jiighl r·alihralion againsl the 

Crab. The Sf<llldm·d ya[ue of tht> Crab spr~trum in lilc·ra lurt• is ll l:><'d ror I ht• in-flight 

calibration (2.1: e.g .. Toor & Scw;u·d. HJI-l). Oa tlw othrr hand. tll<' tTsponsc• lllntrix 

of RXTE PC.-\ is maiJ!ly ba~ecl on lh r pr<•-tli •Itt t·~libr:tlion. TlJrir ohs<•tTalinnnl r<'~n]ls 

lor I he Crah are slight ly difl'crent titan llw ,·aluf· mentiom•d above. Tile dilf<'r<' llcr in l11r 

SJ) ctrum of the Crab (~ r ~ 0.1) is ('(Hlhi~tc·ut wilh t hC' dift'< 'r(•ll('l' St'('ll iu Fil-\111'<' 8.Jj_ 

.-\lso 110Le tl1at Lhr s~·stcmatie diJJewuces Qf t l1 e background su bl rae! iou uwl hods bPlW<'f'U 

imaging (ASC.4) and cnllimating (RXTE) instnlllll'lltS would pnoduN' lite diflheucc· i11 

Ute• cslimHied llux<·s. 
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Tabk· S. :l: Li.sl of s imultauccms X-rn_,. ohspn·a tions by .AS 'A and R XTE 

JlSCA IIXTE 

Sonrn• Start Eml Pl!OLUII Flux (2- lOk<' \ .) Photou Flux (2- lOke\") 

:"[;UIJI' [nJD! [HID) lndPx w- 12 er~/nu2 /s In dex JQ -!2 <·rgjnu2 /s 

~ f.rk 121 30:)()1.21 oiJ561.27 2.13±0.0·1 102.0±1.1 2.01±0.03 1 29.0±1.2 

oo;;GS.2 1 511368.27 2.15±0.0·1 98.Hl.l 2.85±0.0-1 122. ±1.2 

.;0569. ·g 50569.0 1 2.1:Ho.o:; JGL.~±l.9 2.85±0.0·1 103.1±2.1 

50511.1.5 30571.21 2.7HO.OG 88. 1±1..3 2.81±0.0-l 110.2±1.3 

50571.2 1 50571.21 2. TT±O.OG s;;.o±u 2.9-1±0.0-1 06.1±1.0 

5().)72.2 1 50;)72.27 3.03±0.09 -l-1.8±1.0 3.25±0.0< 5G.0±1.0 

o05T-l.IIS G0574. 14 2.01±0.05 63.5±0. 2.03±0.06 80. ±1.3 

5057 1.1~ 3057-1.19 2. !H0.06 63.7±1.0 2.98±0.05 16.2±!..1 

3057-1.19 -3057-1.25 2.83±0.07 Gl.O± l.l 3.00±0.06 76.0±1.2 

50(i02.21 50GI)2.2G 2.48±0.03 340.6±2.6 2.01±0.02 -102.0±1.8 

PKS 2l'i5 50225.18 50225.2~ 2.42±0.0..1 156.5±1.6 2.oo±u.02 186.5±1.0 

-:]().J 5tl227.2..J 50227.20 2.5 ±0.0~ 01.7±1 .2 2.68±0.(17 ll-1. 0±2.2 

3022T.29 J0227.3::. 2.68±0.0-l 01.5±1.1 2.70±0.03 119.3±0.9 

&0227.35 50227.-10 2.()3±0.05 105.5±1.-1 2.60±0.0 I !2G.O±l.-l 

30-lOI.·ll itll-10lA7 2. &±O.OT 36.1±0. 7 2.00±0.07 -16.1±0. 

.';0•101.-17 [tQ.J01.53 2.14±0.07 -1.0.5±0.8 2.03±0.06 52.0±0.8 

50-iill. :)3 50-101.59 2.63±0.07 ·1·1.0±0.9 2.18±0.05 56.9±1.1 

50..JilLJ9 iJO.Jtll.G5 ~.83±0.07 -15.5±0.8 2.89±0.0:. 61.2±0.8 

~040'!. . 1} 1 50-11!2.60 2.6H0.07 37.1±0.1 2.73±0.08 4-1.8±0.0 

l~ i s t or:-;illi1111HIIl1011!'1 X · r;ty oh:,t'l"\ ';,llitlll :-) by ASCA aud RXTE. Fitliug- ulOdtl t~ Gaht<·tk a.b~orptiOI1 plus 

u pt>Wt•r I;\W fuu<·tioJt . D 11tn [row 2.5 kt•\" lU i .5 kl'V wtn· ll'>l'd for lhc· ~il. 

8.3. RESl'LT Pn0:\ 1 SPECTJ1"'\L SHDJES 
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2.4. 
100 200 300 400 2 .4 2.8 2.8 3.0 3.2 3,, 

ASCA (•) : 2- 10 keY Flu.1 (to-11ere./•/cun1) ASCA (:t:) : 2.6-7.5 keY Pbo~on lnd.u 

Fjg11n' 8.13: ComJ.>~u·i~ou b(: lWCl' ll )!SCA Rlld IIXTE. D•~te:1 from :siwultniH'ULI~ ob:-tf,:rvaljou of ~ Irk 

"21 ami Pl\S 2155-30-l ar<' us<·cl. lu on.ler to mw t!u.· cu<· rl!.Y nwg(· ('0\"'(•red by diff,·n·nl iust ruuwm :-. . wt· 

M'J('ftt'd thP data. fron1 2.5 kc\' to 7.5 k('V. left : <listdlmTiml of ASCA f:lnx (2- 1 0 ke\ ') '' ' ' ~""" RXTB 

flux (2-lOho\"). ri!fhl : distrilJtlliou of ASCA vlwtou imi (•X Vt'rl-' 11~ RX1'E photon iudc·x. 



CIIAPTER 8 . . -1.\._\L\ 'SJS ASD RE. CLT OF RXTE 0/JSERH.TIOX 

8.3.3 Shift of the Synchrotron P eak 

To stnd.1· till' tiltH' ,.,·nlntinn of pltoton spectra iu qniuus StillC's of the ~entree acti ,·ity. we 

dc•snibf· ti1P pltolon >pC'dr" For <'ach Tr·\· llan.r in vF~ spar·e. Th<' P ' .-\ sp~>dra ll'<' re 

,.,,,,,.,,JI'I·rl wi th tit IJI'ol-fit fnncrions (f•ithcr a po"-r>r Jaw l'lnwtion or 11 cutolf poll'<•r Ia\\' 

!'undio11 ). \\'p bi1111<'d the total PC'.-\ b<utdpaHs (2.J-20 kr \ ·) intrJ 20 <'tH'rgy hmtcl& to 

rNI>tc!' t•rror,. 

The rmlnli<>n of photo11 SJJ('dra of lour Tc·\ · blazars arc• shown iu Fil'our~ 8 .16-8.1 8. 

1\'p <'all dt•arl:v oPt· difi'Prcn t c·ltarattPris l ir·s of' each sour<'f'. 

Mrk 421 

C1·olution of" F,, :>peel ra nf .\ f'rk <121 in diffNcnt obst' IYi'll ions is su mnw.ri zecl in Figurr• 8 .1G. 

Coutrary tn th<• !lSCA result . f>ll< ' e<l llll t>l identif1· the synchrotron peal in the PCA 

Ptwrgy bn 11d (2.:i-20 kr·\ ·). Howc•,·r·r. ll'iWu the source wa~<.in thr I r ig!Jt cst s tate (#1). tit ~ 

"1" '''1 rutn is ,-cry flat, wbil'l1 inrlicnl.es that' tl1c &':\'Jtciuotron pe~k is prc•sent close to 2.:, 

h· \ •. TJ,is result i ~ \ousislt•ll l wi tit w !tat cxpcctcd [rom i h<' A SCA data. 11· It ere s,·nchrol ron 

p<'ak i ~ arou ud 2 ke\ ' . when ih<' source was in l it ~ bright es t stat<'. 

Mrk'4-21 

5 7 10 
Energy (keV) 

h 4 
N 5 

I a 

I 7 

# 8 

N 9 

# 10 

F i ll,ttn~ 8.1G: 'yud l1'liii'Oil IH'ak "::iti rt:-. llr 1!J·k 421 oh.:s.:.·n·('(\ wiLh RXTE. o~Jiil ( t]'f • frt.)lll # 1: ~ !.ID 

;o~O .:;G.#~: H ID 5020<.90, #:1: ~LID 5020 A3. #4: :11.10 :;0215.25. #5: ~ 1..10 :j(l20 '. 11. #G: ~l.JD 

51)2t:!.f>-l. #1: ,\1.11) ;;0:;11.23 #l.l: ~ LID 30222.2:i.#!J: MJD 5tl572.23, #10: HID 50-121.89. Fur"'''~"" 

dt•J:Iil , ,,.,. [;tiJ\co G .1 [; .3. 

' .3. RES[.LTS FRO.\f SPECTR_-\L STCDIE.'i 13!) 

M rk 501 

The c:ltanges or IJF" fo]lt'dn• of \frk JO.l >HP :-dtll\1'.11 in Figurf' 8.1 I. \\' hl ' ll t ill · >-Ill liT(' II 111-> 

ti.J <· fainte~t (#8), ('llt'rgy I'Jlt'l'll'l lll1 was slt'<'J>!'Hl (pltotuu intkx 2.J) a11d tbt· ""lldtrotron 

pra.k 11"<\S wdl ht' low 2.5 kr\'. Jlmn·n·r, dmi.11g t lw fl :uT. llt ~I" ' lrum Jarg<·l,· flallt' tH'tl 

(phottnl index 1.1} and t ilt' s.-·udtrolrou J)N\k mn\'C'd 10 ahtll·r :20 k" \ . (# 1) til<' larp,c•st 

.. hift ,,,·cr obSNI'NI in hlaznrs (T'ia11 PI nl. !DDS: 1\atnok<' cl nl. l!JDOa ,h). Exir~polalinl', 

lht• relation iJ(·( IW u th P p ak lumin ~ it y Lp ~ud 1 h<· p ak <'tt<•rov E,. found in 1 h<· ASC'A 

n'~ults ( Ep •x Li;"). lYe cx ped thai lh<' sym·l1rotrun pc•ak reacht·s to~ 100 kc·\ · in tlw 

hig h~" bta te'. :'-1olt' 1 hat lhC' <\Ill ] litll(J<o of flux ,·,u·iat io11 is mudt "maliN i !tan 1 hat of .\ Irk 

-121. but sho1n~d draumtica l d mng<' in I be s.n1r hrotrou J> t>H k po~itinu . 

Mrk501 

5 7 10 20 
£nergy (keV) 

Figun· 8.17: S.mdtrotron [><'Rk s hift> of ~ Irk fiO l ob"'·rwtl wit h ffXTE. D;<ta arc• frcm• #l: HJD 

5055-l.ll. #2: U.lD 5055 1.4G. #3: ~ l TD .50550...!5. #.J: i\ I.JD 505 1-1.31, #5: HJD 50:i·I~ . .J I. #6: M.lD 

50~-16.25. #1: ~ I.JD 5037 .51 #8: HJD 502aG.51 . For 1uon· cl• ·t;lil. ""'' T<tbk C..t G.G. 

PKS 2155- 304 

lYe s ltO\\" the changPS or 1/Fv :>pedr<i or PI\S 21J:J-3[)~ iu Figurl' .18. TII(• rP bl'l'lllS to'"' 

11t> clrar rrrnd bel. we u I he !lux aud ~Jwc· t ral l>lt ap in fort, when 1 h(' >-ourc<• n-A.< iu lh'' 

bdgh tc~l ~ta l <" (#1 ), sp ec trum wa:, ,-,·n · s i PFJI. iud il'ati up, that svnd1roltou pea.k <'Xihls ~l 

11 11 ' HPrgy much lowrr tit au 2 .. 5 h•\'. On tit(• ot !tPr hand. ~otne obs•·t ,.,ll iou~ ~; l tt>IIWI WI)' 
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flat sp<•c·t ra. allll'"ll\h l11111illosit.\~ wa& r<.'lat ivrl~· low ( #3. #-1 ). Stll"h a J;Kk of a dt•ar lr~nrl 

11as nl~o lJr•PJJ irnpli"d from tlw ASC.-1 cJ;\Ia (Figme 7.30). 

5 
PKS2l55-304 

0 IJI 0 J/3 ): j·5 X /17 
0 #2 • i/4 "' 16 ,).1 /(8 

to-10 

to- ll 

5 7 \0 20 
Energy (keY} 

Figurr 8.18: S! uchrotroll fJ<""k oldfts of Pl\ 2]5~-30~ ob"'•rv<·d with HXTE. D;olH <II"<" frow #l: 

l\ l.ID 511<72.96, #2: HID 5!182~1.40. #3: 50221).2.3. #·1: ~J. ID G0221.90, #5: HlD 50~09.13, #6: l\l.JO 

f>0221.DI. #7: /\ I.JD ;;0223.% #8: ~I.ID '0287.38. For 1uon· u<"~ail. see T>thlc G.7 G.LO. 

ombi ued ASCA and RXTE R s nlts 

13y •·n1nl•inin!!; "~ itll the ASCA and RXTE rC'snlts. \\T ran stud-'· tue \:-r~.'- ;.p~<'tral cvo~ 

Jutiou ofT,·\· hlawrB in difl",.rent phas<·'~ of ~OIJrcT nctiYily, u;,ing more complete dnta 

snmpl s. 

Fi)~nn · ".I !) "hom-- I h<' dil-trihnlion or IWltk lumiunsit'' Lp \"(>JHIS p<•ak ('llergy Ep. 

rompii<-d from Fignr<' 7.30 l"wm lht• ASCA a.11d FigurC' 8.JG- .18 from lhe RA~TE r ·sults. 

F<>r ~ I rk l:?l and rJ..:S 2J."j."\-304, w hi\Yt' ~{'I'll t ltilt all RXTEHj)('CII"<\ iU"(' lor·atNI nbow 

t lit• s.nwhrol rou peak <'m·rgy. and luus 1n, only plot tlJt· JISCA rcsnlls. Fur .\ Irk j()[. 

souw R.'<Tl!: oh,,.n·at inuH r l"t•<t l d rl'bti,·t'h· Ji~J r•nNg.'· spectra "~hc>s<:> ph11ton indiCt'S 

\\'('IV l"iosl' tor~ 2.0. Tllis 111('<\IIS tltal lit<' sy nchrolrou pra.k ('xlSl' in tllC' RXTE <'tll'q:~Y 

hand. \\~Jwn th<' ;uttrt\' wa~ in a hriglttr•r phasl'. th~ photon spc•ctra ar(' harder (~ J.l l 

ami tilt' pcak is thonght Ill hP shifted to higher enc-rgT than the I'CA IJ~tHipas. 

In Fil\tu·c· . JU. W<' added t liP RX.TE rc·snlts nf ~lrk j()l <l a ·box· regiou <~lld a, ] ,wN 

li mit ln t"OUIJ>Hl"f' lhr ASCA n ' ulrs. Ju !ILi . . 1\"P took th<' »YSl~mntic dif!"Prcutf'S h t\\"een 

.3 RESLLTS FFI0~\1 SPEC'TR.-1 L Tl 'DIE · lll 

AS A illld RXTE inlo a<TOII!lf (l: 8.3.2): ll"h('n fh(' photnn indt'X nr a ("\Jloff j)ll\\!·'r Ia\\ 

runl"tion (s 1.3.2) gi\"('S r ::; 2.1. tlu· ;..prd rH i, lllOlllllillllHI,l.\" rising in PC~\ baudp""·'~ 

ben .. e Ep is located ahow 20 kr\" (P4Uation (1.13)). \\ ~h('ll r is htrgN illa\1 2.1 a\111 Cp 

is JJ!NlSIIn: tl lo lu' in tht· PC.-\ bandp<k'l-. thr pP<tk is likdy c•xislinp, in tlw rnvrg_,~ !"<Ill!~" 

of ihr PC:\ . Olle cau scr that the RXTE rrsttlts ar(' C'X<·wt!.v ou '' linr 1\"hir·h i~ <'X]l<'<"it•d 

fl"om tlw ASCA resul ts. 

ASCA+RXTE 
100,0,------~----~~--~ 

50.0 

110.0 
" 5.0 £ 
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~ 
! 1.0 
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PKS2155-304 
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Synchrotroo Pc11.k Luminosily (lO.&eerg/s) 

Figure 8.19: D.i::; tribut.iou of _(wa.k luuJiuosit_\. Lp vcrsu:-~ JH.':lk r u c.~J·gy f'JH·t·p;y Ep (rOIII ('OtubiuNI ASCA 

ami HXTE r<·Mtl". 




