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2.1: (a) Energy levels of the sp# = 1 dimer located in magnetic fields. Only the stateSpE +1
for triplet andS, = +2 for quintet are shown. (b) Magnetization curve of the $pia 1 dimer atT = 0.
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3.21A
(J; ==30 K)

t 2.3: Arrangement of @in the
nanochannels of CPL-1 [18].

4.69A
(J2>=0.2 K)

2.2: Schematic representation of CPL-1 (white framework) wi
adsorbed @(red danbels) from dierent angles [16].

2.0 T T T T T T T T T ——
. i a2l
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0.0 ” L L PR . 1 N 0 L !
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2.4: Magnetization curve of £adsorbed in 2.5: Magnetization curve of £adsorbed in
CPL-1. Temperature dependence and their fit- Cu-CHD. Fitting curve is also shown with gap
tings are shown with gap parameters [17]. parameters [19].
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Quintet]
(a) J (b) Quintet

Triplet /

Singlet ¥ Singlet

B B
2.6: (a) Energy levels assuming that the spin gapa&ker = AEr.g = J. Only the states 0§, = +1

for triplet andS, = +2 for quintet are shown. (b) Expected magnetization curve for (&)-a0.
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2.7: Schematic molecular align- ) '
ments [22]. s ‘ T ™ 2
2.8: Intermolecular potentials for each geometries and spin states,
singlet (solid), triplet (dotted), and quintet (broken) [23].
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2.9: Orientational depenedence of the exchange condt&tiR = 6.0 [27]. The dashed curve is the
result of Ref. [29].

BRIICHER S N TH D [19] H7-BEERIVIC B RIS FCRET 2 Z e BRI hT\w5 [24,25],

A VREBE  TEANCHED D 2 DIk, REMHEEHOTS L ZDKRE I VBES TFH L OAE
BIRIZHAZET 2720 TH 5 [26,27], X 2.9 1ZMEFE 7 7MWk EAEH O f ARV 2 RS, B3R
DTEOLZBMAERIEY A A NV ICE>TREIDARST, TORFETHETEZ Labh
5, FHZ, BB U2 HABYA A M VIFEWKREMEMHEBETH 2DIZ L, X BIA X MY CTEET
TlddH 2 DRI 225 Z e D¥b s, STIYA A MY O EAEH O SIIAN Iz X - T
TN ELT 25, &5 ME CIERBEEMHBEIZ R 5, BALAEIRI U 72 B2 1R R & 0 & 5k
MBI DIE S NURZANVF—IZERTH S, T, 74Ty hOALY REBIZEWT H R
SDEXBMELKIFSHIAA N DAL EIZEIZEHTH S, T L A0 HEETE Mg
PEDMHRE S N B DY, D FRIFEEEAZE S Ny F U TR PNBE N2, BIEDRTE R D BEIZEN,

RPMEEADOKRE X L SVBHES TR L OMBERBGICKTEST 2 2 &k, BREMHEEERD
Goodenough-Kanamo#i] 7 5 Hif# T & 5 [28], X 2.1012& YA A MV IZB I BEE S TOHEDHE
720 DA %IRRT, BESTOETIREIX, HOMO (highest occupied molecular orbitalCd % n
MEBILBEFPEPEEINTED, ZNOVEONFITHEY Y T TEE0E S D TR ENEH
DRI DPPRES, BIZIEHBIA A NV IZBWT, n #BEOER D BT AL 20, IRETEH
BIIMREZEND, —ATXBMIAAMVIZBWTIE afuElXER L, ERVEIIEOILRE7-
O, KEEEEMHEIIE S NS, SEYA X N TE, HEHMETRELRIEIVTENH LAWY R
1272 %,

UEbzgeddl, BESTRXAI—OBLEREEZEZZ B, HE2 S SEIS LLIE X BADS
TRV ORER2ZRTIHERD D, VA A MUNEL B, KEMEERER I OEb 2/
5728, B S=1 AV XA —DIXNF—EMITHEHTES WV, A THENEDO 1 VT Yy
~ DHERLH, AEs.t = AEtq %7z & 5 2 A1EIC HNIE, 2.4 250 iR E BR<EIHTE %
Z ek B,

ZIT, BENFEAI—DREIRL T, N7 OFEARBEPLEARBRZICED L TALY, AE



2.3 BESTOAE U AMKGR S TRIAT V2 vl 11

By 2§ -

Ferromagnetic Antiferro Ferromagnetic

B8 & 0%

2.10: Schematic orbital overlapping for S, H, and X geometries.
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. ERERFE T O SRR DO T 2L ¥ — A7 — LK E W2z, FHKOMIIZIX 100 TR E
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3.1: P-T phase diagram of oxygen summarized by 3.2: P-T phase diagram of oxygen around

Freiman [4]. then phase at high temperature [34].
< i Fet
(%- N | AN L’-Eﬁ' ',:'I'-\;- o
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O D1B7V\\j/ B =117.76° ; E
°l a=5375 | St i

RS

3.3: Crysral structure ofr phase of
solid oxygenC2/m[4].

(@
3.4: Crysral structure ¢f phase of solid oxygen,
R3m [4]. Trigonal (a) and monoclinic (b) unit cells.

DHEIRESG PR R EI2B 712D TH D, KK TEIRL[E T THET 5, MEKRES & CEEKRE o
M. B, y MHOERBEIGYIVERIE 217 > 7o IREIDSIEI NS DHOYIMEIZDOWTEFL <FHIT 5,
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3.6: Crysral structure o phase of solid
3.5: Crysral structure oy phase of solid

oxygen,PnBn [4].

oxygen,Fmmm[4].

1323+
42
32332

3.8: Crysral structure of phase of solid

3.7: Crysral structure o phase of solid

oxygen,C2/m[37]. C2/mi42
oxygen,C2/m .

b
a

3.9: Crysral structure of phase of solid oxygen,
P63/mmc[44].
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3.2 BAHBSLUVERER o. By HOYIM

SABEEBHL TV & 90.2 K THARBERVERT 5, BRBERFZIZN 310128 T XD ICKE
TEREOYMETH S, LrLRss, WEMEBLROMIZF 2 ) —[Hh 5 RIS D 60~
40% & /NX < (X 3.1D., BALAIIHI SN T VWS Z RSN T W5 [45,46], LewisixkZ DJFIK &
LT, FEEEMED Oy DD —EEISFAET B2, BbIZHFET 5 O, DT DEEWHAT S, &
WORFIZFRIB L 72 [45], U2 U7y S, SEFEOFIEHME M 7 EEL RS — B S T8 PRI L 5
RDOFER, 2 THAT DML Oy 0 T2V D X0 Ik, HRITL D EUZEERNZR 0-0p ¥
VIL Y NRAY—TH DV RRICHRE N T W3 [47-50] %7- 2 OEEDOH TEFIIE H D+
N DREKTH B Z EAERHEI T W5,

U 54.4 K THUARS 138 E U, EARERE vy HASHBIT 5, ¢ MHIZS 55 TEREE PmBn TH
% (3.5, ZokidEld Als LitiEh, BEMIEAYORZEEAR (NbsGe. NbsSn7z &) & [H Uk
iETH D, HAMI1Z 8 DDMHEN T2 EHA. 2 DDHIRLE T & R > 720 T DML L
EIZEL, D 6 DOMBROBEB T DM 2> 720 TN T Om ET—IRIT#HEEEL TW5,
ZZCHRABBTHMIIBES TOHMEEEE ., MEROE 790 IXEE S T O MR E R 2 KL
TWBHEEZLNTWVWS, ZNH 2201 MIMKKWICERAR2MEEZA L, BRIRY 1 S 2VERE
THEDITHU, HERY A ME—ROeREMNEHE UTHIRTE 2 Z e BRI N TV [6], X
WM D B Z e h s, —IRGEHBICB T B0 TR H B A A ) ORFEEHE 5 Z &
RHIME I N D, BEARIESE y HHIFMHERT R H 2 B0 5 T FRAPKE L TVWRY, TIAFY
ZFTd % (translationally ordered, orientationally disordered? D7z &, y HIXIEAK & [E A D drfE]
DE>RMEEZEL, TLDOXDIANTEDIZERT S, 120 FEEOHHERD L Z 205,
DO EABREZEMHIC RS boE—HTH L Z RS NT WS,

Mg 43.8 K CHEAMESE y HO D Tl —AFICFRT U, BHEAHBLT 5, B HIEZE R, T2
BHIRIMTH 2 (KM 3.4, A7l cHiFICHTE L, A FEEOHHEI RS D Zeh s, 4
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3.10: Liquid oxygen at-
Temperature (K)

tracted by the magnet.
3.11: Molar magnetic susceptibility of liquid and gaseous oxy-

gen [46]. Solid and dotted lines show the experimental values and
Curie’s law, respectively.
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3.12: Deformation frong to @ phase 0 L L L L L L
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of solid oxygen. Side and top views [6]. TEMPERATURE (K)

3.13: Temperature dependence of the magnetic sus-
ceptibility of liquid and solid oxygen [4].

~5% &\ 5 KR AR P E 5 [4], EROMESHEET a-b BN REHE L Lo TH O, 7l
FITHEY A A NI TH D, TDH, MAHAMHEFEHAS a-b AP LERTH 2 Z & HEHH
INTWVWS[6], £z abHANTEMAKTEZERLTED, BAEHNTZIA ML=V a VOGFEPS
BRRENE R PR 1372 < FEEEREMBIIC E Y x5 TV B,

IR 239 K THEIEEDEAIZ L D BTHN T 5 A ML — 3 VIS, RoREEME B I
Mg & & B ICEREE o BT 5, FEURMRE o I3 TR E K THE— O R MEM i IK T H
% [51], o MIFHEAGF CTHEMBEXC2/mTH S (X 3.3, B-o tHIEB ORI ITREMRTIZLST
FNVF—RBTHD L INT WD [52], FEWHEIXMEPICELDOAT, WEOHEIFHEMULTWEZ
Ebns (KM3.4,3.12, - T, BKKIHEBIIZMEAR L LT a-b ML TR TH 5,

AR S & OCREAEEZSAHOMALEOIREMRFMEZ X 3.1310R T, BED FFE & &1 R
BIEAEL, MEMHERPEE TWEZ b s, FIC o HEB THE IR SN X512, Bk
Jif 56 C IS IS & AR ORNZERWABEID S 5 728, A Y U HilHMERS & (spin-controlled crystal
LIRERS [5].

CETTHNALEZEDIT, KRKE T THBLT 2 IRIKERSE & [ERRESE D& 1342 T SRR 22 4
BEAdh, HEOA A N INRRFMMEEZELTWS, LA ->T, 2S5 IFRIEEE &HTET,
NS DETHNC & > THIEEE T 2 WTREMEDH 5, KO ICBIL TIREAHIZ ED T, KED
BECHHT 5,

3.2.1 iRkmILIEIE

AHiTIE 19804 A IZKIKKFE Tlrbi 7z, FEHIEM D/ OV A< 7 2y b & FO 72 BRI 3 O ik
G ALRRE B 2 TS [6] 2N T 5. ZOWZETIX, 50 T & TOREMAEEZESMHORALHIE %
Yy 277y 7aA)EHWFEELETIT>TW5,

& 3.14 1ZE KRR SHD, 50 T £ TO LM EZ RT, T OREGHIE T, pHE y MO
FEAMIZEIE T, EX > EZF BRI TORY, BEIREEE o ORI TIX, 7 T I/
S READROPBH T T WD, :m;&ﬁ@ﬁ%f%6am®x8y7uv7E@?%5a%
MENTVWD, FEERBERRVZHHTH L7202, BHIZNDELORTITH > TWD, NEES
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3.14: Magnetization curves of solid oxygens, andy phases [6].

(230 T) ITHANZ WIS 3. BBED FOMKRELFEP NI W L2 RBRLTWS, BESTFO
e, AYVEGEMEAEH & A OB EAEH ORS R, 4TRSS U C R ER N A S
M5 Z e BHEINTWVWS [63-55] S, =02 S, =+x1 DEAGETIAINF-—DREIEIB&Z
B7KEINTED, MENLIZHEIESGIZIANTNI W Db n 5,

a HOBAL#ARE . Ay 70y TEBZRIFIFERKIRETH L, LErLARDS, of HIERE
ME (Tep = 239 K) fHED 22 K DfEALEFR TiE. 30 T PA_ L OIS T L& b A 238 & 1T
W3, Uyedasld, ZNAHIGELD o-p tHER ICHKT 2 AREMEZ BRI L C W2 05, FEMlIEEA & A
272> TWRW,

[ (A% o MOWEALDMEIZ 50 T T 0.1us /O, BETH 5, [EKRIEZE TR X 1 2 faFIRAL O fE 1
Ms=2ug/O; TH 572, TZEFTT LI0%FEEL DS 2T > TV, R b hi % K E
5L, SR E RIS 57201213 500 THROMSGVPBEL 85, o T, IR TR, BEIE
g 3Z D AR 2 R T 5 720121k 100 T % 8k 2 5 RS O R EVNBERA R TH 5,

100 T BA F Dk ﬁnEiEZT*%‘PivﬁlJ%%ﬁ? D 72T IR, WRIEERL 0D OV AT IS 6 A Bt & F Vv 2 i B8
HY, HHRTHEBAAERAMEMR IR SN D, KRR TIERAREZYMERAFO —&E 31 Vi
(B<200T). ERIEMEE (B<600T) [56-58] % FMAMERICHHT 5 Z &2 RuHICHIBI Nz, E
BUZHEGFRAE TR U THW =B E a1 IVEIZDOWTIR, B 4Z L E S HEDOERGIETHENT 5,

3.2.2 ZHFRILER

BARBEPEEOTHL IO DN HIED | BESRITIEATBDEBACE, R R G FRIRI R IR
WOFIET 5, ZORJFEIZ =4 FRIGER (bimolecular absorption & MEIEN 2 K EEBBTH D, 2
DOWFEN T L DONTFZBINL FRHIE S 2, RAGERNTH 5, 19605675, DR
Gk N B & RIS B 72 b 12 B D F2BR [59-63] & & UHLGRZE [51, 64-66]2% T b iz, AfiT
F T OMFEBICOVTHITL, BEHIITOWT B LT EMNT 2

W F# 4 T OIEEIRIEIXE 1.112R U7z, HOMO @ 7 i1z 2 D D& 1A ¥ ¥ »i - 72 IRIE T di A
N, PV TLy b3 THB, ~HTHIRREL LT, EPAEVRITBHTEICHAL
Too YU TLy FD NG EIES LW RES D B, M B3A5ICKE FRIEE T AV X —DRIRE R,
LA Lahin, T REFMOAFERIZAY v EFHEPLMT 20BN TH L, £ I TREN
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P — 1Z+1Z Violet series

u 3.27 eV
7 P =
1<+
r =V Zg 1.63 eV r =V N Blue series
N — g g 2.60 eV
'A
H 0.98 eV
N g e N — A 1A Red series
N — 1.98 eV
3 -
T —T Zg
3.15: Electronic states of Q3% T 3 -5
1Aq, and'z$. Only g orbital is shown. r —4 Z Z Ground state

3.16: Energy diagram of the bimolecular absorption.

TR T CTARIAE VE TN Y B L7202 KRR 2T 28 L, LT T2 T2ET 5
LD BAC VIR FERPEE D, INDVBED 75 TIRIGER TH 5,

THTRIER XS Y Iy bR =S ZAFEET N F RIS, /o T, RIS PR
BEDHIEST, GERBIZBVTHRIED FRIOEERIZ L > THERI T NE, KEREICET S
T TIRIPGER O IZEE, OWTIFEEHEEICEAKFT 2 Z VMo T WS [59,66]

3161 = TRIGER DT XN X =K1 725 LakmT, MREE LT A 15 & vwd
HOBFREVEET 2720, 2000 FE2ADET A Ag 1AG'E], 12318 05 3FHDO T
MEETHI LIRS, TEhRk, H. Z2ERONFEIUSG L. Red series(RS,lAéAg, 1.98 eV,
Blue series(BS,lAglzg, 2.60 eV). Violet series(VS, 125125, 3.27eV) IEEN D, BT AR AN
HWCTH D RSOBMEREDV BN 05, WkE L OEFRRIEFE,r oMtz 29 5,

3171z, @ERITHRE S NZERBRFZEO W HHRINA X7 ML ERT, RS BS, VSidEhEh
DATZLIHELTH D, FHBINEIZ, 0-0, 0-1. 0-2MEENDZI Y TI1 ML Tnwbd e
Bhhd, Zhs ik vibronic replicak IEEH, BEE S T D4 T NMHEES) (B &% 1400 cm?) &
A TN UTRBRPER TH 5D, 0-L 0-22WHHDFE (v) 1EH7y 7L L 7= vibron D& 7 8% #
LTEDL, BAHZ 512210 T 1400cm B2, BT A VF—licE -2 PHET S, 8597
T4 MPEIRILF—MIZHEZ I NTWB DX, phonon* libron &\ 72 & FHRENZ KT 55 1
RNy R EMHRC % 5 [59,62-64]

vibronic replicalZ fREI & 7 v IR E K BB I ONTRINREA/NE K 25 Z eI T 5,
BSIZBWTIE v ORKIZU 7228 TRIPUGRE T L TWEH, RSE VSIZEHL TIZ0-1D4M
0-0 & b HIRIEENKE L, MIFFIIKT2EEHTH D (X3.17), ZITBLKNEF-EED/ ) 7 1
B9 2R 5 BT & 5 [51,60,62] — 0 FIKIDGERIZ B 1T 5 AR AE iSE 32 THh, H
BMOFRA M) DBER T XA —2IRET 2 L. RGO GBI EFLDH 5 Do IZHFHI N
5, UL7io T, JiliEREBIZKEE T OO RIS N DB EDVH S, BSTIRE -4 T01%
NENRLBEFELIRE (TAG'EE) ~LEBRT Z720, AT KESIFRE BN, ) T« A
LB L% [60]. —/iTRS (PAgtAg) & VS (Zg's)) TRKENLERT H7D, /YT 112
B 2 BINAIAEEIZ22 5, L LAdis, vibronic replicaiz 8\ Tidk A 5 DIEIREEIZ W\ 5 2 FH°
DFNIRENC &> TEG 720 (M 3.18), KEIFREIXEN (B Cy) N T 1 B nEB L 05,
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3.17: Bimolecular absorption spectra of solid oxygephase [60]. RS, BS, and VS are shown in

mtramolecular
vibration
2h 2v

3.18: Symmetry lowering of @dimer fromDy, to Cy, induced by intramolecular vibration.

each columns.

NN RSEVSTIHO0-0LDD 0-1DHDPBIGREDV TRV TH S, 0-1 LD HTRLF—fllo
vibronic replica® W& X, v DEERIZ L7208 THFRADTH 5,

3A712HB VT, BB MFIIHOP R EARIESE o HHO 5 KIZBITBRINART MLvak, HIKE#HIE
No % 15% R L 723 Bl D AT ML 2 RLTWS, Ny ZIRINT 5 Z & T, EAKEEZEN D KGR
RIFHERT 2 MH 5 2@ & 235 5, BBERKE O RN & > T, RINARS SVHYET 3L ¥ —
Y7 MLTWBHFRDLRE, TANLF—2 7 hOEIZRSE VS @ 0-0 Tl 150 cntl, % b4t
DE—Z7 T 75enm BETH S, ZON, ®THOE—27 BT S 75emt DR LF—2 7k
1. EABESE o M B 1) 2 BB R 2 5 U 2 NS Ik § 2 Z e e v
% [60], HERIED T 3 V¥ —ARLET B2 EmS, BRI —2 E2T 75 cm BT 3 L ¥ —
7hT5, TNMAT, RSEVSD0-0TIEZSHIZ75enI DY 7 "3 5L EXBMENRD D,
ZORJFIE T VLT v —=UERO magnonil K37 VA RN TH B Z e EfE T\ [60], 2D
D magnon T A S % Z & TAY VEMFERI 272 L2285« BINAI 272 LI W FBB L 2 5,
T X VDI E =212 MA T 75enmt &7 b U7z Ai@E I N & 5,

BBz, AR CEIZHIE L7z RS 0-10MRINA <2 R LD 16 T ¥ TORISKAEN: (BT 2 Joi T
FEBNT S [61], RS 0-1ORIL Y — 2 (2[5 3.19-3.2012 553 & 5 12, ARG IZ & 5T 3DIc %
T2 EDMERINT VD, ZNEFHEEHEIZET 2 -~ VRN SEETE 5 [62], RSDJil
FOREEIE 1AMy TH Y. ZNTNOBES TIEHuEAEIR L, =22 2HFT 5, ftoT. ZH 10
AEMEAER R L, = +4, 02IU0 5 5, MBS PHMEI N, ZhofEEaHEICET S
RN, 3OO —ZIZRHATIEEZLNTWVWS,
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3.20: Orbital Zeeman splitting of RS (0-1) and
3.19: Orbital Zeeman splitting of RS (0-1) in (0-2) in the solid oxyger phase [61].
the solid oxygenr phase [61].

3.2.3 %
AREITITELRORIINE, FIZHEITBT 2 THIRIC DV TN T S, BRED ELRGIE O 51X

B, IEWRERIPE A M L T\ A g e LT, 19164E1C Eucken (17-73 K), 192941z Clusius
(10-72 K. 192941z Giauque(12-90 K. 196941z Fagerstroem(1.3-71 K & DR EH D % [4].

GiauqueX FagerstroemZ & 2 #i%52 N 3.21 % 3.2212,RF, 72720, —IRMEERI2HES I
BOFE D D720, JEFEDO XD BRANT WD, FERH» S BAROEEHEE T, FHARKIZ

RO A EI K EVWERIZH B,

B2 DWAR-y FHHERE & y-B IR IXIBEEMES . —IRMIER TH D Z Ao NT WS, BED
K E X TNEN, AHjqua_, = 445 Jmol [67]. AH,_; = 742 Jmol [68] & #ii XN TW5, T b
O —IZ#E T 5 & AHjguid—, = 8.18 JmolK= 0.98R. AH,_5 = 17.0 JmolK= 2.04R & fF 51 5,
72720 RIFEMAREHT 831 JmolK TH 5, B RS ZLIZHEIMHES > v bu -2k E,
BRI CTd 2 y-BHEBEOTY buE—2fD D AKEN, ZhiEy HEAEZY hrE—D T T A
FyIMHTHY., HTREEEOHBHENK > TS Z ITERL TW5,

— /T, HWBHETEHL PSMEE SNTE /0K aB HEBOWRETH 5, % < OEEHIED
TFOoNTELIZERPLST, ZOMEBOREICET 2 #EiRIE R 72 I mAHE T Wi [4], #ilx
X, Giauqueb 3iE#E AHg_, = 938 Jmol & #iti L7-DIZx L. Fagerstroenn iZi&#4E L A7 Y
VABFHELBNZ R EELTWD,

7272 U, a-p HiER I Landaud fHEEF BLGR 2> & B 2 5 itk O ZiE 0 & ZIRMIHER 12 7 0 /372
WZ EAMERE X T\ B [69,70), ZE[EIRE RBm A S C2/m A DREEFIEER DBS, NREE DA 34
D 1ANEJEAT B 72D ZRAHEER O Landaugef: 2 e L7\ [70,71]) 2O, HHZ R ILF—
DEFEAIZ 3MMDEDPFE D 72012, —IXMHER & 705 Z e ifFI b, 72720 ZOMERIZB VTR
FPEBORS EOMBITIMO ANSNTE ST, O TORENML T E VBRI IX ZIEER 12
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3.21: Specific heat of oxygen from 12 to 90 K 3.22: Specific heat of oxygen from 1.3to 71

[67]. K [68].
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3.23: Heat capacity of the sample cell with oxy- _
3.24: Enlarged heat capacity near @

gen neafT.z. 1; contiunous heating, 2; pulse heat- - ]
phase transition from Fig. 3.23 [72].

ing, 3; contiunous cooling [72].

HoTHLW,

a-B M IZ B 1) 2 LB E TR EEELE VW E E X 515 D% 199640 Lipinski & D& T
H 5 [72,73]} X 3.23, 3.24iZ, Lipinski &> D HLEDHIEFER 2R T, Mo IMEEMESIZB T 5IEE
MIER D721z, 2 F RO ZHAPHIERRE ZFHARTE D, 1mK X0 3 RWHE THERE
2o TW0Wb, LRLBRDBS, T2 TORBGEITE DX VIZEERIEZ HIIZER S NzH DT,
Y— 7 OWEIZIIREE D B 05, 0RO B O M2 B3 2R I X 3.23 IR EARE R D
BEORBERFNEZRL TS, AR L mEERIZIZ e AT ) Y ARFEL, ¥—27 R ®ix
5Z tb‘b*(ﬁ@ﬁﬁﬁ?f%é EHRRBINDG, ULPALARHMRS, WwEHERE AR HRLTE 5T,
— IR R 72 28 8 & 58 BAEUBRVWESICBHREZ S, FE S XA S AHg_, = 90
Jmol %zﬁ@ﬂ*,mo)ﬁft%fﬂﬁl/fa‘a . 2Nk Giauques DE L ABLTWS

BAE, Lipinski &1 a-B f#HEERE S —IXKMHEERE TH B Z & 2 ER L TH 0, Giauques OHIERE R %



22 3% R B X OREERBREOYINE

PR—FLTWB, 51T, Fagerstroems 28 ZIRAHEEFE ) e JE RS R 2 /572 i K] & U CBVEE % 5
L TW3 [73], BlIAIE, IBGEREDOLEZE JIE S 2B, IHEED 23K 263 5D &, 20
K AR SB63 2 O TIRHIERERP RS Z LB ME I TW5 [72,73] Fagerstroems Ol
XA 22 KFRETH D [68]. TN HEMZ LI 2N o TWAAHEM D D 5,

ZZTCMBGBREOGIN B — 7 2 IER U728 D% K 3.241ZR3 0, LS ATAS, 0.02 KEE
DIFFIHVRERPETIED 20, BIREZLICHADE - E DI/ AHLTWE I by
3, TN af HEBH " EBEORIER TH 5 RN 2 R LTWS [72,73) Tabb. a M B
MOMNZ, il S D REHEPEIES RN H 5,

a-B IR " BRFEOHIER TH 5 Z & id, REHEEPIEF TN &5 H b, Lipinski 5 BABED
FERSHGEE FHRE STV, LA L7ZAadt s, 19804EIC Slyusarevs iIZ & > TAE DAY )b
PR AR A & U CIEET 2 A Rel: 2 BRI 48R L T\ 5 [74,75) ~ Y AIVERFFH O AT HEM: 12
DWW, AEEMEIXEWE LDoD%, Gaididei 512 X 545HiH H 5 [76], KM 3.24D XTIV =2
RENTEIE, HERTHIZE T AU WVRFHICHIS T 2 Wil d 5, HRMHOFMEIZL Dk
2R AR 72 ZIRAHEERE O Landaugeft: Z i e 9 5 ATREMEA D 0 . MR I BLHT & 1 5 B IR %
BT 2 BTk, FRMIIEET ZRELHF R 5 [76],

3.3 Wik —RIKEES

WEO = §hbb SR — R —ERO R T, RIZET 2BRIETRDENT NS, FlAIERUA
ThhiE, &40 FIXTREHRFEOREBIZH O, REHERX (PV=nRT) k> THRELIEN
CABOBBREELS 2R TES, BRTHIE &4 D0 TAES KR ATIEKFE LTS D,
HBYWEFRT NVTRBO o Z e o Ny NEEwREOHBIA D WA EETH S, Iho
R U, JEARIEAHBE O 4 T S AW R IR BIC R IE Uy B 2L AN R 2 Rk e 2 8N i 2
DS HERN I D VIR #EETH D, TDd, BERKDO Iz B 2 st n 78 H¥# >
Rab—YavEHAWEEHNRERRETH D, H—EMEADED D IZRZHL W,

AR, WA WOREZ BT 5 ECEEAZEE . U CRIMEIMOMIZE AR I, EHZHED
TW5 [77-82] B 3.25TlxY v Hik (P) TBIHIZ 17z, WK — AR Ofl% <3 [79,80] [T
H—TEMHK BB WTHAED ) VIZTHEOBKHZ KT Z e Dbh b, ZDOOHMKHIZM 3.25
HOFIRIZR U2 XD IZRAHEEIZ L > TRAME NS, TROBREFILTIEY > B IS ALY AR
EEEERT 2015 U, @EEIRCIE =R ey M7 =22l LTWS, s O
MR IE—IRMIE TH O, RERFIFEE I AERIZZMT 5 [79], 72 3.261213K 537 (H0)
IZBWVWTIRIBE N TV 2R — AR Ofl 2R3, Ko TO5E. BE %&b U7z & ER A
(1; HDL, High Density Liquid & K& & % fo@{b U 72K E#ARFE (2; LDL, Low Density Liquid
D_FEEMPFEL, ENT & o TRERFBAhEFANE DS, HDL IE7 7 VTV T — VA ) % i
#LS BDIx U, LDL dkEEAZ KT 2, TN 5 1% 2 O Bl LS RN I 7 LTS
BWZEeMSTIAMNL—Ya VOBRIZH S,

INSDHEIMNSanE Z ik, WikEHET 5 ETH AT OREMMHE. 3205 FEArkEED
DENEEL WD T THD, FE, BIRICB TP LH L LTEELIT TR FEAEE (bond
order parameter Z H{  AN7ZEERAFE L, TOHEMEBEADDH S [82], UL LA s, BIEE
TIZRR I NWR —RARHIER X2 THED —IREMHN Lo TH 0. 5% ORI BE £
TIZR\, WGHAE OB —BAHEEE AR R S UL, WIRe WS EHER 2T 5 ETORER
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3.26: Two sub-wells molecular potential

i i of H,O [83]. LDL phase (2) is stabilized
3.25: Schemati®-T phase diagram of Phosphorus
by hydrogen bond, whereas HDL phase (1)

[80]. Inset figures show the local structure in the states” =
of liquid optimizes the close-packed local structure.
iquid.
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TRBRZ DR RE X RITBRARZZE ST HB YA XA MY TH Y, R 2 BN & > TEE
fELTWB, LA U S NIESIZ & > TR BRI L 7288, HELY A X MV IXLEITHFET S
HEzES 7, BOXEP SHIAX M) OFFEENE ANEDLL Z ePfFang, Zhld
HHEOWEAR — BRI DT DI LN TEEIF2oNE, Thbb, BKSBE XS FL
DR — AR OB L R E L SR 5, ZO0HA - DOHEAEMIZERK(LIE (HyL, High
Susceptibility Liquid & {Ef#{b4H (LyL, Low Susceptibility Liquid (Zxts L. ZhZnEx 2 ERT
BETRED I ond, AR TIKERBED AR ST, WIRBEEIZE T EIEFEHEE O 5
MWD 5 MR, BERESICB I BHEZITo 7, 72770, 2056 DREFFEED ANZED O HBARH
Bz E 200, HEMIZEES 200 WS RBEIZEFTHRL, ZBA4d—N"—L L THHlET N5 A
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WA P & OB FERZR DBafIg LRI E

HEMEAR 2 98 %5 BTl BAMNGRIE FEPEAHETH 5, BRREOKMIFETH MDA
ANV zHAI=y b UMEZA L, BEMENZHEBE 2R D, /o> T, 2 FHEESIRIZ LS
FHEERE DV & 72 B, AL DMHIZ RIS 5 Z e I s, MA T, BEROEREE . B, vy HIZZ
NENRL SR EZ RO, Zho DHDHEBBBRITE 5,

EAE, BRIV SET O E BRI E R A SR Tl —& S 2 VKA RO E AL
HIREEA VRS v, RERITHEAREE D R WHIEA I BEIZ 8 o 72 [84], AWIFETIE Z % EHARRFEIC
BH U, Bk 140 T & T ORI HE %2 5 A7z,

4.1 ZFEERAE

AETIE—&E IR AGDEZ, FEKIZ LD EACHEDFELIZ DOWTHNT 5, X 7[H
IR DL TR . AR OIREHIE Y 27 M2 OWTHRN T 5,

411 WE—&Z3M)

W3R A TR IR —% & 3 1 )Lk (Vertical Single Turn Coil, VSTC % i\ 7z [56,57] —%&
EAAMINEL TR ALITRT IS BB O a4 V%2 HWBAHIER O OV AWGREFIETH D, T2
WAV T U= o KERRE (2~3MA) %2175 2 & T 100 THhO @S BET2H 2 L
MTED, TANEFYa—IVREEL T AT 2IIVILETIZ & > THMINZIER 2 L > THHE T 2 05, fkl#
D B8 us DIEFHIN T, BHRAES K OYERIEZ21T 5. I &I E 51213 LRC [HEORE
B («c VLIC) 2 FIF, @I REL % T IH2 I L WABMICEECH S, AFETIR—SEDaA
VEAWDZETA VYR I RV AZ T (LN, &R (C/N) CREBLEABIREREERI VT Vv
Y=V EHWE & CRBHESFEEZATRRIZLTW S,

YIVERFZET CIERERL, MR 2 B0 —5 E I VG AEREZREG L, WEFEIZ L > THWS T
TW3, Mt —&Z 31 VEDOFAIZ HeOIAAID 7 T4 A A&y s EflAGEDLE T, BIKANY
LR CRE L EMERENTRE R SIS B, £, by Tuo—F 4 v RO T -7 XY 2
TV EMAGLES I LT, HEPOHIHED S W EFAEITEIZZR>sTWS, IoIT, by 7
O—7 4 YZROY Y Tk, EHIC LD ERBIZRRIDED» SIERER S NS 720, Bt <
TERERT A2DIZERNTH B,

7. UIEEFROMM 4B E 31 VORME LT, 3T =NV o0 A R4E B RHNZ5H



4.1 FEEHE
4.1: Photographs of the STC before (a) and after (b) the shot. (C) VSTC system.
% 4.1: Typical maximum fieldsBvax) and the experimental conditions of VSTC.
Abank | Coil diameter| Charge| Bmax || ABbank | Coil diameter| Charge| Bwax
12 mm 40kV | 124T 12 mm 34kvV | 142T
14 mm 40kvV | 106 T 14 mm 36kV | 130T
16 mm 38kvV | 91T 16 mm 40kV | 129T
18 mm 32kV | 68T 18 mm 32kV | 97T
150¢ A-bank ] 150¢ AB-bank
— 120,40 kV 1 — 120, 34 kV
L — 140, 40 kV ] | — 14®, 36 kV
100+ — 160, 38 kV 4 100+ — 160, 40 kV |
[ — 18®, 32 kV 1 r — 18®, 32 kV
E ] £
@ 5o D 50
of of
0 1 1 1 1 1 1 1 1 1 1 1

2 4 6 8

Time (ps)

Time (us)

4.2: Magnetic field waveform generated by us-[X 4.3: Magnetic field waveform generated by us-
ing the A-bank of the VSTC. ing the AB-bank of the VSTC.

PNTED, VT U —FENBIRTEZ S, BROME L BRIIDADVEE A v E—X VANK
&<, WGFERNRPEN [56], AFETIZANYZ7H ULIZAB NV (HEHEARE C=2635
uF) ZAWTHIE U7z, MRS mRESOBGRE R 4.1, R NN s G %
X 4.2, 4312”7,

/El
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4.1.2 FEERICKZWICAE

FHEIRIZIEN 441253, ETHEAEOV AUy 2Ty AL NV EEEUHWE, EADOy 7
7w 7 aAAVIKES] T, HARIZIEE-OBEMEEE D, O, NS I X A FEEEE
HIFZEIHBHELE D,

O =D — Dy = pupS1H — wpSeH =0, (4.1)
do
— =0. 4.2
=0 (4.2)

72U, S VoEMERRE (m?), HIFMBREGOmME (T=Whm?), ¥ 7221 7 Nk
(1) 4 (0 Oa1vzERT, LrLANRS, HEORTIIHGOZEM - KA WD, £HD a4
IV DENWEFED —B LR \W72DdIiZ, ABHGIC L 2B EREN 22 BIHT I eI TE RN,
ZITRBZYA VY 27y Ta4NVD—FIZOIAFEALLHEZEGANEZ TV, 5504
ZHD Z & CTHEES IRk T 2B EREE N ERET S,

O = D1 — Py = ppS1H + oM™ — uoSoH, (4.3)

Or = O3 — Do = ppS1H — oM™ — uoSoH, (4.4)
dd, dodr dmM*

- = . 4.5

gt at C 2oqr (4-5)

EEULY 7220 7 hiEEREAE (L) £ (R) OI1 VTANEAJlEE2 RS, ¥y o7y 7o
A IVHNTREBIZHFES T 2R OBEER M* OHEALIE Wb TED kS, EADEEIS Z & TRE
DALk T 2FFEEE )] (dM/dt) OAZRO BT I N TES, Thx dH/dt THB Z & T
dM*/dH, RITHAT2Z LT M BfEoND, M* Lk M IXIBIBIGRIZH 2728, ik e
Hg U CREE 35 2 & TRHALDE M IZHRIET E 5, EEEOHIEH (N142-N143 %X 4.5125R 7,
HI5E 12 1% Abe-probe (1.12p-20 turns & NomAbe-probe(1.12b-16 turns @ 2 fifEHo Ju— 7%
AWz, BFIEIANVTLHATO =0 T4 F ARy b EfAGDE T, &0 BEIGHEEE TCOWE %
R\BATHER LU, ¥y o7y 7TaA)WZiE, #EEOENA 7~ v BEE 1T Ok (AIW 0.060,
L) ERMGE N2 ) 2HWT W5,

EREBFRARNE S 7 b v F 2 — T O &2 KR TR ¥ Y #EF,. Nitofix (SK-229 THU & -
EDEYYINFa—T e UTHIIZERT 2, BT MV Fa—TNBEMBREATATERL, ¥
VINFa—TEIITAFARY MZALTORHAT S ThHhind 5, v 7V Fa— T NH

1 O:gas
(a) Kapton tube ©0.8 mm (b)
Condensed O,

Sealing
(Nitofix)

Left t ﬁ Right

Kapton tube
®1.0 mm

4.4: (a) Schematics of the anti-polarized twin-pickup coil and the sample tube. (b) photograph of the
pickup coil.
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4.5: Summary of the typically obtained data by the magnetization measurement. (a) Waveform of the
magnetic field. (b) Inductive voltage when the sample is inserted in the right or left side of the twin-
pickup coil. (c) (f)dM*/dt signal obtained byl®, /dt — ddg/dt. (d) (g) dM*/dH signal obtained by
(dM*/dt)/(dH/dt). (e) Magnetization curve.

SWHIN, FTEICHABENRED., TOEEWHT LI L CEEKRBRELZAEKT 2, HARMGE
DWIEN TR S Z LT, BEAOWLEMHRATE S, MmERCETIRMEITE L Z I0RETH 5,
YTV F a—T7I1FNEE0.90, 0.8D, 0.70 T, KW/E 0.06 mmd 3FEHOH T b v Fa—T%H
Wiz, BEOMEITIZ, ¥y Ty TaANVNEHOREID 7 1+ ) VI BRRWEERAALD T 7 FIVAK
EL BB, YU TINFa—TORPRKEVZEHEREREL 2D, UL LARHMNS EREREPIH
KWBEOLGE, BGOHMIEB L THEMRD 2O, YV IV Fa—T% vy o7y FTaq LT LM
UKIFTULEDI BENDNDH S, FEBRICEERS JOBARBRIIERREEDNRENH L Z A 5NnTY
% [85,86]), ZDK, YA v Ty TAALINDELADEBEIE D GbRLRED, WMIGITHE
THHRERBIIARMGE L UTHASONTLUED, DD, YV NV Fa—TeEy I 7y 7
A IVOIZIZRRE D 2 R, B&RIZIZ 070 DA T v Fa—T7%2FEM UL, HEICHN
Ta—=T Y U ITNFa—TONREEZLEDDLEUTDLSITRD,

e N55-N65: Abe-probe, 1.12-20 turns, 0.8&
e N79-N101: NomAbe-probe, 1.4216 turns, 0.@
e N102-N125, N132-N149, N155-N164: NomAbe-probe, {106 turns, 0.®

4.1.3 REHIEY AT A

—&E A IIETIRERKITHSG R E MR EM R 2 WS Z e TER, T s
SN K DEREEENFRE L, BECHESUCHDMENEE 2720 TH 5, Lr>T, ilkheilo
DD TAAAR Y MIFEBBEMRTERT Z2HEL’H D, —HIRKIREAM & TR RE ) TNy
WL 5,

AR, WIMERESER CIIBES I 2 DA% FRP (H 9 ATHRF ) 12 U7, VSTC HOMBARA~NY) 7
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4\ Evacuation

Liquid He T Gas He He in He out
jrmﬁ = - ﬁil_li-
ﬁ —_t—
1t heater 2 heater Thermocouple Y Cryostat (SUS)

He gas T controller

Tale (FRP)
l Flow separator
He gas flow //// (Kapton tube)
cryostat

| — Vacuum layer

|~ Kapton sheet

%% ingle-turn coil

J UL

<> ID = 4.5mm
<> ID =6.0 mm
<—> [ID=7.8mm

4.6: Schematic figure of the He-gas temperature controller and He-gas-flow cryostat. Photograph
shows the outside view.

DDA RI D 54 F ARy N OBIFITEII U Tz [84], T — V41 FRPED 4 @fEIC R ->TH
0. MRS ZN T, BZEMEE, WKERE. BERENMEE. BIEANY T LABOIAAREITNIGL T
Wb, INSIFE—EEIAINEOHEIZE S INMFHBIZHIT 5720, fE»OEHAEDE,
HZEDPRE TR R o 2R T 2 FriIc I B 2 5, T OMOE IFFARMIZ AT > L 2O H 5,
EHALTEO, PRAMCHHATETH S, ATV L AL FRPOESITIX, RERICHMED By
Nitofix (SK-229 #Z#&E#K& L THHALTWA, 72, Nitofix 2 FRPEREIZED ZHZ 2 THedD
V=28 eNnTE S,

LU S, ANVDLABDAARD I T4 F ARy vTld, 4K UL EOMHEBCIREGIHEZTS Z
CIINEETH D FEREREHEOBALOIRE RN % KT 2123 S 20, 7 TR TIEREE
MDrSAFARY b2BEL, NV DLAHATA—MD IS4 F ARy b UTHWE, £/, A
VY LHFADRETY b E—FEHEL, EERBROBALOEEERTNEZ FH 7,

ANVILHAREI MO =T =AYV DLHTATO =D I 54 F AKXy bDOKEANK %X 4.6
R NIVDLAHARE Y O —F —ZEAZAT VLV AD ZEHEBEICR>TED, b—&X—
CEFPIO A 5N TVWE, b—X—ZIX 10 BEDOY Y A= VigEHAWAT Y L ADNEIZ
% & D) T Stycastl266C[EE L TH 5, HJEEHT I Chromel-ConstantaiyiExt % 7z, AR~
VI LEFERY VNS M I VAT 7—Fa—TJTCREIY M a—F—FTEM, —fEHioe—X—
TRALU 7282, IREGIES N/zA) T AT AZRED BT, IR T ADOLMHRENEE 2 Z 2D
DM, BEIAV M- —DRBIZESBEGEINZN I VAT y—Fa—TERHAL, ilkl» Sk
NEEZERIT DI THRORERS E2EMTE S,
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4.7: Design of the SUS parts for the tail of the He flow cryostat. Units are "mm".

NVYLHATE =7 T4 F ARy MIEEHBJEE NV T LATAED 2 @HEE» 5> T W5,
NV LKA AT N v Fa—TTHESNTE Y, NRIDMEERE. AMILEES S — L R LT
Bz Bz g, BEREINZANVTLTAZET V27442 Zy voRNflZ@ED, R 2mHIL
=%, AMUOREZE-> CTlHEINE NS, AEHEE X Chromel-Au-0.07%FéEN 2y 77y Fa4q
IABEIZEE LUHE Lz, NV D LAHFATO =D 544 ARy hDR —Y O~FEEHZ X
A712F5D5B, EN—VIFHREN) T LBORAI I 54X 2Ky b H#ERH O, N5
1/, £3E. FA4EEH VS, H2BEANVILFAENT A v LTHWS, F 1EICIE 4.5
DTN Fa—TaHAT7H =RV =KL UTHWO T2, B 3FITIEAE 6 mm 4% 7 mm
D FRPEZIO T2, 8 4BITIEHZE 7.8 mm A% 114 mmOfiR—2 714 MEE L IE FRP
BEWO T 5,

NYYLHFATZA—BIDT T4 F ARy MIRERBAAEERZ T TIER METHD E WS H
MEH 5, WIEANY D LAPBOIARTIIAREL 13.4mMmMTHEDIZFHL, NV T LAH A 70 —RITIX
JEEDRSE S 72012 11.4 mmTHEL, —MIZBGFRAE a1 VIZ/METH 213 EIGRAER LN E
7B, BRSO ENHEDPWRRIZA S, AFETIEAZE L2mmO—&Z 31 )LE2HWT, kK
140 THEDEEALHIE (2 Bkik U 72,

42 RBEREER

Witk B & O AR R A O RS HE OFR 2 Wt I 5, bRz B 1 LD RO
PEATV Y ADEEN S, MGHEHERIZOWTERT 5,
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4.8: Buyax dependence of the results of the magnetization measurements. All measurements are con-

ducted for thex phase of solid oxygen at = 4 K. (a)dM*/dt, (b) dM*/dH, (c) magnetization curves.

4.2.1 EFEEE o8

ARETIEEARBE R o HOBALHRIZBEI L T, RBIGEREN L IREREEZ KT, £7 o M,
RE 4 KI8T 2 @A O KGRV %2 M 4.8 1287, HIERGIEZZNTN., Buax =119 T
(N59-N60), 122 T (N61-N62), 124 T (N55-N56), 129 T (N63-N64) TH %, X 4.8 (a) (b). (c)
FEhEN dMT/dt. dM*/dH, M OREGIRGFEEZ R L TWD, LD Y O & 1ZIEMIE LA~
T2y NOFER[6] & —T 5 LD ICHALDOMEIEERIEL ThH 5,

BKRES DY 122 T LA EORITERE B CIEES O TH LABE CHRALOROABRI TN TW\WD Z & avby
%, BLORFIFRAKSZ L2512/t > THEHRS RKELARD, 129 TTHFAIE (Ms = 2us/O;)
D ISWNRREIZE>T WS, atHIZBIF5AE Y 70y THEBIZTTIFEET S 215 6] 22T
B N DORTILE RIZRE DR VHIER AR & E R 5Nb, 72, TORIFILE 2 =Tk
N7z, BEDFORSFR BRIV T WA TREEL SV, AR TR, 2 2 THEL 2
BEGHH 2 0 & WY, o EARREAR & X9 5,

W% LA @R e BB ICICB T 2 HEBES IZZNEN B ~120T. B, ~ 70T & K& < #R
D, EABREATY Y ADOGFENRTINS, ZhiXa- 0 HEER—-IRTHBEZ a2 RBL TS,
BAES% 21200 THALOTRODI K E L 5Dk, B us DESEREEZIZE Y 0@
BEL TWARFERMLTWEEEZS5NE, LA > T, Byax =129 TTIRXE 72 o - 0 HEB D&
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HTHO, HOMLRZERIZAEHMLTWANE S PSR TERY, a- 0 HiEB 2T SE 57
DITIE, TEVEKEGOEVEE], B ULIE TR0 /7O ARKMOEWHIE ] 2475 BERD 55,
— %X a4 VEORENE B, 2OV AR MIET 2 LI TERN, I TANETIE. & RKESD
EOVHIE PR L. 0 FHIC B 1 2L ORIFIZ DWW TRz,

Bvax =130 THDHRIERE R 2 M 4.9-4.1312F L b 5, HIESRMIIUTOEIZE LD 5.

N63-N64 | 129 T | 4K || N104-N105| 136 T | 5K || N148-N149| 142T | 5K
N93-N94 | 142 T | 4K || N142-N143| 130T | 9K

ARG 130 TR A ZHEIZ. VSTCD AN Y 5V TS AT his & OBEWIRE DB D S B
ROMEREBRFUTEL . BEORWHIERMTA TWAWL, —&ZX a1 VETRAMSE 2 K& LY
G TAANVOBENRRE Y, BHOARY M RELR>TULE S, FEEIC X 2HALIIE DG A,
W5 D22 - BRI R — VDR E K 2 B 2 2 DHESRMLEEZ GLEL Z ML LD, FEE
EUTHIEREN TR >TUE S, Hl21E N93-N94 N104-N105 N148-N1490#5H Tl 2 [ Dl
ENDEFLEZLFIETETVWRWZD, BALERSYHEIIZRE LRI R > T WD, 2o OHER
B S IIEALOMIEZ GRS 5 Z 1T T E RV, MEBEE PR ORCICBE T 25 ThNIE
HRETH B EEZHNS,

FEBRPAIRE RS & < JIE T & 72 N63-N64 N142-N143DFEHE %M 4.1412F & 5, b DM fiEix
MR VA< 7 2y P OFER[6] ZHWTHKIELTWS, BB ENIC, BMLHfROIRITEE L T
WBZeDbhbd, WALHERDIED T N63-N64D HAHES W TWA DL, EERAE TR & 51z,
YU INFa—TeEy o7y F7aANVOEMMIENE L bnd, MEHERBIZME - TRBMARA
BWEU7ZER, YAy 27y 7aAVO—H2 M UKITTULE S &, SNBSS ICHRT 2 5FE K
BAVHBHELEDT, REZBAE L THRHING, 2 8GEITEBEPZIL 2B OB R
T2 e08EZ6NED, Zhd /A XADORKIZEDES, FIZBIT2EALDMHEITT NS IZIF
FIRIL TWBD, B AT VY ZN—TPEHU S IERZ TR, 7272, N104-N105 (4 4.11).
N148-N149 ([ 4.13) OFERTIZ 140 T COMBIHIZTL AT Y AV —TDVALTVWBE L5 XK
XEHBEPENTE D, N63-N64 N142-N143TH o - 0 HEERIZIFIFRTLTWVWEHDEEZ S
ns,

BEALHAR D 50D X D12, @ - O HIEBIZERB L ATV Y A &2M4S —IMIEE TH 5, Akl
MOE ATV Y AN —T% ug §BAM » 55H5F 5 £ . N63-N64T 320 Jmol, N142-N143T 326
Jmol iZHET 5, ~BZIAMNEOHEIX us A —X—Th O EZX oNb7-HD, V=7
DEMIFE ATV VAR LT, iBRORBICTET2LEX NS, BEAERBEED ILEOHIE T —
£ [68] #XM 415127, ZIHHE EAZ AL 2 L. HIREDN 4~10 K DIGE, 24 KFEE
FTCERTHEARD OND, /70, KRBT 2 BN Wz, #IHIRE OB WISHKRE
WIEEAEHRELRZW, MEOL ATV Y20 ADRES b5, WHRO » TIXEREEZE DR
BIX24KBEIZETERLTED gHPHEHLTWEEEZ NS, HELHIREDRD., 7T0TLARD
WG T o T2 < BHDOBALHFERIZ L TVWEDIFZ Db EEZSNE, LATY VA
O ZZELT, KOFLWERDHEEIEE 6 ETIT D,
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4.9: Summary of N63-N64Byax =129 T,T = 4 K.
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4.10: Summary of N93-N9By.x =142 T,T = 4 K.
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4.11: Summary of N104-N108Byax =136 T, T =5 K.
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4.12: Summary of N142-N14Byax =130 T,T = 9 K.
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4.13: Summary of N148-N14®Byx =142 T,T =5 K.
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4.14: Magnetization curves of the phase of solid oxygen obtained in N63-N64 and N142-N143.
The result obtained in the non-destructive magnet [6] is used for calibration. The estimated error bar is

2.0

©
()]
T

also shown.
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. (a) Heat capacity of solid oxygen at low temperature [68]QE) f C.dT obtained from (a).
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4.16: Summary of N132-N13Byax =120 T,T = 19 K.
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4.17: Summary of N144-N14Byay =120 T,T = 21 K.
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4.18: Summary of N95-N9Byx =119 T, T = 34 K.
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4.19: Summary of N124-N123Byax =121 T,T = 35 K.
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4.20: Summary of N134-N13Byax =121 T,T = 32 K.
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4.21: Summary of N136-N13Byax =121 T,T = 40 K.
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4.22: Summary of N157-N158y.x =142 T,T = 34 K.
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4.23: Summary of N161-N16Byx =130 T,T = 42 K.
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e N79-N92 N98-N103 N106-N109 N112-N113: liquid N cooling, 1atm or pumped
e N116-N121 N138-N141: He gas flow cryostat
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4.26: Summarized results of the magnetization measurements N79-N92 at 77 K using the Jiquid N

cooling. The black solid line shows the result obtained in the non-destructive magnet using the same
setting. The dotted line shows the expected saturation value.
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4.27: Magnetization curve of liquid oxygen at 77 K using the non-destructive single turn coil (red
curve). Inset is the photograph of the non-destructive STC.
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(a) l 0.90 (b) ()
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- Sealing

4.28: (a) Sample tube with impedance. (b) Deformation of the sample tube caused by liquid oxygen.
(c) Deformed twin pickup coil.
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4.29: Magnetization curve of liquid oxygen which is prepared inside the sample tube with impedance.

Sample is cooled by using liquidNt 1atm (77 K) or pumped (64 K).
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4.30: Magnetization curve of liquid oxygen which is prepared inside the sample tubes (inner diameter
is 0.9 or 0.7 mm). Sample is cooled by using liquig & 1atm (77 K) or pumped (68 K, 63 K).
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4.31: Magnetization curve of liquid oxygen. Sample is prepared in the Bapton tube and cooled

by using the He gas flow cryostat.
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4.32: Normalized magnetization curve of liquid oxygen. Sample is prepared in thek@Fton tube
and cooled by using the He gas flow cryostat.
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4.33: B-T phase diagram of oxygen obtained by the magnetization measurements.
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5.1: Photographs of the HSTC system. (a) Inside of the protection room. (b) (c) Before and after the
shot.
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the VSTC.

FEFEAEE X 400~450 V TH Wz, ZDODHNFEZ L7 D %M 5.6 1TR7, 77 LIdEME
D FHART MIVIZ X2 v ORERDENL D728, RIGRE O FHVEEHZ IZ 2 n, TV 7 21
R 7205, HIBIE I & 2 K2R FE R DS E T IRIGRIE D 55\ > TV TEREE D BWHIE
MTED, R TIEEICHTHE Z EAREE o L AT, B8 %2 BIREESE & EABESE v I W2,
A K OEEHOEEIZIINT 7 A N—F AWz, MEOERENLT 7 4 N—THAALE
T, EBREZ > T\W5, JRHEEIXEER (Chromel-Au-0.07%Fe Chromel-Constantan® L
CIFRUG, OF v 7T (ZREHEKAASHE,. RMC1/32,3.9K) 2HWTF IV XILIILFA—R—T
WUz, B3 EbE ICHREINZE Y 277y TAMVOFERE N 2 A 0 23— T THlE
L. B 72,

513 X774 N—HHLAHEEEETI

REELOEAK 2K 5.7125R7, Y FLtibid, R—27 54 VO FRERZ SA A AR Y
FNIERIZ, 7 7 A N—THEZ T HHTHAAD, FHCERESE o 1, B AIZEEELA RN 72, A



5.1 FEAE 49

Shield room Control room
Digital Oscillo- Capacitor bank
voltmeter scope 200 kJ, 50 kV Delay |_ | Control
L} pulser board
Thermo- Pickup :
couple coll Protection
Single room Polychro- [ Streak
turn coil meter [{ camera
1 fiber q\)

A

Optical
Xenon I E
flash lamp fj u:]] > T—><—Rotary pomp

wOOG B

T

Vacuum chamber
N Gas = | Oxygen
Liquid He R S bottle tanykg

5.3: Block diagram of the magneto-optical spectroscopy using the STC and streak camera.
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5.7: Schematic of the fiber built-in sample cell of solid oxygen which is incorporated in the He gas
flow cryostat.

BT & 2RI Y — 27 DIEL, BURIER D 7 A EE T S HMT & 5,

52 RREREER

AREi7 S ZWE B L OERIR SRR DI SOERIX A R 27 S OVEIE DFERIZ DWW THIRE T 5, SR
ARG NV E SR E DRESBARAFNE D S GBI I DO WTERT 5, £ 7BALHIE & OXFIE
BRIZOWTHHEMmT 5,

52.1 E&Ez*% o 18

EAIRSR a HOBESERIXA R S IVIZDOWT, KGR & SR FE 2 X 5.8-5.1312 7R
I, WESRMFRRESDOFIEIZ, TORIZELD D,

N46 | 117T | 20.0K || N51 | 129T | 21.6 K || N66 | 169T | 11.1K
N52 | 129T | 10.3K || N48 | 143 T | 235K || N69 | 193 T | 19.1K

HIEXT SR L3 2 HENIEEIZ RS0-0(1.98eV) & RS0-1(2.16eV) TH2, LZMHDIRINA RS
MLOZRGE 7B Y b (a) Tl FEE (Optical density, OD %45 — A7 — )V TRLTWS, H
MDA R 27~V DREESGHAFE (b), (€) Tldk, s ERIEREE FEEROAXT MLVEZITT, £
NZNRLTVS,

ETEAMC Byax = 117 TD N46 OHIEFESR (X 5.8) ICHH L2\, BIZEINNC & > T2 71k
PGER HRDIRINE — 2 RSO-LIZA X2 bR KIEIZZ(L L TWD, ZLIEBIRD 3 DIZ 78
TE 5,

o NART MVIEIRD T —R=V T
o NARY MIVEIMIEDEZ X ILF—7 b
o IRINHERE D kA

AR MVBIRR T = R=V 7 L TWE0DIE, BEOHEY -~ VRPN SHETE 5, BES
TORIRETH 2 1Ay FHERTH L, =2 %KD, /o T o TRIGER CIXEiHER 7L
LT, Ly=+4, 040, ZOMBPINTEIGIZ X > TP ND 72012, ART MVIBIRR 70— R
2725,



5.2 FRRIR L EE 51

Tz, WINARZ MVOEMIEMETZRALF =27 L TWEDIE, NE#ESENEALTWE Z
LEFERLTWS, 3228 Tk N7z & 512, ERMEFE o MHOREIRE I RIEHCREMERRT 2 D 5
ZENSNEBGBEMEL, 0 FRIGERIZE 1 2 HEREBNPLZELRL VDS, I 2 THEBHKYE
DA U7 BE. M Tl D 2 BERIREP A ZE T 5, BIEIRE (TAg) 1$S=0THBZ h
5, TARIVF —HERIXNIBES CRKFEE T, BEREBEFIEREBO T AN F—EDNI D, o
Ty BINARZ VD=2 BB R NLVF I 7 M $52 812735, NEESINEA T 5K &
U IR 2 F A NIER V., BARBETIIERBEDEPMOSNTE Y, MPLEEZIKET
% & 100 TT 20%5< $ OERFEFIE,fFS 15 [85], & FIEIRIC & v 4 RN R < 725 7285
B, REHEERASHL 25720, NEMES IR T 5,

SRR DI AT, FERBREOBALA AL TWARIREZKM L TWE EEX SN [7], =5
TIRIDGER O BLERIETIX, 2 DDMEHES T BN 2 R T 2 KT 2 M ED D 505, BRI
bT2IZONTART EZHHRT DHERIVNE 25, o TRALDOKRE X & JRIPURE 13 B D
BRIZH 5,

DA E, N46 DJlEREFR (X 5.8) (DWT, EMRTIED 2 2R 2 ZRICANS Z &7 ek
INARZ NV DGR 2 BIRT 2 2 N TE 2, o T, — BT/ NVEEZHVEHEIET, &K
W35 117 T TIRFEGBE o HIZHER L TWARWEEZ SNS, ZOMEIBIHEE EAHLT
Bb, HEHLTVS,

WIT, BREEGH 129 TUA EOHIERE R, X 5.9-5.1312F H L2\, 206 OHIERE R ©IXES
DIHEMHEIZEWT, RERFEETHEEEDIZRML TOBRTFPBEIE Nz, ZhfE-T, M
5.11-5.13TIXEEBNBED A DD, ANV =W ATDEENRXAFIvIL Uy INSANT
BO, FRRTRUZRNARY MUBERIZESNTORY, LRULARESLA ==L YL TR
W 5.9 5l I NG & 512, BEEEAMOBIZ, SO TFRINE — 2 IZE2IHEBLTWS &
Ezohbd, Ik, WLHETElE Nz, o -0 HEBICHET 2EELERI NS,

TR — 27 ORI, BALHIE CEE S N EOTRO L SHERTE 5, ERERE O
B U B, 0 TIRIGER ORI S IRINGRE IR T 5 Z L I N5, F7-fifbh i
FIUZBRCiE. 0 PRI RITHEET 2 Z 2 if b, fE> T, SR A RS MLofl
RECTHBI S N7 NI DOHEIE, 0 FIZBWTHAED R L 722 L 2R L TW5S, =720, BINGE
& DHEWRITEALORFNZ BV 2 BB DA TIREL, 2225 0HIcB VW TRMEAfEILTW5 &
FEFEERTER, WTIZE K, A TIRINOMEEIZE 4 BCBllI NzB ko2 a vy AT v
FTH 5,

R E D R RS TEIN L 2R P ER OB S EHIHTE RV, ZOREEHH
T572DI21F, BERBEONBEBENSMHIL > TRED I L2 FETIHENH S, X 5.1412.
BRI B — y MHERRIC BT 5, BEREDE(L L BEHEEZ/RT, EAREESE B ML y FIZEHAR, KK
ARz D12, R E UL TBELREN T 2o TWB Z Wb s, MiEDENE, SR G
DB SHMETE S, FEEREEE B o XD TN cHiAAICFFE L TWa oz, BIFRI
BHMENEC D, —Jy HIZ cubicTHh D 7T EMPICHEERL TWA 72, WRRED X S5z, K
FHNZE SN TH B, AL THOT WS FERBREZRRHIZ RS TH O, SEAR CETEONES
NEED L, HEBEELT 22 EZ 5N 5, ERHPEANTHNIE, KFIZB T 2RO REE
FHHE . BELEENTR R B IETTH D, U ENS, BUHIE B @GR o B E AR
DOFGEMIEERRATH D, 0 HIZHFNIZFELNTH D I L WRBI NG,

¥ 5.8-5.13D F @R DAL E M 51512 F 2 H D, 7277 LiBi@EiE logio(l/lo) 1. =07k



52 H5E WIS L ORISR ORI ORI A R 7 b IVHIE

PGB OFE LR WKRIZE T 2 EEL{E 7oy hLTW5, HEEBIZE VT, BELHEEIC
PR BANBH I N D Z 220 5b, A TIEZ O, EEGRE O 2B AEH < h /-5 % MH
EBRGE UCERL, HEIZHWS, BRESPENT 522N T, a -0 HIEEBROL AT Y VA
V—TEERRIZKE K RBMEADV DS, Tk, a -0 HEEBD us &+ — X —DGRENIZED &
VTV TVWEEkTFEKMLTWA EER 65N, £72, W FEERICE\WT, BEGHRE L E
BEUINET & RIS 2554 (NBL N66, N69) A9 554 (N52) 2idb 5, ZhidHiE i
o TEAEFRRDRMDED D | R HEEENET 272D LI TE 5,

Ll T T T T T T T

1507 (a) Bya = 17T, T=200K| ®) Yemeen 1 (0) Dewinsieey
p ” 0\‘———4/“\ | M\:)j:[
= P =05
Q@ s | 118 T \\\__1151

5 )

N opcal B f80T f 80T f\\
= 220 Tdensity Q -r
2 T ) My S eor /
8 ' = mﬂw Whesiinngpatarases! Mo
@
< 08 0 40T
=
s 04
£ 0 20T
o 0.2

2.10

. : i 0T 13T
0 2 4 6 8 208 212 216 220 208 212 216 220
Time (us) Photon energy (eV)

5.8: Results of N46Byx = 117 T,T = 20.0 K). (a) Two-dimensional absorption spectra. (b) (c)
Absorption spectra in up and down sweeps.
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5.9: Results of N52Byax = 129 T,T = 10.3 K).
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5.13: Results of N69Bvax = 193 T,T = 19.1 K).
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Figs. 5.8-5.13.
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5.24: Results of N204Byax = 499 T, T = 482 K).
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5.25: Results of N199%8jyay = 594 T, T = 50.4 K).
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5.26: Results of N200Byax = 67.1 T, T = 49.8 K).
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5.27: Results of N201Byax = 681 T, T = 46.4 K).
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5.28: Results of N205Byax = 749 T, T = 49.3 K).
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5.31: Results of N196Byax = 991 T, T = 488 K).
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5.32: Results of N202Byax = 1115 T, T = 47.7 K).
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5.33: Results of N203Byax = 117.3 T, T = 49.0 K).
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5.34: Results of N130Byax = 1227 T, T = 47.8 K).

B8(T)

Photon energy (eV)

T T T T T T

Bya = 14147, T= 466K (b) Upsweep | (C) Dawn sweep |

140 T

1407

120 T
i parhg g arin e Tt e

Absorption

200 210 220 200 210 220
Photon energy (eV)

5.35: Results of N166Byax = 1414 T, T = 46.6 K).

Time (us)

B8(T)

Photon energy {eV)

+ + 1 T T T T T T
Bay = 14297, T=529K (b) Up sweep {] (C) Down sweep
[
L OD=0.2 . 4
120T 120 T
100T

Absorption

200 210 220 200 210 220

Time (us) Photon energy (eV)

5.36: Results of N177Byax = 1429 T, T = 529 K).
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5.37: Results of N178Byax = 1441 T, T = 496 K).
(Ia) Bm'ax =146.7 T.‘ T=407K (b) ’ rUp swee;a (c) I D:awn sweElp
Joo=o.z I ]
145 T 145 T
P e A e

Absorption

200 210 2.'20 200 210 2,'20
Time (us) Photon energy (eV)

5.38: Results of N17%8yax = 1467 T, T = 49.7 K).
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5.39: Results of N180Byax = 1104 T, T = 838 K).
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5.40: Results of N183Byax = 1202 T, T = 833 K).
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5.41: Results of N181Byay = 1266 T, T = 85.9 K).
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5.42: Results of N182Byax = 143 T, T = 79.1 K).
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5.43: Results of N71Byax = 1578 T, T = 83.8 K).
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5.44: Normalized absorption intensity of RS 0-0 and 0-1. Smoothed and raw data are shown by thick
and thin curves.
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5.45: B-T phase diagram of oxygen obtained by the magneto-optical measurements.
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6.3 EEREREZER

B 6.3(C)DYATALIZLDIToMERMEZUTORIZE LD S, IMERIE X NLI75PABETIT -
72728, N172-N174TIEiRHEE ORI F R IEFAR T WA, £ 725 R AR ORENRE % To TR
LTW3,

No Bwmax To Phase| T meas. Memo
N172| 146T | 14.3K a X
N173| 146.2T| 17.1K a
N174 | 138T | 247K | aorp
N175| 136.6 T| 13.1K a
N184 | 1516 T| 31.2K
N185| 130.1T| 35.2K
N186 | 122T | 47.1K
N187 | 1025T| 9K

Spectrais ofr

R R ™™
OO OO0 x x

No phase transition

6.3.1 E&KEZ*R o 18

FFEAEE o HORIEREE, N175%2 K 6.412 73, BERAES X ORIGHEOEREE o - 0
MRS 1% Z DEFFIA 7 — izt U T+ . BRHORH TR T LTWS (X6.4 (a), X 6.4 (b)
DFINARZ SV D ZRe 71y ME =0 TRIGER RS 0-0 (1.98 eV), RS0-1(2.16 eV). RS 0-2
(2.34eV) 2 N—LT W3, BBRERBONRNARZ MLEYIDHLEZED%E, K 6.4 (C)I2n
T, 72720, RIGRED OD > 2.0 ML EOFEESIMA L THE D EENE WD, WMORWTH S, £
oo HEED 7017 a M & B O BEIHZRIBINA X2 M L& 6.4 (d) 1257 T, WRINEREE ORI L T W
BROWRSO0-2IZEHT 5 L. a HOAH BHDEINYE — 7 IZHARBIN & WS R H 5,

B8 DRI THIRINA N7 ML E GRS 5 & IRIND T 3L F — (LB AR IR T R L ¥ —
VIZRLTWAEZ RS, TOZLIEME2DARN) =2 A TOHERHBELAEBLTWS, *
N AR $ 13K 25 35 KHEX TR ERLTWAZ e dbhd (M6.4(@).
DHRBAIRIGFEMIER IS AT ) A0 ARFRE E X 5N 5, ZUXEIREEE DR A5
HTHEBRIZEML TWE Z e 2B KT HERRTH S, HEUAKSRTRUEZ—R, T4b
LIgGRAEE EO 7Oy NI/ A X2 EBATWS AR D 5,

"HEZTE ARG & B MK & R iR 2 ECEEALDE, T 5 REHRE & YERINA R M
DRMZEATH 5, ARHRE XEGRER, ML OSWmEEIN 2.7 SOR AT o — B HIEBIEE
(Top = 239K) %BEYIZ, ZHEFKHIZ, HIRNARY MLERLETH S o HOBIRIZE > TV
BIENDND, WHIZED Ty 2B 07224 I VI TEDBIZ  HIZES. &0 5 FEREFIT"HE
LMK T < "B R 2R < XRS5, o T, HELREMDEAEIZ R, AT Y A1
X DR TEBFREIRTFERCHATE LI L1125,

"B A X ST B2 7201C, BERBERROMHEEIZOVWTE Y Ialb—varvitkd
24T o 72, AREHERE LT 6.5 1R THERICEW, B 1.2 mmoHNEZ2E L7z, RO’
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Optical § 218 25K
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— E ' 4
> = 33s 23K
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- - b :
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6.4: Summarized results of N175. Time dependendence of the temperature (a) and the absorption
spectra (b) of solid oxygen on the magnetic field induced phase transition. The black arrow shows
the timing of the field generation. (c) Abosorption spectra at each timings from (b) are shown with
temperatures. (d) Typical spectra of thandg phases.

Bt (r) cRtdii (1) OBfe U, BdkiosA

% = %g(r(Z—T), (6.1)
R Z 2T, RHRE ORI FEE 2 TR 72, 7272 UWHEE X EARRE 3 g #E 2 e U, BRI 75 L
PR @ = 0.25 mn¥/s TREIE U7z, FIEIEEIRARIC 50 sTa#El L, AREREIC L VAL,
AR OWIIRE % To=40K & U, BERSME UCHEREOMRER T) = 15 K TEE U 72,

FHEAERZX 6.6 1I2RT ., @ - B MHEEBIREICHINT 2 24 K 2R TRLU T W5, B2 o
MIZRAI1213B &% 1.6 SO 22 Z e hibh b, EEOHETIZ2.7sHTHD, A—&—
LT3, /o T, BIEHOBIAL S RTHHERHRIZI VAT e WR S, BlHEE D
Thiz, YIalb—yarTlRMHAREZ ISKOBME LTEELTH D, EEOBIEE XD
WL TWAB7=bERIRTE B,

FEAREE o FIZET A MOBIEREE (N172 & N173) TH. RERREIZHEL TWARWS DD
U AR 2 SOV DEFREMRAZME X NL75 & @RI =L TE ., HEMEIIMR L, -0 lERE
LT N187 (Byax = 1025T) T. a -0 HEBPE ERVWEGEDOUE ST o7z, T HIIHARFEED
R E LT, BENSPEGICE U ZHBRY. 21 VOIS BOFEANREZEZ SNE 2D TH
%, MNIBFEROHERREEZX 6.710RT, SBRREQOHPETIREL TVWEDIE, NV ILAHATH—
54 FAXY FOKMHIREARKNTH O, ERBEZEOYN L IXBEGRIE, BEORERSRIE—
BEOANVERRD ) A XD SHIBHRED R A IV I oh 5 H, AEAFBBIEIIE TR,
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1:24
Cylinder model
1.0+ [t mm,10 s)
0.8
T(rt E p-phase is assumed
r=1.2mm E 0.6+ a=025mm /s
“ C = 30 J/mol-K
T1 =15K 0.4
To=40K
0.2
6.5: Cylinder model for the -
simulation in Fig. 6.6. 0 1 2 3 4 5

t(s)
6.6: Sample temperature as a functionraindt simulated by the
thermal difusion equation. Parameters are described in the figure and
main text.

23+ 1Optical
40 density
i 0.2
2
30“ S 22 .
=
< 0] g
I~ [<}]
E 214 5
104 £ 2 0.1
X o
o
0 ; ; ; |
. 2.0
Time (s)
(b) [-o0
0 20 40 60 80
Time (s)

6.7: Results of the control experiment of N1&jLx = 1025 T, Tp = 9 K) where the phase transition

is absent. Time dependendence of the temperature (a) and the absorption spectra (b) of solid oxygen on
the magnetic field induced phase transition. Vibration of the results is due to the vibrating flow of He gas
in the cryostat.

FRINA R MV ORES BRI NS, BGHEOXA IV IDBARPTH LM, Db
5 6.7(b) DR EE I N TIZBHS R AR ITDNT WS, KRN ARY S UIZ BEIBH X N h o 7
=%, M 6.70 (a) & (b) DR MEOHNEBZIEDH 520, WTIZE &, FRBHEE 2 £ IR A
R MVIZH, ARFHEZ RS S LS BRI/ oNLPr o7z, o T, —&BZ I IVIKIZK D
BGFEEIES . NIRRT BT E 5,

130 T £ CORMbihis S S 2 F#EIZ 330 Jmol TH Y., Z 2 5RRHEE X 13K 25
24K ~E BRI 22 enfiifidnsd, NI75 TS h7zilkhiE BRI 13K 25 35 KRETH
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D, FEEIZHELT630Jmol 2EF5N5E, /o T, BAT VY AR ARG AED SNz & &
HEDPSEFOSNZHREABIFAUA—X—THEH00D, EREMZIZ LBV, O —BUIFHT K
BOEWIHKLTWEEEZ 6N, NIT5IZB I 2 AES1X 136.6 TTHD, B AT YT AN
A DB N HALHAR K 0 L — TOEBEPKRE W BRI NG, ERNRFLMD 729D 12
. WS FAESM R Z 72 ECHALZ IR L TB L BELDH B,
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6.3.2 EXEEz% B HE

AR B AHOBIEFER, N184 & N185 % TN ZF N[ 6.8 6.91T/RT, M4 & &G ALHE
BT SR O BBD B T T Wb, D S FEEZ FRTE % & N184 T dQ(31-39 K) ~ 300
Jmol, N185T dQ(35-42 K) ~ 280 Jmol & BfEH o d, ZnsDREZIIZVTHhE BHOIE
ERSIZINE > TH 0., SiRETH 2 y HIZBENTOZRN,

HRIN AR M VITIFBESG FINETER TR ERZMNPRET VD I PR TEND, 0 TIRINAR
7 NVORREEB ML, FRISEECEENHMD L TWD, ZHTEGHERMAERIC LT v T
TIVNOREMIE R KIIDRZIL L 72720 8 E 2 51, o fHOHPERER TEFAKEOHK B S T
%, WIXNANRT MVOIIRIZERT 5 L. 72 UNCHEBEZEDO AR bLE BHOED L —FHL T
B0, BENEDOHRELEHLTWS,

WG R A OIRE DR HZMIZBE L Tk, mEOWERHRITKE SRR S, KT N184 DHIE R
TIXREDOE, SBICmHXI N, 3.5 sOWFRT o HICHEER L T\W5d, Z TSGR AL S HE
WKTOITAFARY D HEL, WHIZMEPZ U720 EZ 605, THUSDHETIEANY T A
HAZBEIY PO —=F—THRALZBIZZ T T AR Y NMZENTWED, EDREM0ENTE]
ERE N T B Z E BRI >T WD, L7h - T N184 & N185 Dl 5 ¢ v Kl A3
BLDEDIIRAZDIEINHEEDEDTHE EEZONS,
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0 22 24
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6.8: Summarized results of N184. Time dependendence of the temperature (a) and the absorption
spectra (b) of solid oxygen on the magnetic field induced phase transition. The black arrow shows
the timing of the field generation. (c) Abosorption spectra at each timings from (b) are shown with
temperatures. (d) Typical spectra of the3, andy phases.
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6.9: Summarized results of N185. Time dependendence of the temperature (a) and the absorption
spectra (b) of solid oxygen on the magnetic field induced phase transition. The black arrow shows
the timing of the field generation. (c) Abosorption spectra at each timings from (b) are shown with
temperatures. (d) Typical spectra of thg3, andy phases.
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6.3.3 [EfkEe5R y 18

AR SE y AHOMEFEFR, N186 (Byax = 122 T) #[X 6.1012/7F, WGRAERE T, 0.5 KIEED

BARRKBPBHIINTVD, ThEBEIZHRRT 5L, dQA7.1547.7 K)~ 30 Jmol £ fF 5N 5,
o HIZB I 2 NIEER (K6.7) 2FEBT 5L, ZNFITORBINENERTIZESHFRN, ZTh
VX EMRIESE y M RIS 2 BN U 7212, TS O8N ELC TWA Z 22 RIBLTWD, BLED
KR E UTiE, y HIZBWTERGFHEMIER IS ATV Y ZADOHRENED D 5,

B 6.10(b) & (C) 5. WIHFE AR T =0 TIRIDGER OB IZIZIER — 724, @R 2 2l
AL TWBZ bbb, EE5ETITo7- y HOUERER TH BABYH 68.1 TEA EOBIZIX
BENIREDRWADPEREINTEY, IV VATV MEER D, BELEEDEIT y HORSFHRL
FEEREIZHISE L T W B ATREVED D B,

¥ 6.3 (C) D> AT L TIXIEE & RN AR 7 bV DIERIZEAL %2 B O A4 — X — CRIEHIITE 5,
ZZTHWZIREFHTFEZ ANV = ATEAWZ us A —X—DHIE L TR MAGD
BBZENTED, NITSUBEDOA MY =2 H A 5% W HEBINA XY ML OJIERER (565
) TEHART, BERENBRORELIEZEMA—X—DAT—IVTHELTE D, KEOHEMEZE
MTES, RAOKKEEL LTIRL ATV Y ATANE Z 5N, FBEBORAMIGRIEN 2 & 5 15
FEMHEROTREM I OWTHRTE 2 WD 5,

- T fop=05 (c)
%43,0 ! .,_./QL__“-O,B 5, 47 K]
1 03s5,46K

' woe s, 4TK
155, 48K
-w:q 5, 48 KA
-AMN s, 48 K
Wa.a 5, 48 K
7. W Ma.ss. 48K
-J\M‘i.s s, 48 K4
J\-—J\Ms.a s, 49K

. RIS

TOptical
tdensity

Absorption (arb. units)

Photon energy (eV)

o, 3 K| L
A, 31K ]
v, 47 K |

2 0 2 ! 6 20 22 24
Time (s) Photon energy (eV)
6.10: Summarized results of N186. Time dependendence of the temperature (a) and the absorption
spectra (b) of solid oxygen on the magnetic field induced phase transition. The black arrow shows
the timing of the field generation. (c) Abosorption spectra at each timings from (b) are shown with
temperatures. (d) Typical spectra of thg3, andy phases.
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y HHOHEESM L, RS S REEE2 K 6.1ICELHE, T I TIRIEME STC2HWTIiT->
T AMHEDHRERLTWS (test1, 2, /-, RARLHEARSGOMFEEM 61112577, T
T —=N—=PREL, BeRES & FEAEORIZIHS 272X R s nwzo, HIEBESG IOV T
AT ER, 72720, I 2 CHIHIE N B RREZ LI L R TE D, 2 TOHERRT
BENIR E b o7z, BMARESRN ) 1 APFRETHNIEX, R WHIEFRIUHERTEEZA2RETDH
%, fEoT, TI—N=FREVEDODEMAKE U THADMEMIZ R THN, 5 2 DOHGRERE DL
PAZ B, 72720, K 6.11DMEIFMD S HERSIZBIT 2B R 24T 5 ITIFMEEN 4 TRV,

% 6.1: Summary of the estimated heating of thghase with experimental conditions.

6.11: Estimated heating as a fuctionByfx for they phase.

used for the analysis.

Byax (T)

No Bwmax To daT dQ Memo
N186 | 122T | 47.1K | +0.6+0.3K | +28+14 Jmol
N195| 99.1T | 49.2K | +0.3+0.2K | +14+9 Jmol
N196 | 99.1T | 49.2K | +0.5+0.3K | +23+14 Jmol
N197 | 76.2T | 51.2K| +1+05K | +46+23 Jmol
N198 | 54.3T | 48.1 K| +1+0.5K | +46+23 Jmol | Non-destructive STC
N199 | 59.4T | 50.3K | +0.7+0.3 K | +32+14 Jmol | Non-destructive STC
N200 | 67.1T | 49.8K | +1+0.5K | +46+23 Jmol | Non-destructive STC
testl| 30T | 49.3K| +0.3+0.2K | +14+9 Jmol | Non-destructive STQ
test2| 25T 51.2K | +0.3+0.2K | +14+9 Jmol | Non-destructive STC
N201| 68.1T | 46.1K | +0.4+0.2K | +18+9 Jmol
N202 | 1115T| 47.2K| +1+0.3K | +46+14 Jmol
N203 | 117.3T| 489K | +0.4+0.2K | +18+9 Jmol
N204 | 499T | 482K | +0.4+0.2K | +18+9 Jmol
N205| 749T | 493K | +1+0.5K | +46+23 Jmol
60k ]

5 |

§4m i

3

20 % % 1
00 T .5IO. .1(I)0. .150

Typical heat capaciB/= 46 Jmol K is
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6.4 F&OH

ABETIE—BE I INVEEMAGDE . AT ) Y A0 ADHRIETIE L BEURBRFEIZIGH U 72658
ZDOWTHhRz, KAFEOFIE LT, B & 31 IVIEOWMISHRERMIZ us A — X —TH 5 7-0DW
BORfE Y RAaE2 2 2FHLTWS, ZZTEATY VA0 AHRAE U LR, RHEE 3R EE &
TR RBEM T B Z IR RBUE L, MEMARED F AR E T IE R AT ) ¥ A0 AT & B REDKE
M3 2DIHMWEET 2720, WHHERDRENETH +2RERNIEONS, Thbb, Wh¥
HEHIBOREHEE ZNE TSI T, ATV VAD AL A KAEL2 ABELZENTEE, 20D
HIE FHEE, MO FHERHAHE L LB ITHAGOE L Z N TE 720, HEBRZRENITS
RN ZNETFHEE UTHEHTH S, ikl L IREF OO BE X Z NNIER W28, EIARBFE D
AR L TCHEATRETH 5,

EAMRSE o HIZBE T2 AT ) 220 ZIFREHIE &BBINA LT SIVIIED» S BT E 72, iR
EEAL» SHBA SN REEIX, Lo e A7) Y 2V —Th S B SN BE L A —X—T
—H U7z, WA, RRHEERP X Z 2.7sI2 o DREICKE 572, Z OB A T — )V IZBILEG
BRIV Iab—varviEReBBLZ L TWE, £ INEFARICHERINARS bLE
BHDEDNS a HDEDIZE 572, ZHd a - 0 HEBZOKIKINA T MLOZE D X7 ¥
AV AN K BFEBERNTZ2EDTHD I E2RLTWS, £/, a-— 0 HEEBZOELIKRA B A1
DIEE L —HT B HEBZE AT YA ZADEE»SHITE 3,

[F kD HIE % [ERIERE B E y HHICEHBEA L7z, BHIZBWTIE B -0 fHERIZHK T2 AT
YAUADBR S Nz, y HIZB W TR —EDQRBMHA DB S Nz, Uzdd> T, BIG O
S DOHORBHNFET 2 EZAONE, LrLAENS, REARCRABGOBEI/NE L, Z
OGS AR L TERT L 2 L 3B CIINEEE ZE2 o5,
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BTE

B H L OEAKRERROMAT
WIFENRAITE

ZZETO—EBETIANEEAVZIETIE, MEBEHMERORENRE 25 L. Th 2R ki
Jay hUTE, LU SHE 6 ETRAZL ST, EHREIZ e A7V ¥ 210 ZE D HREFE D
JRRNTZILLTWE EERZDNEYTH D, HERIHWGETH, MBEGORE THKT Y b
0¥ =2 U 2B E, R OREIIET 5, BT X > TRIERDIRENZT 285 % —fi%
IR BESE (MagnetoCaloric Bect, MCE) & IE.R, —%E a4 )LiETl, 5D/ OV ZHEEH
USDF—X—=TH O, mmI A ZDREHZ DO W TIIWEGAEE L a5, - T, BMKEAER R
E BTN A & BT A IEENE R < ABHEE B AT BT B, BLEDZ e 5, MR AT
FHHE 270y T ABICIE, MRAEEMRICL2ARORELLEERT EHEND D,

L UAaAs, —&E a3 kL llasbd TREGEINFP ORERNRE 2 €S 25 Z &1k, EEEFD
INE R & B ) A AORIED S, BRRTIXER T 2 ETERY, TITAETIK. T0O
YEHB S IZAH Y 3 5, JERERL SOV A< 2 %y MIZ& 5 56 T % TOWE NG EERD R O HIE 125k
U7z, ZORHGHEKT 0 D HELT 5 2 LXMWY, BHGAUINC X 2ikHREZ (L2 AL 5 BT
EHTH B, B FICB I BBEOBEIITE IIBERIHH L, AERD TDORATH S &
WD T, MR EWIE Y UTHEIRE, 72, INE TIMESRRD o - 4. -y B O®E
BlRIELS . AL TIZI NS OB HIEL 7.,

7.1 WK[BEWRAEICK 2YEHFIT

AR, NV AN LA G DE R BERERM AR ER L. B hRBREBZ LS80 T
W3 [88-92] /L ARk & BRI A MASDE D L TRADOHBEIZBENHETHL LI TE
7z HHOIEMIE OV ARG, Rt REE - msTRETH O, T ORI AT — VB +6
BT DREMET Z2RHEND D, MAEIZ L ZHBHEDLETIE, T 51T 1~2 KR WIKEFIGE D
MBI B,

Kohama Kihara & 13 #EOREF 2 W5 Z & T2 OME% [)8 U 7= [89,91,92] HLAI Iz,
BURFIFREEEIEE D 2 |IZHHIT 2720, RBEPNS K BNIER 2 IFEEmERBICE VR TE
% [92], Bz 12 CusM0,0g DA, JE A4 100um THIBFIFERIE 0.018 ms: B E TV [92].
ZOREOREMEMTH L, 7OV AGTOREMEE T HoWREE 5,

ARWFETIE OV A FIZ B 1 5 Wi P[RR IRHE 2 A s X ORERRZICE-R L7, 22
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(a) ) "

B LigHe

Vacuum space
Dewar vessel
Stainless steel tube
Sample holder
Bath heater

(c) /' 7oA
' Lig-
306 // 3y

< 304 ;
302 7, ~ 5.68 Field pick up coil/ F'u?;e Megnst £,
300 / - FRNE I
0 20 40 60 K%@@?A,_,ﬁﬁfgwf

t(s)

7.1: Experimental setting of the adiabatic MCE measurement [91]. (a) The sample with the deposited
thermometer. (b) Cryogenic system. (c) Thermal relaxation from the sample to the thermal bath.

W 5 (3 B RSB GER FHE D e TR DWW TR S %,
WA TSV E R IR & (XM AR T CREG 2 0N, AR OIEZZHEST S L0565 DT
HB, ZOBRDIREEIZ, BWESME» SATFORITHES,

5q=TdS= T(—)HdT+T( )TdH 0. (7.1)

WiESAED S, ZOHEIZBWTROIY ba ¥ — 3 MFEI NG Z e8NS, HRI 2 F MR

DGE. WEPHMI NIy e =3 L L5350 (BE2H), Refkozv b
DY —Z2 7T 5 &5 ISR OREN BT (8 1), T IR A BB T 5 2 B M 2 ik
EEBRDOFEETH D, MW EEME UToH ETEFEHINT WS [93,94]

& 7.0 IR JIE 2 v T 4 v 7 %R [91], RO FHEIGURIRTNIC S U, 0 A il
ZELD, 2R EANBER & OBEGE A2 D72, EIEEIEERENIC U, G & o Rl
BMHNEL<TB, ZDRy T 7 THERG L ORENRHIZELZ56sTHY (M7.1(c). S
wzm%wﬁ%z&-w(%+m§KBmT%%%#ﬁﬁ%é%é

—IRHHEER & “RAHEERE OB IZAE 5 1 2 MBI R JIERE R 2 22 nX 7.2, 7.312R 9, JIERR
RENEFNREEES S D NigsCosMnsgrinigs E A Y X v v 7RO ET AV VIEMEK BiCu,POs
Thd, HERBRIIREORGIKFEL WO THELON, FXLV PR —&ME2 S, &% DR E R
P —IRE T EOFEL Y b o v —ihif o in T 5, —IXEIEBOBIZIZ T Y bu Y —»A% IR
EBOBRIZIZT Y b —D— RO P ERIZZT 5, £—MIEBOBRIZIZFE AT Y AN
B, oT, M7205E6 TR ATV Y ADHAE, M 7.3DEBETIEMCE -7 0¥
VI ERERZ ETHERMEOND, ZOX DI, B —IREVH EORE SR S BEEMABERNE S
N50H08, MCEJIEDKE LM MTH S, @ OHETIETIIBISHINER & E8OEHRE L2
DINSIRNTO, EREIRICEENZ L B, S - REMEK EICHERESE Tay 52
EAFEEL W,

—RAEERS & IR O WIZ e A5 ) Y ADMIZE, MCE #ift O IRD S AR S, Zik
M OB (4 7.3), MBI IZEET 2 Fi10 10 TAHED? SIREFD P HE > TV IR0
N5, THFAEYF vy TAVNEL 2D, RLAIHESEERE (M) 7Ly b)) OREELEZ S
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320 0
— Direct measurements

== Calculations
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7.3: Result of the adiabatic MCE measure-

7.2: Result of the adiabatic MCE measurement for, | . ¢ BiCuPQ; as an example of the sec-

NissCosMnse7Inias as an example of the first order 4 o phase transition (black curve) [96].

phase transition [95].
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7.5: TypicalR-T curve of the Cernox
7.4: Schematic setting of the adiabatic MCE measure-ang RuQ chip.

ment of condensed oxygen.
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7.6: Shematic procedure to make the Ru€sistance tered on Macor disks.
chip.
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7.12: Artificial AT of Cernox at 50 T caused by B 7.13: Maximized error off at 50 T due to the

the MR in diferent settings. angle dependence of the MR.
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7.14: Results of the adiabatic MCE measure-X| 7.15: Results of the adiabatic MCE measure-
ment for liquid oxygen. ment fory phase of solid oxygen.
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7.19: Results of the adiabatic MCE measurement figgy: 7.20: Entropy curve calculated

The dotted curve shows the parabolic fitting of fhe phase O™ the heat capacity reported by

boundary. Fagerstroem [68].
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7.23: 8-y phase boundary. Black solid; extrapolated result of the experimer& {4B55 x 1073B?
K). Magenta dotted; estimated by Eq. 7.6 @3 1.51 x 10°3B? K). Cyan broken; entropy change is
taken into account.

742 a-pHEER

ETHRMNC @ - BHEBRIZE T 2WEHEROFHMEIZDOWTIRRS, o - B HHEEFTE O HIERS R
%X 7.24,7.252 R, WEOREHMIRIIMHIER ZRBTEILATY Y ZAEZRLTVWEHDD, HH
MR S22 5, M 7.24 £ 7.24 DN X EATRFZRRRI OBVEIEIZH 5, AiE TIREFRBEREEZ —
H20KUFETwmP L%, BEFRBLUCHELZIT>7201Ix L, BETIE 20K LIt 72 %
FIREGEHL, WEZITo7-, o THREDLEG. BMEREBIZH A REVELNH 5, HT#H OHIERR
13, 4R DR DR CHBEM 2R L, 20K T X THHBEREOEET o — B AHIEM DB HTR
7% Z 1%, Lipinski 512k > THWMEINTH Y [72,73) I v AF v b E X5, Lipinski 5
EHEBMEEZEL7201ICIF—H20 K FETHHITI2HENH L Z L2 EHLTEY, AifETEHI
7T2ADWEFRER ZBNTIZH NS Z 2127 5,

« — B HBEFSEFEOREIRIT. DA E2BAZLIANO AT Y Y A% R UIAD, o - p i
BN —MEETHE L ERBLT WS, 72720, AT Y Y ADKEIL B -y HEEBIZHART
INEW, B—y HEERS (1 7.19) % NiggCosMnag7Iniss ORESFEAIEE (X 7.2 [95) D4 T,
ELAT VY AN —TOHE AR E C—IRHEBORR 2RO Z Z N TE 2, LrLANs, M
724D AT ) Y AP SHEERZ ~BICIRET S Z 2 idTERw, FlxIE, PIHIHEE To=239K D
Ba () & To=228K &4 (Hf) LTk, BAT VY ALV—TOHEEEALBIZR LS
FBERMEMITUE S, M 7.24DHRE5#13 To = 239 K OHIERE R Sz o — BHBEIFRZ R L
TW5, 2TORERERIIZOBERAEZBALVE D ICTHRELLLTEY, =Y bu Y —[#EEDFHER
RBL TV, oT, MANIZEATERAMPED o - BHBERLEZEZL2DONZETH 5,

a - BRI B 1 B IREEAR I, B2 —IRAIERE OB & X R R DAL\, K4 DO E
HIFRIE o — B HBER 2 0B 2015 5. RLICIRENRD LB, e A7V Y RIZAS, MHEES%
WIS S T S IR Ui 2 28 &, @iz Ty b o =02 T 2 IR (T W2
BThHd, [oT. B 7.240UEFERIT MR & —MHER O A OREEHE L TWad, HfT
W7ETH, a - HIBHIE AR IOEW—IRIHIEE THh 2 Z B EfShTs b, B, fFE 2
% [101],



7.4 FH 99

Parabolic fit ¥

21 5 | | | | |
0 10 20 30 40 50 60

Magnetic field (T)

7.24: Results of the adiabatic MCE measurement figgy. The dotted curve shows the parabolic
fitting of the @-8 phase boundary. All samples experienced the the temperature lower than 20 K before
the measurement.

245 T T T T T

240

225

22.0

Ay
Parabolic fit *,
1 1 N

21.5 ' : '
0 10 20 30 40 50 60

Magnetic field (T)
7.25: Results of the adiabatic MCE measurement figgy. Sample temperature is kept above 20 K.
The dotted curve is taken from Fig. 7.24
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7.26: a-B phase boundary for the pawder sample predicted by Jansen [52]. The thermodynamical

analysis (based on Clausius-Clapeyron equation) is employed for the discussion.
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isentropic line ofS,(55 T, 21.8 K).
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7.29: B-T phase diagram of solid oxygen. Cyan and purple curves show the expetimental results of
the adiabatic MCE measurements. Obtaineglands-y phase boundaries are extrapolated up to 80 T.
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8.1: B-T phase diagram of oxygen obtained by the magnetization (circle) and magneto-optical absorp-

tion (triangle) measurement8{ andB; denote the transition fields in up and down sweeps, respectively.

Initial temperature and the transition fields are plotted without any modification.
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8.2: (a) Definition of the sweep speed of the fiedB(/At*, AB7/At™) near the phase transition. (b)
Sweep speed dependence of the transition fields forthehase transition. Color scale shows the

initial temperature measured just before the field generation. Circles and triangles show the results of the

magnetization and magneto-optical absprotion measurements, respectively.
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8.3: B-T phase diagram of oxygeB{ is shifted to the expected zero-speed valBg)by taking into
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8.4: B-T phase diagram of oxygeBy is shifted to the expected zero-speed valBg)by taking into
account the sweep speed dependence. Only the data obtained in relatively slower sweep speed conditions
(15 < AB*/At* < 45 T/us) are plotted.
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yhov¥—2AL., KIERESGHO 0 fHIMETY brE—DREBIZWE I 2EKLTWS, Lk
MNoT, ke yHIZTY o E—DBAh SIS NS,

ZZETOEMHDOTY buY—DlFEZ, a—-p- 0 HEM, B—y - 0HEEIZOWTE DB L
TDOXS512%5,

S, ~Sy<Sp;|AS|,—9 < 0.13R. AS, 3 =047R
e 5p<S55<<S,;0<AS; 5 <10R ASsz, =204R

EARRESHO T b ¥ — DRI S, ~ Sy < Sp << S, o6 N5, MEMHTH S o H, 6
MIAMEZ Y buE—MIZaBHIND Z &b d, vy HIES TRERD HHED KRS 77 AF v 7T
HB-HOIT, MOMIZHERTHEZY brE—HeRmoTWb, fEoT, 0HIZBWVWTE afl, prHE
FRRIZ 0 TR D HEHEIZHE L TWd e ER 5N 5,

ZZcRonzzy hu—0FEr S, HIETIRBIHIE N 57z y — 0 BRI D W THES T
5IENTES, ASy_, > ASp ,=204RTH2Z o, ZOMERIIERZTY b —£{%
S —HEB ThE e HEZOND, £z, HA4ZOLAIEDOMRN S OB 5512120 T 248
Z BHGER T y B L 0 FHOBALIZIZIFMM T 5720, AM ~0 2H#ifFE N5, M->Ty—0H5E
FOMEE (dT/dB)g—y =0 &0, X 8.6I1ZmRT & 512, W —HEMX ETKETH D Z LA
fEnsd, LI NEEACEZIETIE, 7SOV ARERERICREELZ T2 2 L ITNEER 7~
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8.6: B-T phase diagram of oxygen modified from Fig. 8.5. The
v-6 boundary is added by the dotted line.
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M Bz 133 2B A2 EINT 5 ECHEEIZZ 00, MEBBRIZBE TS -y, o-LHEBOHR
WTH D, AFETIELLTD 258 DIRG%E LTz,

1. RBHEE S, B—y. a—-BHBEFIZBWT HtEIRE, S0 bobv—5407k0
WEHRE MK TS 5,

2. RN, us A — X —DWGRLI O~ -y, a—-LHEEBIFEE T, ¥BLEMHE L
TOOMPBHIE NS,

F IR L OFUEHEE 2RSS D W THHT %, £ 7ETHRZ X 512, WEERET B - v Mz
DEREZBICIE, FL Y b2 T XD ICROEEME R UARL S M FEIRE 5, #
B ERT B DN TERRHRE X B — y HEFUTIA D K D ITE N L. R4 12 y fHOEIEABEIML T v
o a—BHEBIZBWTLHAMNKTSH S, ZOK, AIMREEZ2ZOEE 70y b L72M 8.6 DHKIZ
A THH, £70y NOREEFHIET 2HENHETL 5,

HEIHERZRS KO IET T 2720, HEHEIEE ZHERMCE VTR, BRINICET=E
FANCEPND Z 2205, HERIEE 222 IREHEENZ T 5720, HBER % £ 72 < ThE
PedZew 7oy MZBIU TIEMEQ B EMIZRN, 2 2T, HIHARED T, = 438K, T,5 =239
K AZHBD T WWBRIZ I, IRE N O CHIEER 5E 73 2 algeMEd b 5, MR 15T T L 7ZERIC
ZTORRTREMR NTIEES, ZZT. %WLISGT%DK7D/bfﬁ%@#nT?%T%ﬁ
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8.8: B-T phase diagram of oxygen for the scenario 1 modified from Fig. 8.6. The extrapgtated
anda-B phase boundaries are shown by dotted curves. The temperatuB¥ afe decreased to the
triple points if they go through the boundaries.
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8.9: B-T phase diagram of oxygen for the scenario 2. The extrapoftednda-8 phase boundaries
are shown by dotted curves. The dotted circle indicates the metastable phase boundary.
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. BTEZERM2 > TREKTT 2 EEZEANERY, ERO XS ITREZMHIEL ZMHK %X 8.8
AN I

IARE 2 DL EMHMAREIZ DO WTEIHT 5, M 8.61IZH VT, AEMTRLEZL-y. a—BH
BEFUIIEME SN A< 7 2y FTEBEIL7ZHDTH Y, —&E 31 I)VEE AR TV AR O R
fEiZ LT 500045 (35 ms/ 7us) £ DE VDD, —&EE A IVIETIE, WHFEDORHEIEA R\ 72
DLAT VY AN—=TEHERELBRDZIENEZOSNG, ZOK;, WIGEEMK ETHEERE M %
U7 UTHMERARE RV, TRbb L EREL U CTHERITOREZ R DAL D 5,
-0 FHEBIZBWT L ATV VAL —TDIFIX 50 TIZH k372, HREDOL AT ¥ A — TN
B—vy. a-BHEBTEEZLLTEEILERVL, Iz —5EX a4 VORBATr —LIZBWT,
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8.10: Normalized transmission intensity gfphase
taken from Fig. 5.23. 8.11: Pathes of the measurements

N165 (a) and N170 (b) iB-T plane.

B—y MR EE S L0 £ HL B- BB E 254, K861 7oy MIREMELT 556
TIMLS, TOEFHLEMBRE UTET I LN TES,

it 2 DIGA DM Z M 8.912/7R T, " 2" Tm U MEBIZHELEMEIB T, Ak y L HEL S % fHIs
ZH, 2V ARG ORI A — )V ORET 0 fHAHBIL TW b, 2 OO IR 1L OFER (4
8.8 tI[HkkTH 5,

Rt L Rt 2 DEH SHIEL WA ZIREFT 572012, EOHEHRICEH L TAHSL, BLllE
IZHART, LSRN A R 7 M OVIIE CTlEZE TR E O ZALABINIZ (LS 5728, IR O &
JENE, £ 2T, il I3EE 5 T o 2 HEBINA <7 P VHIE DR R E WS, FHZ y fHE
6 FHIE B AR TEEIREDR K E Wz, I 5 DHEBICEHT %,

[ 8.1012. Tp, JEMHIZ BT 2 EAREEFE B AHD B IEIRE DREGHAFIE 2 /R T, 7272 UiE iR
TR & B/MEDR =T 5 & 5 IHRILINT WS, 40 KLAFOMIEREE, N29 & N170 Tl3hiE
50 L@ e FRERBFEOM GIZEWT, SIWEELEREDOREVPBI ST, —FHT41L8KIZE
FBMIERER, N165 TI3RS LA BEROAIBWTEENBH SN TE D, WM FREFR TRk~
IZEEYGRE AR T AT BRI N T WS, Th e DHER RN B - 0 R IZHET 525D
BODP, TNEH -y HEBIZHRT 25D ROLHHME 25,

3 N16S DHIEFER T, W5 BRI B W TR ITERCRE A T 2 HIER R IL y - M
EBICHRT 2L EX20RHARTH S, Kt 1 LIKH 2 D HFIZEWT, B - 6 MBI — 15
EMHK ETIFIEFEETH D, B— 0 HER PG IE L0 S Yol £ ThrIT TR IZETT 5 Z 21k
HOERR, R-UINEE 41.8 KTHNIE, 100 TREORGEHMT, BEWMREICEVWTE B—y M
B T3 2 AREED D 5, o T, NIBSDOHERERIX BHE vy HOMOMEERE THlHTE 5 &
Ezond, TR 1 2XET 5,

— /i T 8. 10 DHIEFERTIX, W E 100 T £ TOMGHEET B —y MBI 28T 5128 1 h
bod., W ERBETTNCNIET 2 BEERBHII N TVARY, (N29 IZMDFERIZ LA 5 EFEE
ERLTWE72D, TOTHHEDRFIE ) 1 LR U 72.) RIZ B —y MEER A & 72BRITIZth 4 12
y HOEIE NN 5728, N165 DS T RSB ORRIZ, BRI ERERE DRI T 5 Z & A3
FFEnd, TNE—RT2L By HEEPEEZTWARWILZEKRLTED, K2 2XFFT 5,
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U U7RRi s, B IEH < £ TEMERHBROYEHELRIE 2 K$ %728, T OMIRIZEM T
A, I B—y MR E 22 LTH, RN B HIAE - TV B IR EELA & 5 72
O, FWHEREDRINT B Z I, TabE, HERS -TRETVWIICErhb ST, TR
WHHITETWRWAREED D 5, > T, W EABREOEBPABRTH 2 & DEMZIT 056 1%,
N29 & N170iZ8B1F 25 B—y HEEBEZ BEET S Z LIETERL,

REE 1 ARG 2 2 RT3 ETHWHMEIE 22 DH, K 8.10128 W TR AR DWW N165 &
N170 DHIEFERTH 5, N1651F 41.8 K N1701E 38.0KTH Y., Wihe g—y R 2 @HE T
%, ARG 2 DIE LT NIE B — y HEEAR OFIEIZER T E 5720, N165 & N170 D ij 5 D HIE K5 R i
WZEMHERIC K I N, B- 0 HIEBOATHHTEZ2IETTHD, LrLAEMN S, N165DHIE
FEEIIRS TBR T y HOMBERBLTHEY, f—y HERMEEL TV Z 22 RLTWS,
WoT, IR 2 LD IIMKH LD SR EVELTH S LA TE S, NITODHIERER T v HDOIFED
PIZR 520 DIE, HIZE > THE U y HOEIEP /NS WD LRIRT & 5,

N165 DHIEREFIT BN T, il bR TG B ERE AN T 2 Dlcxt U, s T
AR TILER MU TE b, ENHREEHTHSD, TICEL TIE, —FHOBEHREO L S5 7%
WENEZEZOoND, Thbb, —Hy HPHE L%, vy - BHERIEITT ZBRIZ N AT Y HHAR
RNZRH 5 BHOEIEDBINT 2RO EZ SND, ZOEE. KA1 UAELHERIE K b £ EHELIC
L BHEPNILKBRDZEDPYHFTE S, TD7OH, FENREIZZMBIZEATHZ L, HD
HBLZAE - CEGEIZED T2 2 e BNEX 505,

ZZETOHEHMM»OHME NG, N165 & N170 DG —BEMHM EI2 B 1) 2K %2 X 8.1112 %
T N165TIE, Tp, JEfED SWE ZBALAT 5728, 100 TRHET B —y MHEEHI5E T L. 0 MHAHE
THI LRV, LUL2RAS NI70CTIEB—y HH M Z R > 72 £ B—y— 0 ZHRITAD, Bk
\Z B — O MR YERIIZBII S N5, B FRBRICS W TS ZEH a2 @B 282 0 - g HHEER
PEE, TOBYUGEE TR,

a—-BHEBIZBWTE, (Kt 1 &3 21T L CTHBOERZIT O RN EEZD, 2o ZMHE oMz
BAXRAL I E 12 B BESOERIN A R 27 S OVHIEIZ B B3 22 BE B & Wiz, FEERIIZAE R 2 1
TIERTERY, LELAEDS, a- B HEBIZKMER W —XHEETH L Z 05 T
INBEDT, B—y HERBIZHARBE WM TR T T2 Z e ifiE b, €>T. B—y HERE
2 A — L THNE, a—BHERSRECZETT S, UErs, a-BHERCHELTS, 4
B il U 72U S EH AL DD LS ITIRERD PR E 5 Z e B PRE NS,

DED#inE s e, BRI 1 (M 8.8) DHMAREGHNTHLIEEZOND,
MAIBRINR U - EAREBREOMK (K8.7) LR —HLTHEY, BHFENIIFEOMNERE 5
Z5%. y- OMHBRDIREIZ T, o~ 31K E/ONDE, T4bE, BMEGHEBICE T, 8X% 31
K CTHTHEIPHRFE LTI I AFy 7 —[FEEMERE (y-0) PWEES, THRERERIIBTS77
AF v 7 —[EAMEERILE (B — a transition of solid N) @ 36 K [104] & LEHBEWMETH 5, -
T, B2 FHEREGEDO TRV X — 27 —VOBEH» S RTHFENENZ L35,
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AREFFECIIAR S & CEREEE OREY; — A 2 fRIAS 5 7212, 100 T Lok Fics
B EEERIE B & OB SERINA R D IVRIE %2175 72, EARBEOKIREETH 2 a HE LU BH
12 120 TLA RO BHRfEG % FIIN L 72812, BIEE TIZAIS N TWARWHBIARMHEA BT 5 Z L 255
MITIE o7z, RFETIEZ OF B AMHE, BERBEDO 8FHDOMHE LT OMEIERZ LIz U7z, A&
TIXET OMHOMERERE LD, TI oI NIYMHIIOVWTAIREDRwME RS, Kk
KARIZE > THL MR- FE, SBRIEOSPICL TV REMEELBRTRHIOFE O L
T3,

9.1 OMICHFIN M

ET. AWETHEZHDGHKEE X 5N 5 ERBREOMS —IREMHMZ K 9.112R7, 5 —ik
JEETE BI85 0 OB IZ, B>90T. T<31lKThb, a-0. f-0HEKIZVWTNE X
ERE ATV AEMES —RMERTH S, £y b —ItBlT 28RS vy -0 HBEREEX
Ty b E—2bEES ~IKMHERTH L Z BNz, TS 4D0FKHEOTY b -0
M BAERIE, MR O E 12T Dakanh 5. S, ~ Sp < Sp << S, iz,

OMDTY Fa— i o HERARETHD., TIAF Y ZHTH S y HIZHARTHAE WV, yHIC
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9.1: Proposed-T phase diagram of solid oxygen. The data plots are taken from Fig. 8.8.
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BUIHIRERZ Y MO E—PATHEOHHEICERNT S 0o, 0HIZEWTH THEEEIXIEE -
TWa Zeniffiang, THIFMHK ETOMMERMEE UTHET S L 2FET 5 & HARGKS W
WA B, BOFE=FA» S E, BERICHEPAIICONTLETOHHEIRHEMEL, T hoE—%

DD eI NEA, OMHIZBWTH FEEEDERIEL TWS e WS INnE FE L
AQTAN

WIZ, —BE A NVEEHCEZBALIIE? S Bz 0 HOYIMEIZ DWW T b, AR TIE
WIHALD a -0, B— 0 HEEBELBHIEH, WINb ATV Y AR BLORODBBII S 7z,
o T, OHHDEALEIL o B XU BHIZHRTRENWZ D30NS, ZHIXE 2 B TR EFH
AL T HEECHIBEME - X 2 BESHO PHREFFE LR, T4bE, a B LU HIZEWTITRLEE
ATHEOBESNTH B A A N ORBERIZH D, R KRBEMEMHABED D 2 DI U T, 0 HIZB W T
[RGB MR X 0 B K S 2 TEFIAEBIL TV &%Z%Mé 772U, 0 Iz BV TRHAL
PEAFILTWA 0 E Sk, BIEZTIZR/ONTVWARIEEEIL SFEmE R RD Z 21X L W,

WIZ, —BE A IEE AWK RN A X2 F)I/Yﬁﬂmﬁ’b%ﬁlﬁ’L%\ O HOYMEIZONWT R &
D5, WEHE LRI, ATV YAERMED -6, B— 0 HEEEBI S Nz, HIEBOBIZIZ=
T IRIPGERS (T 2R 2 RN ANHI S 5 D L FIRHIC, SR O b Bll s -, =0 7RI
DIEWIE, BALHE CTBI S N2 B 2P SHHTE 2, Thbb, BRED TOAY U ASNBEE
Bz & 0 BHIIC — AR R S N zBE, BESTIEEAC U EERIZT R LI BATEZFKTE R
{725, ZOBE BRI EROZERAD S Z 50 TIRIPGER IZEHNZ 2 5, o T, HIEE ORI
T FRIAHEB L 72 Z 203, A TBll T W boRE Iy ATV M TH B,

—HTEENEREDORIGIZEAL TIE, ERBEORKEMEDLIMITHRLTWE EEZ NS, K
e TRV S NZERESRE o e pHITVWTNEZEERTH S, ol (monoclinic,C2/m) & B
(rhombohedralR3m) 1F\W ¢ s 2 FHiliAT c il 5AICFFE LTH b, BFEROWTIREITRIC B
WEET %, AR P W TR OIAIZT VAL TH O, RFIZBWTEITROREL M4

%, ERROREL I AFHEE LT 2 RERERN L %5, —JiTyH# (cubic,PmBn) D%k
WZBWTIARELDOHEBIZNI W DT WS, Tty ISRk RG22 63 57
boN E%%%ﬂ% FHWTH Y, SAERKFICE T 2RI IR I L 720 L BETE 5, Z0D

W FEMARTR SR D2 A5 ERHT B U B OGIRELIEE 1L, SAHOEFTRO R HMEE R KIS 5, 0 FIiC
bmf%ﬂﬂ#ﬂ%é%étmﬁ%%%?i O FAE AR RIT R, 3725 LIkt MG %
A3T25ZL%2RBLTWS, MEWHFIICELNRESE X, 0 P ARICAEHINSG Z L 25
RIBY 5,

ZETOEMPOWHEIND O HORBAELTIZE LD S,

1. FEEENIEE > TWAETZ Y ba Y —4
2. b E Wi bR % F 9 5 g
3. FHNRRITRE2E T 53 A

#biembmboé%m%ﬁaomfﬁﬁﬁéoifﬁﬂ%tﬁﬁﬁ%n%bf\ﬁﬁaﬁ
HINTVWBDG O BRIk mME IZEH T 5, BARIZIE Na. Foo Cloy Bra, 120 N2O. CO,
CO iU THEI N TV ARG 2w R e LT [104—1091 Jbb 277 vFNT =LA
NEELEEDE L TWEaFHRMETH O, ERBRROKEMEE2EH TS5 LCRVWIRNR L S
25, 121U, EEERTHETREL T\ 50 (monatomic metallic state of iodineFm3m[108])
PRI —{LLTWBH D (polymeric nitrogen [11Q] polymeric carbon monoxide and dioxide [105]
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9.2: Pa3 cubic structure.

o

9.3: Phase diagram of diatomic molecular solid as a function
of d/o-andq [111].

BEBLR, Zhs0RFHEREROP T AL U THE TN TV SH#EIEL Pa3 (e-Na. N0,
COy). P2:3 (a-CO). PmBn (5-Np. B-Fo) @ 3FFLH2\, 72720, P23 & Pa3 I3FEH U
ETH Y. CO DT IR FRE AN 72 D IARN RO ZEIREZ B L TWb, £72, PnBn IXFEKIR
Fy HOMEETH Y, DFEEOHEELRD 2720, 0 HOMBEREDHEME L THEZDHEDN
W, o T, Mo FHEREF OGS 0 O EEDBEME LTHEIF SN2 DIk, Pa3DAT
»Hb,

[ 9.21z Pa3 DffEE 2 R, Z OREEEIZRGEFIZBWT, N2 (0K< T <36 K), N,O (0
K< T <182K). CO, (0K< T <217 K), CO (P2:3,0K< T <62 K) 2VR{f&EfihE TH 5 [104],
WENSEREE T T2 Z e h 5. ZOMEEEN S ARSI W TARENIZZERIETH
L5ZENAZB, HEo T, MEHKIEMTH 5 0 HOKESEEDEM L L THE L S 2 5,

EREKIZEZ T, PaB X7 7 v T T — )V AMEAEH & BLAMEMBAAHEIEHO —D0BlE» 5 H
MRS TH 5, PIRIE. PBOEY A MEHRRD FTESHMZ % L REAEMETH 272
NI FREOND Z D05, REMEIZT 7TV T — IV AMBEERIC X 2 LEfbT 3L ¥—
EERAICT 720, Pa3 3% < OEMD T tofﬁﬁﬁnv#/yﬁLtté % 7= PaB I3/l
By FRIOEEER & B (4 7o & i) 22D 252> TH v, EVUEM M E/EHO#
Mo b LZERIEGINETH 5,

22T, X933 ICEMRNTOMLNE (d/o) CHWEMTFE—AY b (q) 237X =X & UREE
FEEAEE BT 2 A E TOVEME O R 2R T [111,112] ZOETNEE T X Y NV RD 53+
Rz ME L, HTHE#z d. JKTEoN—Ra7¥R% o L U, oo+ BRRT& LT d/o
ZEALTWS (M 9305, /> T, d/o=03F%R2THRROS T, dlo PREVIFE—
BB M I NZEMRD FITHIELTWD, Pa3 3 RO TRAEMEIZNIELTWE Z &
bhb, £, BLXNEHFE— R FHKE L, BRBIZIEWD FI1F Y PaB W& M £ 1 2 i
FITRRZEKE — B L TW5E, BENTDHE d/o =0.397. q=-0.39/102%esu crm & H 4y
TN 111, ZOEFIVEEDS X Pa3 (cubic). P6m2 (hexagonal. R3m (trigonal,3-O,) AN
DfEEE L 725, fEo T, TRBLUED S B FHRBEIL Pa3 DR RMEZ D 5% Z 2205
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9.4: Schematic difinition of the molecular alignments [22].

I Pa3 DREIZ DWT, BOEED TREIFI OB S SHMLRDER 2175, PABIZBEWVWT 20D
RS TR 1T &, HTREoN#ERY bk, HlRiEe=1/V2(110)TEHTE S, ZDH,
CODOHFORALMIFENETN, n=1/V3QA11) R=1/V3(1-11)TH3, ~HFHDOIF X
MU 94D K51z, MR ML E R TDRTH (Oa Op). WHEN T MIVICEEREICIERNF L
DN T O (¢) ZHVWTED NS, %k L7z Pa3 OFGEEESD 7M1 (0a 6, ¢) = (35.26,
90°,54.67) TEHI NS, ZHIFXEIFA MY & THIF A MY OFRIZHIGLTWS, BEE
TIZH SN T WS ERER AL, 2 ThaaEns Thds 2 H M/jXFU@%m%L%ﬁbTV
HRYAA MY I®REZES FRIOEZ DD ZHEKRET 20 FESITHEZ eh o, HAHIZ

?5&%&@@%iﬁ@l%@iﬁt%Af%<EOTmébt#%ﬁé%éokkb\;®ﬁ
VA A NVICB I B R B EAEREE I Ot RIS IR S hTE 597 [26,27,29,113,114]

ERIIZEDOREFH AP RPTH S, WTFNIZE L, HILEROBA,»S R TH Pa3id 6 D
EEEEE L THEAE VR S,

DA ED#EERD S, AWK TIE 0 HOMREE L UT Pa3 2% T %, Pa3 3% < DEMDFIZE -
TERLEEETH ., ERBE O HOEBRERE FERLFMTELLERSNS, 727 L, Pa3
WEHL EFTHENRBEMETH D, MG ZFEHT 5 72012135 % O CERIIZHEE T 2 BB H

%, BARBIZIE, @RS & A X iz A G b MG BnE A o b, LrLgrs, 2
D & 5 BRMPEIIHGF T 2EBMER TIEIAAETH L., SBROBAMBRIZHHET 2 Lrnwn,

BRIz, HEREIROBUE2 OB O HOMREMEEZRET LI LR L W L 2dR5, Thiddk
® LDA (Local Density Approximation F1% TIX 3L EIREE L 2 EL 0 $k 2 37, filiERER oM EAEH T
HBT7VTFNT=IVANERY AND Z EDPFEBIICRTRER 72O TH S [115), TD7=H, H—
JREEIE CIE 0 HHOFE MG X B A2, YOllE CTRLED o MO G 5 EMICHERT S 2 &
FTERY, 77 VYT NT =V ARERITNT 58— HEEH R OREMIX SRR Licd v [116,117] 5
BOFEUEE TIXERBREOFMHEEEZHE L CRETED LS 1THRE0H LR,
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9.2 AMEDFEHEEE
AN SHESMIR =T &

AR SR 0 FHDFE RSN, AR TIZEAT D Z DS 78 - 7z,

BB OIS ERBEBICS TP ERTY Y 2O RDHTE

a—0, B-O0HEBIZBWVWTL ATV Y AT ADMENRBHTERVWI ERHL MR-z, ZD
LAT VY AUANFKT, § OHBRIIRE ERAEZ 572012, BALHRRRERINA R b Las
BEGEDINETE — B L T, 2o —HUARWEIKNE UTH#ZEMPEEL TW 2 alfels b -
M, CATY VAR AL LB RBDBEN SR THFERLHHTE R, FLLATY Y AT ADK
X, FNTNOHALHIRO e ATV YV AN =T OB, S ERMICABEE 2 Z e BN TE,
THUTHBEL T, FEARBEDSIMCBBEHATE S, —&E 3/ ViELllaAGbELZLATY VAR A
DHETFEZBFE L, ZOFETIE, —BE A INVECEIWISREN us T — X —TH 57201
WrEGERE I Rt s Z e b, iWRMAREA 2 K & 1 SIS R AE E S O BRI ZGUERRE B 2 b L 72
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B.2: ¢ as a function of temperature. The inset shows the enlarged
view for condensed phases.
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B.3: ¢ as a function of magnetic fields. Black ¥ B-4: Ae/e taken from Fig. B.3. Blue
dotted curve shows the typically-obtained result,

A6 /e = —1.8x 10°°B2.

and red curves correspond to the result8af E
andB || E, respectively.
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