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Abstract

Diffraction studies of magnetic materials subjected to extreme conditions are illustrated with observations made by
non-resonant X-ray diffraction, using beam-line BL19L XU at SPring-8, on materials held in high magnetic fields and
low temperatures. The first observation is that of a giant magneto-volume effect in solid oxygen. From this finding, we
confirm that magnetic interactions between oxygen molecules are a vital ingredient in determining the crystal structure.
A second example is the determination of the high-field phase of a spin-Peierls system CuGeO,. The X-ray diffraction
pattern was measured in a magnetic field, H, up to 15 T. We find that the temperature dependence of the
incommensurate peak is quite different at lower H from that at higher H, which is interpreted as stabilization of the
incommensurate state by suppression of thermal fluctuations that is brought about by application of a magnetic field.
The third example entails diffraction measurements on a sample held at a very low temperature. We observed ajumpin
the lattice constant of the ladder-like compound Cu,(CsH;,N,),Cl, at about 40 mK associated with the field-induced
magnetic ordering from the non-magnetic spin-liquid state. Thisisthe first experimenta confirmation of the theoretical

prediction on the generalized spin-Peierls phenomenon in quantum magnets. Finaly, future prospects are given.

10g0goo
ooooooooboboooooboobgooeod
goboboooobobooobbooobobobooon
goboboooobobooobbooobobobooon
goboboooobobooobbooobobobooon
goboboooobobooobbooobobobooon
gogobooooobobooobboooobobooon
gogobooooobobooobboooobobooon
gogobooooobobooobboooobobooon
gogboboooobobbooobbboooobobooon
gooo
gooboooooooobobooobbooon
gogoboooobobobooobbbooooboobooon
gooboooobobobooobboooobobooon
gobooobobooobooobobooobooobooon
gooboooobobobooobboooobobooon
gooboooobobobooobboooobobooon
gooboooobobobooobboooobobooon
gooooooboboboboboooooooooooo
goooooooobobobobobokoboboobn
gooboooobobobooobboooobobooon

346 SPring-8 Information Vol.10 No.5 SEPTEMBER 2005

goooooobooboooogooooobobon
gbobooboobobooboboooobon
gbobooboobobooboboooobon
go

gboooooboboboobobobooobo
gbobooobooboboobooboooobon
goobgooooooo

2000000
gooooobobooooogoooooboon
000000000000 000BL19LXUEEO
gbobooobobobooobooboooobon
gbooobooboooboobOobOOJASRIDOD
gbobooobobooobobooz2001040000
gbobooobobobooobooboooobon
gooboboooooooobboz2rmgonon
0oo0Pooo0o0000000oooooooon
oobood=rkevdOooooono
gooooobobobooobobobooobo
gboboooboboboooboboooobon
gboboooboboboooboboooobon



01 BLIOLXuO4O00OO0OOOOOOOOOOOCOOO
coooooooon

goooooboboooboboboooboboon
goooooboboooboboboooboboon
goiommOO0O0O0O0O0000O0O0O0O0O0O0OO
gobobooobobooisgbboooboboooon
gogbobooobobooobbooobbooon
goooooboobbobbobioooogooooaoao
gbobogoownobogooooobooobooobb
goobobobooooo0iboooooooooon
goboboobooboboboobobobbobn
goboogo

00000000030 kevOOODOOODODO
gobobooobbooobbooobbooon
gobobooobbooobbooobbooon
gooooboooboobozmmibooobogon
gobDO0o0oo0ooooooobobow3soooooo
gobobooobbooobbooobbooon
MnF,O00000001 mmO0OO0O00O0000O0
gobobooobboooboboooobo

300000000000O0OooOgbs0

gooboooobooobobo13nooon
goobooooobogo2s0o0ooooooon
gobobooobobooobbooobbooon
00000000 boOoobobboOoOonboDb24900
gobobooobobooobbooobbooon
gogobooobobooobooobbo™obooo
gobobooobobooobbooobbooon
gbooboooboboooboobobooboboon
gbooog

02 OD00OO0OO0OoOooOooooboocooboooo

O0000Db0O0ob0OO0OOO0ONaCIDDOODOO
goooboobobooobobobooobooboo
goooooboomoboobgooobooobooDog
ggobobooobobooobbooobbooo
ggobobooobobooobbooobbooo
gogoobooboooboboomooooobobooooo
ggobobooobobooobbooobbooo
ggobobooobobooobbooobbooo
gooo

goisbogoogooozronbogoooonoon
O0%adDObODOOODODOOODOOOODOOO
gobopoogs3slooogunosdroooooonog
gboooooobboogrsgbooooobog
gs54080 0 0034540 00000000000
00o00pgoob0o0dbD0OacDODOpBOOOO
gooooooorsgooooooboobbioo
gogobobooobobooobbooobobooo
goooooboobopbooo40booonooO
gogobobooobobooobbooobobooo
gogobobooobobooobobooobbooo
goboboooooooon

ggbobooobobooobobooobbooo
gogobobooobobooobobooobbooo
gogobobooobobooobobooobbooo
go00OdooOONeClOODOODDODODDOOD
gogobobooobobooobobooobbooo
gbooobooboboooboobobooooobon
gbooobooboboooboobobooooobon
gbooobooboboooboobobooooobon

SPring-8 0 0 0 0 O 020050 000 347

ooononnnH——-—



FROM LATEST RESEARCH

5410 : ; : : T
5405 - % i
5400 $ ]
5390 |- % % i

5385 - % (a) .

a(A)

5380 1 I 1

Magnetic Field (T)

3455 ; . . T
3450 [ -
3445 |- % % g

3440 ) b
b

biA)

3435 |- $ 4
(b}
3430 ¢ -

3.425 L L L L
0 2 4 6 8

Magnetic Field (T}

gobobooooooooobooooooooon

gogboboooobobbooobbbooobbobooon
gogboboooobobbooobbbooobbobooon
gogboboooobobbooobbbooobbobooon
gboooboboboobobobooobobanoo

4A00000000000000005948

goboboobobobooobobboobobboon
goboboooobobobooobbbooobbboon
gogboboooobobobooobboooobbooon
gogboboooobobobooobboooobbooon
gogboboooobobobooobboooobbooon
goooobobobobbbbooooooooooo
gogoboooobobobooobbooobobooon
gogoboooobobobooobbooobobooon
gooooon

M(IC
h (IC) U
=
% HC ( TMJ' HM )
5
=
D(C)
Ts
Temperature

04 0O0O0OO0OO0OOOOOOODOOOO0ODOCOO

348 SPring-8 Information Vol.10 No.5 SEPTEMBER 2005

goboudbooooopDcmooooogmictd
goboboooboboooobbooobbooon
odooodoboTgpdooooooooodaoon
goboboooboboooobbooobobooon
goboboooboboooobbooobobooon
goboboooboboooobbooobobooon
goboobooobooobooboobooboon
gobooboooobooobooobooboboobo

oooooOooooooo0obooOnoCuGeog
goboboooboboooobbooobbooon
gbooboobobobooboboboobobo
HOOOO1200000000000bOO0O0boOog
noggoooooooooooobobooooboo
goboboooboboooobbooobobooon
gbogbobobobobobobobobon

-

———
. (21/231/2)
| ® (21/233/2) |

Dol

Incommensurability (r.l.u.)

0.005 o g

[ »
0.000 L=Tg

g5 booobobooobboooboboobobbooo
CuGeO;00000O0O0000000O0DODODO



50000000000000000DO000O00ObsSe
00o00000Do0o0o0oooDoooooo
00000o0ooo00ooooooooooooo
00000ooooo0oooooooooooooo
00000ooooo0oooooooooooooo
00000ooooo0oooooooooooooo
00000ooooo0oooooooooooooo
00000Mmoooooooooooooooog
000000000000 000O0000000O00
HOOOOOOOOOOOoOoODOoODODODOoODODDOO
00000ooooo0oooooooooooooo
Ocu00000000MHOOOO0O0O0DOO
oooooooo
000000000000 Cull CgHy,N,LGCI,O
00000ooooo0oooooooooooooo
000000 M. Hagiwara et al: Phys. Rev. B 62,
1051020000 0 00 0000DO0DOO0O00ODO0O0O

Magnetic field (T)

H// [101]

6 1 | 1 1
0.0 0.2 0.4 0.6 0.8 Lo

Temperature (K)

06 00000CuyCsH,N,),ClL,O00D00000

Aa/a
w

® Field up
Field down

0 2 4 6 8 10 12 14
Magnetic Field (T)

07 0000D0Cuy(CgHpN,),ClL,0 00000000
000000

gooobooboooboobobooobobooon
gbgoboooboobobooobooobooboo
ggobobooobobuooobboooboboon
ggobobooobobuooobboooboboon
gobooboogooobooboboooboon
ugbgboobobooboboobooboboaon
30000000 opoooooooobbobooo
ggbooooooogad

e0ogn
gogbobooobobooobbooobboon
ggobobooobbuooobbooobboon
ggobobooobbuooobbooobboon
goboobooooboooboobobooo4oon
gogoboboooboboobobboooobboon
gogoboboooboboobobboooobboon
gogoboboooboboobobboooobboon
gogobobooobobooobboooboboon
gogbobooooboboobobooobobood
gobobooobobooobobooobboon
gooooobobobobobobisoooooooon
gogobobooobobooobboooboboon
gogobobooobobooobboooboboon
ggobmoobooboobobooobobooooo
gogobobooobobooobboooboboon
ggobobooobobooobbooobboon
ggobobooobobooobbooobboon
goooooon
gogbobooobobooobobooobboon
gogobboooobobooobboooobboon
gogobboooobobooobboooobboon
gogobboooobobooobboooobboon
gogoboboooobooobboooooboboon
gogoboboooobooobboooooboboon
gogoboboooobooobboooooboboon
gobooboobooboooooboooboobo
gogoboboooobooobboooooboboon
gogoboboooobooobboooooboboon
gogoboboooobooobboooooboboon
gobooo0oboooboooooOobobcCcuAgO O
ooobooooboboboooboboboooboo
goooooboobobobooooooooooooo
gogobbooobobooobobooooobobooon
ggobobooobobooobbooooboboon
goboobooboobboooboooboobo

SPring-8 0 0 0 0 0020050 000349

ooononnnH——-—



FROM LATEST RESEARCH

08 OD00O0OO0ODOOOO0OO0OOooOon

oooooobOoboobooobobobooobo42
goboboooobobooobbooobobobooon
goooboobgooisobooo4200noooon
»Bogooooooooooo
gobobooooooooobbooobbooon
gooooboboobobbooboooooooooooo
gooooboboobobbooboooooooooooo
gogobooooobobooobboooobobooon
gooooboboobobbooboooooooooooo
gogoboooobobobooobbbooooboobooon
gogoboooobobobooobbbooooboobooon
gogoboooobobobooobbbooooboobooon

50

40

30

20

B(T)

10

T[ITTT[TITT[ITTT [T TT

-1.0 0.0 1.0 2.0 3.0 40 50 6.0 7.0

Time (msec)

09 ODO0OODbOOobOooOoooobooooon

350 SPring-8 Information Vol.10 No.5 SEPTEMBER 2005

gbobooobobobooobooboooboobon
ubmuogooooobbooobbaoaoboog

goooosocbgoooooboogoooobo
ggbobooobboooobboooboboaon
ugoo

ooo
gobooooobooooooboooooooo
oobooobooobooobooo
C. BerthierODOUODOOUODOOODODOOODOO
goOoooooooooOouoboboOoobbooboo
O00000o00ob0Oobooooogyd E. Lorenzod
S W. LoveseyO O OO O OOODOOOH. Mayaffred
oO00O0O0o0o0ooooobooooooboobbooOoo
O. PiovesanaOD O OO OOU. StaubO DO ODOOO
oO00O0O0o0o0ooooobooooooboobbooOoo
ooood

goog

0 10 M. Yabashi, T. Mochizuki, H. Yamazaki, S. Goto,
H. Ohashi, K. Takeshita, T. Ohata, T. Matsushita,
K. Tamasaku, Y. Tanaka and T. Ishikawa : Nucl.
Instrum. Methods, A467-468 (2001) 678.

020 T. Hara, M. Yabashi, T. Tanaka, T. Bizen, S. Goto,
X. M. Maréchal, T. Seike, K. Tamasaku, T. Ishikawa
and H. Kitamura: Rev. Sci. Instrum. 73 (2002) 1125.

0 30 K. Katsumata, S. Kimura, U. Staub, Y. Narumi, Y.
Tanaka, S. Shimomura, T. Nakamura, S. W.
Lovesey, T. Ishikawa and H. Kitamura : J. Phys.:
Condens. Matter 17 (2005) L235.

040 Y. Narumi, K. Katsumata, Y. Tabata, S. Kimura, Y.
Tanaka, T. Nakamura, S. Shimomura, M. Matsuda, |.
Harada, Y. Nishiyama, T. Ishikawa, H. Kitamura, T.
Hara, T. Tanaka, K. Tamasaku, M. Yabashi, S. Goto,
H. Ohashi, K. Takeshita, T. Ohata, T. Matsushita and
T. Bizen: J. Phys. Soc. Japan 73 (2004) 2650.

0 50 J. E. Lorenzo, K. Katsumata, Y. Narumi, S. Shimomura,
Y. Tanaka, M. Hagiwara, H. Mayaffre, C. Berthier,
O. Piovesana, T. Ishikawa and H. Kitamura, Phys.
Rev. B 69 (2004) 220409(R).

O00000KATSUMATA Koichi
oooooOoooooooooo

0679-5148 O0OO0OOOOOOOOOL-11
TELO 0791-58-2916 FAX0O 0791-58-2923
e-maill] katumata@postman.riken.go.jp






