gun oogdggoo

ooooo
00000000 UNiAROOO0O00ODOO0O0 oobooooobo,bbo00,00 ooog 3
gboooobooooooobobooooboobobooonb oobobooobooobboobo boboo1z
oobooobboooboob booooooooobooboboboooooooono boboo2a

gooood
oooooooooboboooooooooooobooboooooooobobobobooogoezs

gobogo
goooooooooooooo ooooboobooboboo0ooooooo oo bobobob3o

ogog
gbooooboooboooboobboooboobboobobooboooboon 0oOb3e

goboooobooobooobooobboooboobboobooobbooboobbooobooos3s

ugooooogo
ooooobobobooboobooooooooooobobbobbboboboo0oo0o0oooononose
uoboobboobooobboooboobbooboobbooboooobooboouoboar
goooooooobooboooooooooboboobooobooooooobobobboobooooo4s
goboggo ooooooo, oogooobobbboboooooooooooboobbe

gooooobooooboooobooobooobooboboooboobobooobooboboooboost

goboooboooboobbooboobbooboobbooobooboobobooboOons2



Low Temperature and Materias Sciences (Kyoto University)

Number 3, February 2004
Table of Contents

Research Reports

Spin-Triplet Superconductivity in Heavy-Fermion UNibAl3 ------------ K. Ishida, Y. Kitaoka, N. K. Sato--- 3
New Generation of Geometrically Frustrated Spin Systems Hiroshi Kageyama--- 12
Magnetic Refrigeration and Giant Magnetocaloric Effect Hirofumi Wada---21

Featuring Article
User Laboratories and Apparatus of LTM Center 28

Technical Note
The Low Temperature Physical Property Measurement under the Uniaxial Strain --Mitsuhiko Maesato--- 30

Salon
Stay at Nationa High Magnetic Field Laboratory in Tallahassee, Horida --------------- Satoru Nakatsuji--- 36

LTM Center Seminars 38

From Organizing Committee

Safety Classfor Cryogenic Liquids and Hight-Pressure Gases 46
Liquid-Nitrogen Supply System at Katsura Campus 47
Uji Open Campus 48
Amounts of Cryogens Consumption] Yoshida Campusand Uji Campus 49
Call for Manuscripts 51
Editors Note 52




gdoobn

DO0000000 UNLALOOOOOOOOoo
Spin-Triplet Superconductivity in Heavy-Fermion UNi,Al;

Dooo'Y oooo?4 oooo®
'Dooooo0O000000,’000000000000000
‘DooooOooooooon
K. Ishidal, Y. Kitaoke?, N. K. Sato®,

Graduate School of Science, Kyoto University, Graduate School of Engineering Science, Osaka
University, *Graduate School of Science Nagoya University.

1. 0004
gboboobobobboboubouoboobobooboo.gbooboobobbobogan
BCsOUOO, bDOOOOOoOOoOoooooobobOoOD 20000000DOO0O0O0000000O00O00ODO
ogoooobooogoob, ogobboo-0coobbooooooobooooooboobooogoon. BCs
ogogoooobboboooooogz2b00goooooobooboo:sonobb, oooooon so
goooOoOoDOoODOODODOOOO. ooooogg@)ooooooooboobooboboooooo
0000000, 00000000000000ODOO00 pO0dOO0OOOODODOOOOOOOOD
O0.00000000D0ODO0O0O00O0Ow 00 PWAnNndeson and PMord 0O 0O 0O([2], 65 00O
WKohnand JM.Luttinger OO OO Q000000 ODOO. 00000000 ODOOOOO0OOoCoDOD
O000,720000 °Hel p0 000000000000 OO4],790000000*0000([5],
el UOOODODOOOOOUOoooOoObL. 0bbooooobobobdooooooDoboOooooo
ud,gbbouboogobd sgboooboobboobooobooboobboobogo
ut, bgubogboobobooobobobo. booboooobobobobooboaoboaboaon
guboobobooboobbooboabod
ogoooooooooo, coooooooon

0000000000000O0O0O0OOO0oOO & o 0 o -
00.000000000000,000000 0 .2
000000200000000:5100000 ﬂb O 1ﬂﬂ lo
0000000000000.00000000 - nu: o ﬂb
000’89 00000000000 UPLOODOO -5 p—
00000[7. 000000, 000000 20 —= 0 o - F
0000000000 ABCOOOOOOOOCO

0000000, 00000000 HeODOOO U @ N @Al

gboooboooobooboooobob. bo
040000 ed.00000O00OO0CODOO

O LUNLALOOODOO.UPGALOONIOOO
OpPOOOCOODODDOO.



00000000 S,RuO,0[80000000000000000000000000000(91,
00000000000000000000000000000000, 000000000000
000000000000000000000.

000000000000000000,0000000000000000000000000
000, 0000000000000000000(@DO)00000,0000000000, 000
000000000D0D0D0D0OD0OO0ODOD. 0O0(K.)00000000000000000000040,
00000000000 000O0ONMROOOOOOODOOOOOOOOO0OOOOO. OO
Hebd-Sicher 00 0000000000000 AIDOOO0O0OO,BCSOOOOOOOOOOOODO
000[12).

00, 000000000000 UNi,ALOOOOO0000000000000000, 0000
000000000000000[13). 000 UNi,ALO, 000 UP, SpRu0,000 3000000
00000000000000000000.0000000000,0000000000000
0000000000000000000000000000000. 0000000000
UNiAlsO UPALOOOOOOOOOOO, 0000000000000 00000000000OO
ooooog.

2. UMAL, (M OPd, Ni) 0000

‘10000D Gebd e dJOOOODDOOO UMAIg 00 4 ———

(M=Pd and N)O 0000000 00000000000 Bl i 5 &
0000[1415. 0 1000000, 00000 UPLOO =2 el i i
i =

0000000000000 00 MOO(M=Pd and Ni) = 40 fﬁﬁwm¢
0000000000000000@) 00000000 o

. ﬂ:ﬁ
000000c000000000000.UPGLAID Ty= 200 ) e

. & _|'.
145K0000000000000, 000 T,=2KO0O 100 AR
00000.00000 U-AdO00000000000 ) T B O T L

a 2 &L & B 10 12 % 16 18

00(~085)00000000,c00000000(0 S

O0000)ODOOODADOOd (ordering wave vector Q =

(00,/2)[16]. DO DO OO, UNi,AlsOd Ty=46K 0, ab00 0 2 UPdAL 000D D0, Th=145K
Oo0o0D0Do0Do0O0O@EWOOoOoooooooE@ = 0000000,T=KO0O0O0O0000
(1/241,0,1/2), t=0.11)[17], T.~1K OO0 D00 DOO. 000000000000000. O

UDOOO0OO0ODO0O0OO0OO00,0000,000000 Opeoooo.
000D00D0000000,Uud2~-300 500 G300
0.5 00000000000000000, " 00007"0000000000000000000
ODcrossove 0000, 000000000000 00D00O0"000000. 00000000
O00000000000000. 0000000000 00000000"00000000
(@200).

000000000000000000000000, UPALOOOODOOODOO0O000000
00000000.0000 UPALOOOODOOOOO0D00000@O00000)0ooooon
0000, 000000d0000000000000[19). 00000 UNibLALOODOOO0OO0000
00, 00000000000000000000000000000, 0000000 UPdAI; O

4



00000000 0ODO00OMHxLODOOOOOobDOD
O0[20]. UPdLALLO O HL,OOODODO, OODOO0O0O0O0o0oOOn
OoDoO0O00oOooooDoOO, UNiALD He,OOOOoooo
U, gbouboabooboobobouboboaban
oOo,00000000D00b0b00bO0o00O0DI2y.
UNiL A OOOOoOOoOoooooooooooooobooDDo
ooooooog.

3.00000000000000
00000000000000000, 00000000
0000000000000.0000000000000
00000@)000000000.00000NMROO
0,0000000000000000000000000.
000000000000000000,0000-000
O0@WT)OO0O0O0,0000000000000000
00000000000000000. 000000000
0000000000000000O0O0O0OOOOoooOnO
00, 000000000000000000000000
0D000.000000000,000000000000
00000000000000000000, 000000
00000000000000000000OO0oooono
00000000000000000000OO0oooono
0000000, o000f000000000, 00000
00000000000000000000.000000
00000, 000000000000000000000
0000000000000000000000000 T
00000000.s00d00000000, 000000

gobogoboubooobouoboooboaooon.

0000, T.000000000000000000000
00000000000x(MOIOO00, 000000%(N0

%s(T) = —4n [ Ns( E)[;—deE

€y

O0D0.sO0ODOy O T, 000000DDOOOO0d. (O 3

00)00,d00000000 N{E~EO0OyO000T

000000000. 000000000000 AlisO) O
0000000000 (d0)00000000[22. 000
00000000000000000000, 000000
00000000000000 ChReO,0000OCOOCO
T.0O0 Co-NMRODODOOOOOOOO@OO0O0O00)DO00

&

(b)

tripel 'I"r
| s :’r.-"l
K.t oy
l A0

A
Iy

.I'|1:.-\. cimiglel ﬁ.l.
'

T/Tc

0 3:00000000000000
000000000000000O.
Ke KwdO0OODODOOODOOOOO
00oooooO

Cd = MMR Specira ( arb. uni §

0 4s00000000.00000
0000 CdReO, 0000@T. 00
(00)0 00 (7omK)D C-NMR O OO
00O 00000000000,



000000000000.(04@00)04h)000000000000000000000. 00
00000000000000000000000000000A0.

O0,p00000,00000000000000000000000000O000O00DO000.
00000000000000000000000, 000000000000000000000
0000000000000000000000000000000000000. 0000000
000000D00000000000, 00000000@™moodWiooo)ooooooo,
000000y0000000000000.(@ 300) 0000000000, 000000000
000000000000000D0000000000000000. 0000000000, 00
00000000000, 000000000y 0000000, 0000000000y 0000
0.00000,0000000000000000000,00000000000000000
00000000000ooooo.

00000000000, 00000000000000000000, 0000 HOOoooo0o
000000000000000000000000000000. 00000000000000
000000000, 00000000, A0000.000,NMROOOOOODOOO, 00000
0000000.H=10kCeD 0D OO DO0DOOOO,d~500A, DOOO0O, A~ 01000A, 00O
0000,&=010~ 0 100A00000,8<d<A 00000D. 000000D00000D0OO
00000,00 (Hg 000000000 (H) 0000000000 NMROOOOODOODOOO
000.00000,6 0000000000000D000000O00O0O000O0000, 000000
00000000000000000,¢E/d?’«1 00000NMROOOO, 0000000000
0000000000000000000000000000000000000. 0000000
00000, 00000000000000000D00000000000000.

4. Ni,AlbLOO0O0000000000000 [13]

000 UNLALOOOOOOOOOOOOoooo ¥ - !
000o0O00bO0oDoOOoooOOooOoooarqg. oo = m:h"M" W
i | H=Zd4koe i
gootooobootoboooooooobooooon o .;-_-,D':' '
L ¥ il
O.000,000000d¢d d.00000000O00 .:.;..;:.CI':' . :
0000000021, O00@O, 000 ab 00O . ' -
2. o0 O R T
oofoooooooooooooooooo. oa - ﬂﬁauﬂﬂﬂ: o :—
00000 H~25k0Oe OOO~5k0e OD0OO0O, O 6555'39 : .
M= 2.7 hD ! Lhy -
Oo00oooooooooooooooooooa L = . 1
mO0000000ooooo0. 00000oooo L .;ﬂm%ﬂﬂﬂ%ﬂﬂﬂépgmﬂﬂa{
NMROOOOOOOOOOOOOOOO, 0 600 1 i
1 02F H=Zd4if kOn
0000 H~25kOed~5kCe0 000 T.OOOO o
oo :
gooooooobooooooooooooon. L L2 L

TIK]
ODO0O0O0DO0OD0 UPLAI;OO, 0000~

013 %0 0000000 O0O00000, 0000 g 5 UNiAlO~250e00@I000000
N0000000000000(28. 000000 0p, T He0 00 112k0e0 00000
0000, 00000000000%=150ml/mle [ Q@oooO00O0000000.
K2JODO00000D0000000000000

6



0D.0000000000D00000,
vn=150mJ/ moleK?’00 0000000
OO0ys~1.6x10° (emu/ mol) DOODO
00.0000000000000,Ks=
(Hut / Na pg) s 000000, 00O
Hx O, 00000000000000,
NAOOOOODOOOOO. 000000
0 Al 0 Hys=35kOe/ps 00000 K
0013%00000000000000
00000000, 000000000 278 riﬂﬂmi? T
(=xs/y)~100000.UNi,ALD OO0
000000000, T.00Oy, = 140
mJ/ mole K20 Hys = 4.2kOe/ ps0 0 0 O
00,Ks~016%0000000. 0 60
Ks~016%0 000000000000
O0000.000000000000
O00000000000000. 0000000000000000 UPKLALOOOOODOOOO
000, 00000000000000. 00000000000000000000000000
O00000000000000000000000. 00000000000000000000
000000000000000000000000000000000d.
D00000O0(ED00)00000000000000000000,T\W00000000000d
0000000000000, 00000000000000.Al0000000, 0000000
D00000000000000000000000000. 00000, 0000000000
D00000000000000000000000,UNL,ALO0000000000000000
DaO0000000D0O0ODOO.
D0000000000,AlD000000000NQROOONNOONNDNOONNDOO YTy ~TO
OD000000000000[24. 000000000000, UPLALOOODOOOO0O00000
OD0O000. 000 UPAIO UNP,AOODO0000000000000000000000000
DoooO0oooooood.

KR Intansily | &b unis |

0 6 UNi,Al,OO A-NMROOOODOO0O0O000@@ ~25
kOe (b) ~49kOe 0000 O0O00O0OCOOODOOOO0O
0,00000000000000000000000
(0Ooo)

5. UNi,Al,O UPd,ALO 00000000 00000000
UMAlI, (M=Pdand N)O D 00000000000, 000000000000000 NMROO
0000000000, 0000000000000000000000000000000000
000000000000003000000000000000000000000O000¢0.
1T, 0000000000000, 00000000000000000000, 000000
00000000000000. 000, 00000000000000000000000000
00000000000000000. 070 UPhALLD UNiLALOOOO YT,0000000000
[25]. UP,Al; 00, 0000000000000 0000000000000000, 000000
D0000ADODDOOOODOOO,RWO0OODODOO0O0O00000000000000000000
00000000 ,T=0000000000000.00000 UNLALOOOOOOOO0O000

7



00000000000, 15K 0000 T, 00000000000000000000000

(SCR O0O*0000000000)I0000000. 00 UPkALODOOOOOOOOOOOO,

08540 SF00000000000000000000

000000000, UNbALD 0200000, 000 " 1

0000 UNLALD 5f000000000000000 r hfﬂ"ﬁg
-I:Id

oo. | | ¢
000000000000000000000000 : QR&F ¥
00[2627). UPbALD D0 0000000000000 §". gf }
0000000000, 00000000000000 e uﬁ)/f
N000000000000000000000000

ubooobooboobooobooboobooboo. oo

000000000000, 000000000000 el or
000000 (magnetic excitonDJ DO OD0O0 dO0OO0 | R -5
00000000000 0[28. 00, UNiAls 00, B J ! ]
UPdAI, 000000000000000000000 T

0,000&80000000000000000000
000[29. 000, UPLALDDD0D000 500000,
000000000 500000000000 sfog 00 UNRALDODDOO00000
0000000 0000000 0oopogpn DHOO0OECROOHODOO fitng
00,UNbALDO000000005000000000  ReM2I0000
N0000000000.00,T.000000000

000 50000000000000000000000. 0000000000000 Ce000
00,0000d00000000000.Ce000 Ce4000000000000000000
00. 000000000000 UPLALOD, T.000000000 5000 CeD0O0 500
000000, UNbALODOOOOOO0 UP,O0000000 550000000000000000
0000000000000. 0000000000 5 0000"00000000000000
noooooo.

00 UNbALDODOD0000000,T.00000000000000000000000000
0.080000cO0DDDDDDDODDD UTi[(UT)a], NQROD OO OO OD UTy[(UTy)ngr]D O
0.000000, WOOOOOOOOOOOOWThekOOOOOO00000. (UTsD (U
000000000000[S(Ged)]D a0000(@0 eb000000@WIO0000000. 0
000 YT,0000000 S (=inandowt) 0,a0000(0000)100000 10K00
D00, TWO0ODDOO000 0 DS Su(@on) / 2SGeon) ~40 0 00000000000000000
0.00000000000000000 UPGALDOOOO00000000000/[13]. UNiAls0 0
N0000000000000000 H,00O0O00000000000000.

0000000000, 0000000SWO000000000, 0000000000000
N00000000000000000000000[29. 000000000000 d00000
000000000000, 00000000000000000000000000000000
000000000000000000000000000000.000 SODW 00000000
0000000000000000000000000.000000000000000000

a 7 UN|2A|3|:| UPdgAlgD 1/T1D oo

8



L]
UNiALOOO0000D00000000000000. T 1O o _.'*
0000000000, 00000(000)0 UPdAl; O = g
UNi;A; 0 T.00000000000000, 000000 N
0000000000[30). UPhA; 00 ab0 000000 ;'éﬁﬁ LINLAL
0000000000000000000000 60000 ;Q : ﬁ:LM
020000000000,UNiAl; 00600000000 GF i
00000000.000000000000000000 “ 10 100
0000, 0000000000000000000000 TiK}

0 8 UNi,AlL,O YT,000000. O
0000000000000000
WT)s 0 NQR OO DO ODDODOO
(UThwer 10KOOOODOOOODOO
0oooooooo.

gooogb.oboooooooboboooooonD 100
goobooobbooooobob.boooboboooooo
UNiAl; 000D 000=000-00000@HvA)OOOO
uoooooooobooobood.

uon

Oo0,0D0000000UNALOOD,s0000000D0000000O0DODOOO0OOODOD
ooooODDOOObOO0000000oooO. odoOg uNiAODDDDODOOOOoooooog, oo
OoObDb0a0000ob0bOb0o0OooobbObb00ooobob. D0obbO000 UPkALIO dODO OO
ooboo0ooooooobDboOoogg, UINRALOODODOoOooooooobooooooobooo, oo
oobDo0oooooobbooooooooDbooog, UMAIM=PdandND)OD DO OO OOOOOO
gobooobooboboboboobooboo.oboobooboooooobooobooboboooboobooon
goooboboooobooboobooo.

OO00OO00O0OUNALOOOODOOOOOOOONMROOOODOODDOO, DO0O0O0OODODOD
ubbooboobobooboboboobooboobobooboboooboobooobobog. 00 NMR
ooooO,0boo000oo0ooboobbO00 vymOoooooooobobobooo, boooooboo
OO0OO.NMROOODOOOOOOODDO,UMAILODOOOONMROODODOAIOOOOCODOD
ud,gbbooouod, ogobouoboobboob, bogbobooodg. boobooaobooo
o, gubogboobobobobobooboobooooobobooboobod.

OO0DO0O00O0oo0oO UNiAAbOOOOOOODbbOOoooooboO,obobbbooooooo
oooo0oooooo, UPkALDODOOOOOooDOO@OoOooooo)yobooboooooooo
oopooO.bo000oooboobo0, b00ooobbbod chreO, 0000, DOOODODOD
gooooooooo, boooobooooboboo0, boobbooobbooobobooooob
gooobooboooboo.gobooboobooooboobooboboobooboob, ooboo
goog, obogboobobobboobobooobooobog.

O ODO00000CeO UOOOOOODODOOOOOOODOO.DOOOUOOD ADOOD,DODOD
oOo0OODOO0O0O0oOoOooOooboboOooOD,0bo0D 100~1000 000 DOOOPOO0OOO
gooo.booooog, guobooobboouoboo vgboooobooooooooboooooo
a.

*» SCROUOOOO e¢ad0O000D0DOOO0OO0OOOODOOOOOODO. OOOdOOOOOOODD
boboobooboobooboooban.



[1].Bardeen, Cooper, and Schrieffer, Phys. Rev. 108, 1175 (1957).

[2] PW. Anderson and P. Morel, Phys. Rev. 123, 1911 (1961)

[3] W. Kohn and J. M. Luittinger, Phys. Rev. Lett. 15, 524 (1965).

[4] D. D. Oscheroff, R. C. Richardson, and D. M. Lee, Phys. Rev. Lett. 28, 885 (1972).

[5] F. Steglich et al., Phys. Rev. Lett. 43, 1892 (1979).

[6] J. G. Bednorz and K. A. Milller, Z. Phys. B 64, 189 (1986).

[7] R. A. Fisher, D. Kim, B. F. Woodfield, N. E. Phillips, L. Talllerfer, K. Hasselbach, J. Flouquet, A. L. Giorgi
and J. L. Smith, Phys. Rev. Lett 62, 1411 (1989).

[8] Y. Maeno, H. Hashimoto, K. Yoshida, S. Nishizaki, T. Fujita, J. G. Bednorz, and F. Lichitenberg, Nature
(London) 372, 532 (1994).

[9] K. Ishida, H. Mukuda, Y. Kitaoka, K. Asayama, Z. Q. Mao, Y. Mori, and Y. Maeno, Nature 396, 658 (1998).

[10] K. Ishida, H. Mukuda, Y. Kitaoka, Z. Q. Mao, H. Fukazawa, and Y. Maeno, Phys. Rev. B. 63, 060507
(2001).

[11] J. A. Duffy, S. M. Hayden, Y. Maeno, Z. Q. Mao, J. Kulda, and G. J. Mclntyre, Phys. Rev. Lett. 85, 5412
(2000).

[12] L.C.Hebel and C.PSlichter, Phys Rev. 113, 1504 (1959).

[13] K. Ishida, D. Ozaki, T. Kamatsuka, H. Tou, M. Kyogaku, Y. Kitaoka, N. Tateiwa, N. K. Sato, N. Aso, C.
Geibel, and F. Steglich, Phys. Rev. Lett. 89, 037002 (2002).

[14] C. Geibd, C. Schank, S. Thies, H. Kitazawa, C.D. Bredl, A. Bohm, M. Rau, A. Graue, R. Caspry, R.
Hdfrich, U. Ahlheim, G. Weber, and F. Steglich, Z.Phys.B 84, 1 (1991).

[15] C. Geibd, S. Thies, D. Kaczorowski, A. Mehner, A. Graue, B. Seiddl, U. Ahlheim R. Helfrich, K. Petersen,
D. Bredl, and F. Steglich, Z. Phys. B 83, 305 (1991).

[16] A. Krimmé, P. Fisher, B. Roesdi, H. Maletta, C. Geibel, C. Shank, A. Graud, A. Loidl, and F. Steglich, Z.
Phys. B 86, 161 (1992).

[17] A. Schroder, J. G. Lussier, B. D. Gaulin, J. D. Garrett, W. J. L. Buyers, L. Rebelsky, and S. M. Shapiro, Phys.
Rev. Lett. 72, 136 (1994).

[18] R. Cagpary, P. Hellmann, M. Kdler, G. Sparn, C. Wassilew, R. Kohler, C. Geibel, C. Schank, F. Steglich,
and N. E. Phillips, Phys. Rev. Lett. 71, 2146 (1993).

(199 ODODODO, 0000 33,295(1998)

[20] Y. Dalichaouch, M. C. de Andrade, and M. B. Maple, Phys. Rev. B 46, 8671 (1992).

[21] N. Sato, N. Koga, and T. Komatsubara, J. Phys. Soc. Jpn. 65, 1555 (1996).

[22 OO0, 0000000000000 ooog (moo) o

[23] M. Kyogaku, Y. Kitaoka, K. Asayama, N. Sato, T. Sakon, T. Komastubara, C. Geibel, C. Schank and F.
Steglich, PhysicaB 186-188, 285 (1993).

[24] H. Tou, Y. Kitaoka, T. Kamatsuka, K. Asayama, C. Gelbel, and F. Steglich, PhysicaB 230-232, 361 (1997).

[25] M. Kyogaku, Y. Kitaoka, K. Asayama, C, Geibel, C. Schank, F. Steglich, J. Phys. Soc. Jpn. 62, 4016 (1993).

[26] N. Metoki, Y. Haga, Y. Koike, Y. Onuki, Phys. Rev. Lett. 80, 5417 (1998)

[27] N. Sato, N. Aso, G. Lander, B. Roesdli, T. Komatsubara, and Y. Endo, J. Phys. Soc. Jpn. 66, 2981 (1997).

[28] N. Aso, B. Roesdli, N. Bernhoeft, R. Caemczuk, N. K. Sato, Y. Endo, T. Komatsubara, A. Hiess, G. H.
Lander, H. Kadoweki, Phys. Rev. B 61, R11867 (2000).

10



[29] T. Kuwabaraand M. Ogata, Phys. Rev. Lett. 85, 4586 (2000).
[30] Y. Niskawaand K. Yamada, J. Phys. Soc. Jpn. 71, 2629 (2002).

11



O0000000000DO00obO0o0boOooooan
New Generation of Geometrically Frustrated Spin Systems

oo O
Oo000ooOoooooooooo
Hiroshi Kageyama
Department of Chemistry, Graduate School of Science, Kyoto University

1. 0000

0000000000 Ofusraion] 00 0000000000000 OOOOOOOOOOOOO
0000000000000000 fura0000O0000000021000000000000
0000000000000O0O0O0O0O0O0O0O0O0O0OOOOOOOOoOoOoOooooooooooonn
0000000000000O0O0O0O0O0O0O0O0O0O0OOOOOOOOoOoOoOooooooooooonn
00000000000000000000O0OOOO0ONOONOoNoooooooooooonn
00000000000000000000O0OOOO0ONOONOoNoooooooooooonn
00000000000000000000O0OOOO0ONOONOoNoooooooooooonn
00000000000000000000000000

00000000000000000000000000000000000000000000
00000000000000000000000O0O00O0ONONOONNNNNoooooooooonn
00000000000000,00,0000000000000000000000000000
000000000000000000O00O000OO0O0O0NoNOooooooooooooooonn
000000000000000000O00O000OO0O0O0NoNOooooooooooooooonn
0000000000000O0O0O0O0O0O0O0O0O0O0OOOOOOOOoOoOoOooooooooooonn
0000000000000000000000000000000000000000RVB 00O
0000000 [J000000000000000000000000000000000000
000000000000000000000O0O0OO0ONONONNoooooooooooooonn
000000000000000000000O0O0OO0ONONONNoooooooooooooonn
00 [20

000000000000000000000O00O00O0ONONONNONNOooooooooooonn
0 CaCo0s 1000000000000000 [f000000000NNNnnnnnonn
0000000000000 C0C0C0C0C0C000000000000000000 SCu(BOy), 0100
00 Shestry-Sutheland 0000000000000 C00O0000000000000000000O
00000000O0SCu(BOs), 1000000000000000000000000000000
0000000000000000000O00O00O0O00NNOoOOoNoooooooooooooonn
0000000000000000O0O0O0O0O0O0O0O0O0OOOOOOoOoOoOooOooooooooonn

12



oo00o0O0 4 oo0ooooboboboobobooooooobboOooooooboboOobDbooooobooo
gbobobooboobooobooboobooobooon

2. 000

00000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000J>00000000000000
000+ 0000 0000000000000000000000000000(@ 000000
00000000000000000000000000000000000000+ 00000
000000000000000000000000000000000000000000000
000000000000000M®OO:+ 011 00000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
000000000000 (@ 00000(® 000000000000 00000 0000
00000000( 00000000000000000000000000000000000
000000000000000000700080000000000 [5 0000000000
0100000000000000000000 [6 000000000000

(a) (b)

00 (@ 0000 (p 000000000000

gobogoboobbouboobbouboobbouboooboabooobooboo
uobogoubouboooboobboooboobboobooobooboobboobogon
ocoooOooooooobboOoooooooOobboOoooobooDbbObOOoo0o@ELDbODOoooooDD
oooobooboboooooooooobooobbobo yvsooooODbobobOOooooooooboobooo

13



Cav,O, 00 O0O0DODODOOCODO [iCOOCCOOO0O0OUOODOOUOoOobODbDDOODDOCDOO
gobogoboooboooooboooboobooboboooboobooboobboobOooDboo
gobogoboooboooooboooboobooboboooboobooboobboobOooDboo
gobogoboooboooooboooboobooboboooboobooboobboobOooDboo
gobogooooooboooboobooobobooboobooooboobooboobboobooDboo
OO00UOO-@LOo0000on »»rOoOoooooooooDD OShestry-Sutherland OO OO0
vobobooboooooooooobooboboooooooooooboboboboooooooooooooo
ooooooooooobooooooooooobooobooogooobobooboooooooooo
ooooooooooobooooooooooobooobooogooobobooboooooooooo
ooooooooooobooooooooooobooobooogooobobooboooooooooo
00000000000 O0ODOO0O0000OC0ODO00000 OShastry-sutherland OO ODOOO [80O

(a)
o R
) v v v
"'hq:
s
e ____.L:'
(c) (d) j\ ]
X O—0
AVAVANE. Ec\d/ﬂ © AN
(e) :3_1 0
| A O—0
—

U0 ogoobbooobbooobbogobo

00000 (V50000000
() 00O 33000
00 00000000000O0000000 (0 00000000000
00000( 00000 (p 000000 (d) Shastry-Sutherland 0 0 O
(0 00000 () 000000
(9 000000000

3. Shastry-Sutherland 00 O
00dooooooooeeloodoooooooooooooooon B.S Shestry O B.

Suheland OO 0000000000 OO0OO0O0OOOOOOOOOOOOOO [QUOObOOODOOO

0000000000000 obOobOobOoDbobobobOobOobOooooooo

14



uobooooboouobobooobooboboooboobbooboooboooboooobboooboogoon
Oo00O0O000OoooDboOeesuonnonon shestry DOOOOoooooOoOo* oo” 0ODOO
uoboooubouobooouboobboooboobboobooobooboobboobogon
uoboooubouobooouboobboooboobboobooobooboobboobogon
vgogooooobooboboooooooooooboboboooooooooooboobooooooooooon
vgogooooobooboboooooooooooboboboooooooooooboobooooooooooon
ogoooogo

O0D0000D0O000D0O0O00O0SCwBO), 0000000000 DOOOOODOOOODOO
ggooogooooobobboooooooooooobobbbobboooooooobobobooon
ODO000DO0O000O00000O000DO000D0O0O00O0000 Shedry-Sutheland OO OO0ODO
D000 O0D0O%hesry-Sutherland OO0 O O000OC0OOOCOOODOOODOOOOOOOOO

SCu(BOy), D0 ODDOOOOOOOODODODOOOOOOOOD IiZm;No.lZlDDDDD [101Cc
O0000000 CuBO; 00000 S* 0000000000000 0000000000000n
[001] 0000 CuBO; 00000000 OOC 0000000000000 O0D0O0O0ODOn
googbocacodbooooboobbobobooogibcwuooonnonoogooonon BosO
googooooobobooooooooooobobbooboo0gn GO ODoooooImoooo
0 cO000 9 O0000000000000000S=120000 /00000000000
oobDo000ooob sgdobbz=400000000 cuBOOUOOODOOOOOOO39%K
goooobboooooobboooooobbooooobboboooobbbo cuBGs OO0
0000001 D000 ¢ 0000000000000 14/menidNo. 1400000000 Z=400Cu
OOOO0OOO0O0O0O0O0O shooooo

0.35 ——

.30 - piuL A %

025} “;
1

{F_EU—%__*__\ B D%_Pn -
isk ti. i~ _

10

.{l'.l'f.1lr_'.l "Hfj, -I_'.-
_ 13K

fit (b { g /Cu)

(LR ] 5

(LN} !
o mn 20 3 40 50 60 70

Tk i (1)
00 o008KOOOOO SrCuy(BOs), oooOoooc 000000 v30wadws O
000000000000000000 [001] OOO0OO00O SCuy B0y, OO OOMO
OcuBO,DOOOOOOO 1800000000000 00O0O0OO0OOOOOOO0O
Oooooooooboooooooooooboooooooooboooooooooo
Ooooboooooooooboboooboooooooboooooooooooo

15



0000000000000000D0OSCWBO,), 0000 O O (BO)* DOOOOOOOODO
0000000000000D00000000000 JOOOOO0O0O0O00D J 000000O0c
0000000000000000000000000 JO J 000000000000000
Ccv* 000000 S=12000000000000(W00000000N0NNNNNNonoNon
00000000000000O0O0O0O0O0O0O0O0O0OOOOOOOOOoOoOooooooooooonn
000000000000000000000 [100000000 Shastry-Sutherdand 0O 0 O
SCu(BOs), 0000000000 000000 [12]0 Shastry-Sutheland 000000000000
00000000000 000000000000000000000000000 J 00000
000000000 00000000000000000000000000000000000
00000000000000000000000000000000000J0 JOOooooo
000 J'00000000000000000000000000000000000 [11, 13]00
JJ=068 00000000000000000000000000000000 J=8KJ'=54K
0J/3=063500000000 SCw(BOy), 000000000 OOOOOOOOOOOOOOOO
000000000000000000 ADDDDDDDO0O0000D0O0D ESROOOOOOO
NMR O00OD0OOO0OOO0O A=34KOOOOOOOOO [8 14-16]0

0000000000D00D0D0O0D0O0O0D0199800000000000000000000000
0000 [9 0000000000000000000000000000000000000
0SCu(BO:), 00 0000@MDOO00O0000ODODDOOO0ONONONON0ONODODOOOONO0ONO0nOn
0000000 0° 000000000000000000000000000000000000
00000000000000000000O0O0O0O0O0O0ONOONNNoooooooooooooono
00000000000000000000O0O0O0O0O0O0ONOONNNoooooooooooooono
00000000000000000000O0O0O0O0O0O0ONOONNNoooooooooooooono
0000000000000000000000000000000000000 [11] OO0
Shastry-Sutherland 0 0000 C0O00000000000000
00000000000000O0D0O0O0O0O0O0O00DDDDODDDDODDDDDDDonooonO
000000000000000000000O0O0O0O0N0oOoOoOoNooNoooooooooooonn
0000000000000000000000000000A >000000000000000
000000000000000000000O0O0O0O0N0oOoOoOoNooNoooooooooooonn
00000000000000O000O0O0O00O0O0O0OOOOOOOOoOoOooOooooooooonon
00000000000000O000O0O0O00O0O0O0OOOOOOOOoOoOooOooooooooonon
00000000000000O000O0O0O00O0O0O0OOOOOOOOoOoOooOooooooooonon
000000000000000000000000

0000000004 TOOO SCuw(BOy), 0000000000000 O0OO0O00O00000
N.V.Mushnikov 00 000000000000000000000000000000000000
0 70T 00000000000000000000000000000000000 008K OO
000 Shestry-Sutherland D0 ab 0000000000000 000000O0O0O0O0O0OOOOOO
0000000000000000000000O0O0O0O0ONONOONONNNooooooooooonn
00000000000 Y3Ww4s 0000000000000 O00NNnnnonononoo [8 170
00000000 CaCo,0s[3) 0000000000000 OONOONONONONONOOonoooooonn
000000000000000000000O00O0000O0ONONONONONOnOnD ao00000noo

16



uoboooobobouoboboooboobibogboobbooboobbooboobboooogoon
OO0DO0O0000oooDD sCuw(BO)UbbObObbOoOoooooboobbOboooooobooD
gboboobobooobobouboboobooaon
gbobdgubbooboobbooboobbouoboobboooooobbouoboooboboyd
oobooooooooDbbo0 mooooooobbooooooboobbooooboobbooogn
ogooobooobobooooooooooooobobooo0y oooooooboboooooooooon
oogogooooobooboooooooooooboboobooboooooooooboboooooooooon
goboooboobooobooobboooboobbooboooboboooboobboobogon
goboooboboobooooboboooogobboooobooooboboooobooobboooboooobomo
goboooboobooobooobboooboobbooboooboboooboobboobogon
udbooooboouoboboooboobiboooboobbooboooboooboooobboooboooon
udbooooboouoboboooboobiboooboobbooboooboooboooobboooboooon
udbooooboouoboboooboobiboooboobbooboooboooboooobboooboooon
gbobooboboooboobouboboobo
ooooooooboooooooooooobobooboOooooooobooDooobooooon 119
udboooubouoboooboobboooboobboobooobooboobboobogon
oogogoomoboboomoooooooboboobooooooooooobooboooooooooon
ocoobysoooboobobbbobooooooooooobbbobooooooooobooDbDbbDoo
ooboooooobooooooobbooooooboobobbo00oU0 ooooooobooogoo
gobooboooobobooobobooobooboooboon
goboooobooooobbooboobbooboobobooboobobodb NMROODO
goboogbobobooboooboobobobooobbooboobbooboobooon 27eT
O0ysioooOoDbOOoOoOoogssmk 0000 Cu-NMR OOOOOOOD [g0oooooon
udbooooboboouobobooobooobobooboobboobooooboobooobboooboooon
gooooooooobooooooooooobobo2ooggooooooooooooooooo
ooogooooooggoon 300 3sovHz DOOODOOODODODO0OO0O0O0Ooooooooooon
udbooobobouobboooboobboooboobboobooobooboobboobooon
uoboooboboobboooboobboooboobboobooobobooboobboobooon
gogooooobobooooooooooobobooobooogooooobobooboobooooooooon
gogooooobobooooooooooobobooobooogooooobobooboobooooooooon
gogooooobobooooooooooobobooobooogooooobobooboobooooooooon
goboooboobooobooboboooboobbooboooboboooboobboobogoon
goboooboobboooboobbooboobbooboooboooboooobooobooa
[19 OCOOOoooooooobbbobobobobooooowoooobbooooboooooooo
ubooboobooobooboobobooonoooobooooonn

17



By . B  H276T

o5 HE
"k
"
A

bl o
1063 150 X0 5] K] 350 = 4500

I i B (MHz#)

O0 276TO3BmMK ODOOO0O0 SCuBOs), O NMRODODOOOO 1800000
gobobboooobooboooooooobbooobboobbobbooooobo
goboobooboobooboooboooooooooooooboo

4. O0OOOO

00 Scence O00OTM.Rce 0000000 DDODDOOOOOTo Condense or Not to Condense( [
O00000TICuCl; O SCu(BOs), DO ODOOOODOOO [2000000000000000O00O0O0
000D0bOoOooOooooooooTicuC; 00000000000 oboooo0ooooooooa
000000000000 00000000000000SCwBO,), DOOOOODOOOODOOOO
goooooooonooooooonoooboooooonoooooooooooooogoon
goboobooobooouboouoooboouooobboubooooboooo® oooo
0000"o0o0ooooooooooooooo0o0mobooooooooooboooag

00000000000 0000000O00000D0DO00000D0D0O00SCu(BOs);0OOOO
00000000000000000000D0000000000000DO000O0000O00O0O0
00000000000000000000D0000000000000DO000O0000O00O0O0
00000000000000000000D0000000000000DO000O0000O00O0O0
ddoooooooooooooouooobooooooooboooooooooooogoon
00000 RbCaTaOp O FeCl, DODOODOOODO [220O

RbC&QT%O]_O +FeCl, - (Fe(:l)caQTagolo + RbCl

000000000000000000000000D0DOO0O0000000000RL" O (FeCl)”
D000000FRY 0O000000000000000C D000 R 00000000000
uoboooubouobooouboobboooboobboobooobooboobboobogon
oooooooobooD -y obhooooooooboobboooooobbooooooboo

18



oooooooooooboooooooooooboboooboooooooooboboooooooooooo
gooobobbooboboooooooooooobooooooooooboboobooOy-» ooooo
00000 VO(GeS)04[22 DO OOOODOOOOOOOODOOOOOooooODOOoOooooLooOD
googoooooobooooooobobobbooooooooooobobooboo0u0y-» 000
vgogoooooboobobooooooooooobobooboobooogooooobooboobooooooooon
vgogoooooboobobooooooooooobobooboobooogooooobooboobooooooooon
vgogomoooboboooooooooooooboooooooomooooooooooooon
ooooooboobo gy oooooobbbooooooobbboooooobboboobooogoo
oooogoooooboobooooooooooobooobooogooobobooboooooooooo
ooooooooobooboooogooooooboooogoooobom oo m

(a (b)

-Rb

)
“ + FeCl

OO0 RbCaTa0y O O O (FeCl)CaTasOyl1 O O

6. 00O

OO0D0O00000000ODDO0O00000D00ODDO0000000SCwBO,),000000OODO
goboooboobioooboobiboooboobboobbOoODoDeesl 40 2003050000
goboooboobooobooobboooboobboobooobboooboobbooobogon
uoboooobobouobobooobooboboooboobbooboooboboooboooobbooooboooon
OO000ODOO0O0000000OCOODDOObOO0O0Oo0o0OooboCooODDDOO (FeChCaTa0no
OO00OO0000000ODOO0mOoOo0o0ooobDbOooo0ooooD JB.Wiley. Viciu, G. Caruntu
googooooobooooooooooooobooooooooooooobobooooooooooon
googooooobooooooooooooobooooooooooooobobooooooooooon
ooooooo

19



[1]
[2]

(3]
[4]
(3]
[6]
[7]
(8]
[

[10]

[11]
[12]
[13]
[14]
[19]
[16]
[17]
[18]
[19]
[20]

[21]
[22]

20

ooogan

P.W. Anderson, Mater. Res. Bull. 8, 153 (1973).

K. Takada, H. Sakurai, E. Takayama-Muromachi, F. Izumi, R.A. Dilianian, and T. Sasaki, Nature 422, 53
(2003).

Ooooooo0O 71,12(1997).

S. Miyaharaand K. Ueda, J. Phys.: Condens. Matter 15, R327 (2003).
doodooooooooooo, ogooboooogooooog 2e.
000000000 Highly Frustrated Magnetism 2003 (Grenoble) 0 0 000000000000
0000000000 d http://mww.grenoble.cnrs.fr/hfm2003/0

Taniguchi, T. Nishihara, Y. Yasui, Y. Kobayashi, M. Sato, T. Nishioka, M. Kontani, and K. Sano, J. Phys.
Soc. Jpn. 64, 2758 (1995).

H. Kageyama, K. Yoshimura, R. Stern, N. V. Mushnikov, K. Onizuda, M. Kato, K. Kosuge, C. P.
Slichter, T. Goto, and Y. Ueda, Phys. Rev. Lett. 82, 3168 (1999).

B.S. Shastry and B. Sutherland, Physica (Amsterdam) 108B, 1069 (1981).

K. Sparta, G.J. Redhammer, P. Roussdl, G. Heger, G. Roth, P. Lemmens, A. lonescu, M. Grove, G.
Guntherodt, F. Hining, H. Kueken, H. Kageyama, K. Onizuka, and Y. Ueda, Eur. Phys. J. B 19, 507
(2001).

S. Miyaharaand K. Ueda, Phys. Rev. Lett. 82, 3701 (1999).
http://ww.kinso.kuchem.kyoto-u.ac.jp/~kage/SrCuBO.html

A. Kogaand N. Kawakami, Phys. Rev. Lett. 84, 4461 (2000).

H. Ngjiri, H. Kageyama, K. Onizuka, Y. Ueda, and M. Motokawa, J. Phys. Soc. Jpn. 68, 2909 (1999).

H. Kageyama, M. Nishi, N. Aso, K. Onizuka, T. Yoshama, K. Nukui, K. Kakurai, K. Kodama, and Y.
Ueda, Phys. Rev. Lett. 84, 5876 (2000).

K. Kodama, J. Yamazaki, M. Takigawa, H. Kageyama, K. Onizuka, and Y. Ueda, J. Phys. Cond. Maitt.
14, L319 (2002).

K. Onizuka, H. Kageyama, Y. Ueda, T. Goto, Y. Narumi, and K. Kindo, J. Phys. Soc. Jpn. 69, 1016
(2000).

K. Kodama, M. Takigawa, M. Horvatic, C. Berthier, H. Kageyama, Y. Ueda, S. Miyahara, F. Becca, and
F. Mila, Science 298, 395 (2002).

JC. Tolédano, P. Tolédano, The Landau Theory of Phase Transitions (World Scientific Publishing,
Singapore, 1987).

T.M. Rice, Science 298, 760 (2002).

H. Kageyama, L. Viciu, G. Caruntu, Y. Ueda, and J.B. Wiley, J. Phys. Condensed Matter, in press.

R. Mézi, P. Carretta, A. Lasciafari, M. Mambrini, M. Troyer, P. Millet, and F. Milla, Phys. Rev. Lett. 85,
1318 (2000).



OO00O00oOoooooood
Magnetic Refrigeration and Giant Magnetocal oric Effect

oooo
Ooo0oooooooooooooog
Hirofumi Wada
Department of Materias Science and Engineering, Kyoto University

1. 0000
gooMrRIobOoooooogboboouooogobouooooboobooboobobooooo
gobobgubbouoboobbooboobboouoboobobooboooboobooooem™
googoooobooooooooooobo wvhboboboooooooooboboobooo0 220000
ooboooooooobopoooooobbooobooooooobboooooooooobooDD
200000000000000DODOOO0000OOOOODDODDOOOOOOOOOOODDODDOD
vgogooooobooboooooooooooboboobooooogoooooboboobooooooooooon
gobooobooboooboobboooboobbooboooboooboobboobogon
gobooobooboooboobboooboobbooboooboooboobboobogon
gobooobooboooboobboooboobbooboooboooboobboobogon
uobooooboouobobooobooboboooboobbooboooboooboooobbooooooon
uobooooboouobobooobooboboooboobbooboooboooboooobbooooooon
uobooooboouobobooobooboboooboobbooboooboooboooobbooooooon
gbobooboboogboboubobouobooouboboobobooobooobon

2. 0000000
oooooooobobobbbbobbbbO0ooooooooooooooooooboD @oooo
ooogoooooboooboooooooooob Aooooooooboo vooooooooooo
ooogooooobbobooooooooooobobboobooooooooasynboooogooooon
U0o0o0oboooboobobooobooATgLO000Do0. ooboboooooobboaAasWOooon
O0D000000ATmxO0000D00000000D00O00 10 OH<H,OODDOO HyODOOaBed
goboooboobooobooobboooboobbooboooboboooboobboobogoon
uoboooobobouobobooobooboboooboobboobooobboooboooobbooooboooon
UOOregeneratorl DO OO0 O0O0O0O00OO00O0OO0OD0OO0O0O0OO0O0OO0OO00O0O0OO0OO0OO00O04
uoboooobobouobobooobooboboooboobboobooobboooboooobbooooboooon
00D OO (active magnetic regeneratorr AMRO D O OO0 000000 DODOOOOOOO 2@U AMRDO
udboooubouboooboobb AMROODODOOOOOOOOOOOOOOOOO0OO04gon
ubobotobotdAMR OOO0O0O00o0O0oooooboboobooboooboouboooooaooyd

21



ocoooooobObOOOOO0O0O0oO0oOo0o00ooooobboobOD UooobboooooooDo
U0 AMROOODDDOOOOOOOOO0m200000000oooooooooo0ooooooon
ooooOoooooooDboOoo AMROOODOOOOOOODOOOOOOODODOE AMRODOD
oobooooooboob@ booooooobboooooobbooooDbLbD AMROOODODD
oogoooboobobooooooooboooogoobobooooooooboooo0AMR ODOOOO
oobooooboooobo 2iooooog

A H=0
H=0
A
e e e e e e e e e e e — HO ‘r—/
Y ASy H, )
0 |- A ASy
- € © B H
AN 1 1 1 -~ W
H : 1 : ’\ h ATad
1 : H
: ! ATy
1 1 I
1 1 1
1 1
1 1

T, Ty T 1R BB

(2) (b)

01 JooooOoDbbOOoOoooooooooobDoO@UuuUooobooDOw oobooobobboooo

— AMRXy FOIRE
---- B DI E

AMRRy K
T4 AT L—Y— T4 AT L—Y—

<«— Tyt ATy

<« Ty

i
=

- — Tce —1~ e g /
(SR R MR
g&f&g e ﬁkﬁi Te=ATc —»-
s BT
- B
(@) (b)

02 @AMROOOOOOOCOCOOMAMRODOOOOOOOOOOOODDOOOOO

1998 0000 AdronaticsO 0 ZimmO O AMROODOOOOOOOODOOORIDOOOOOO
oooO0OO0000b0edOoOobObOobbO0oOoooboOobDbOOoooooUooo sTODOOOOOLOOD
U0 200 AMROOOOODDDOOOOOOOOOOODOO ecowWwDODOOOOOOOOOOO

22



ooooooooooooooooomooobooooooooooooboooo3ggooooo
Oo0D0zmmOO 200100 00000000000000C0DO0O0000OOCODOOOOO@)O@)
gdbogouboubooobd AMROOOOODODOOOOOOOOOOOO0obObOOo0O04gon
uoboogobdo 400 AMROODOOOOOODODOOOOOOOOOO0bOOoooboboOoooogo
gopoobobbOooooobobobboooobooDbEIoDbboogooo7rTe TOOO AMROD
o3t dUibUUUULd

3. 000boooog

goboogobooboooboobbooboobbooboooboobooobobooboo
gobogoboobooobooobboooboobboobooobobooooboobboobogon
ooooooooD cobUoooooobbobooOooooooobobbobobobooooooooo
udbooooboboouobooobooobooboobboobooooboooboooobboooboooon
oooooodobod 1wobobobDbOOo0ooooboOobDOoOoo0obOobbOOooOooogoobooD
gdbogoubouboooboobboooboobboobooobooboobboobogon
gdbogoubouboooboobboooboobboobooobooboobboobogon
ooogooobD eCee0ODOO0O000000O0O0DOD30OSOKODOOOO0O0O000ooon
OoD0o00ooooDOof4o199r70m O AMESO O OO Percharsky O Gschneidner, Jr.L0 GdsSi,Ge,
ooboo0oooooobbooooooobboooooopuoobboasyzsoobbooooobooo
ooboo0oooobob cdUibob 200b0b00o0oooboobbO0oooooobbOooooobDD
gobogoboobooobooobboooboobboobooobooobooobboooboogoon
O00OO0000d0o0oOoDOOO00o0ooooODO0 1o obbOOooooobooObOOooogoooooD
gooooooboooog

1) 00000000000 1T.0000000000000000000000

000000000 ooobo0ooboooooooobooo

AT LO0000000000000
oopoOooOODbOO0O000oOoODObO0oOoUoOODLbOOO00OOOUO0n MPASSOODODOD
gbooobobooobooaon

4. NnAs,,Sb,0 00000000 [6,7]

000 NiAsOOOOO MnAsOO00000000 34 wg/MndTe=317 KOOOOOOOO O Te
00000000000000000000000000 MPOOOO0O000000000000
NiAsOODOOO0O0O0O000000000000000000000000000000000000
00000000000000000001) MrAsO TeOOOOOOO0DO00000000 32 JK kg
00000000 MnOOOOO0OOD S$S32000000000000000000000
RIN(2S+1)=11.5JK mol 0 35%0 000 T. 000000000000 00000000002MnAsO
000000000000000000000000000000000000000000000
00000000000000000003) 00000 T.000004K/T0000000000A
T«O000000000000000000 30 MPAsOOO00O0000000RAS000000
0000000ASDOO000D00O0O000O000O

23



|ASul (YK kg)

AS,, = .([ (%)H dH e 6

ooogoooooobooooooooo,bbbasybboooooooooooooooooon
OoDOMnAsOAS/OD 35 KOOOOOOODDOoOooooooDpoooooooooopsioo
U000 32¥KkgDODOOOOO00D0D GSGe,00OODOO 200000000000000ODO
ogogoooooobobobbbibooouaAaswoooooooobobobooooooooooon
gobooobooboooboobboooboobbooboooboooboobboobogon
0oooooboodD 400 MPMAsOATxOOO000D00000ATgUODOOO0DOO000O00O000
UooogostTooooooATmO00000 B3KOODOOOO01TOOOOO00O0O 26KOOOOO
000 GdsSGe, 0 3K/TOOOOODOOOOOOODOOOOOODODOOOOOO 2k/TOOODODO
uobobooobooovrAs DO O0O0O00ooooooooooooooooooooooyd

T T 1 T T 15 T T T : |
40F MnAs H ’
—a 1T
—a— 2T 1T
30| —=— 37 | 10k 2T |
—o0— 4T Py 3T
—e— 5T 3 4T
® 5T
201 = >
5_ -
10} -
ok — - oL =& . —3 .
340 350 300 320 340
T (K) T (K)
03 MPASOOODOODODODOOODOASWO 04 MnASOATL,O000000O

googon

ooobbO ogoboooobooboooobobooooooboooobobooooobboooobobooo
gooubooobobooobbooobooobiboobobo0 MpPAsODDOOOOO e KODOOOODOOOO
gobooobooboooboobboooboobbooboooboboooboobbg Asgdo
OsSOd0000 MPAs,Sh,ODOODOOOOODOODOSO0O0O0OO00OONAsODOOOOOOODO
oooooooooooboT.O0O xODDOOoOoOooooooox=040000 210KOOOOOOxX
uobooooboboouoboboooboooboooboobbooboooboooboooobbooooooon
0000000000 50 MnAsygsShosO TcOODOOOOOOOODOON=260k 0 O0OOO0ODODO
uobooouboubooouboobboooboobboobooobooboobboobogon
OOO0O00O0D00D0 MnAs,ShyOOO STOOOOASMUOOOOOOD e0D0OODDODDODO
Gd:S.GCeUASIDOIOOOODODOOOO0OOODODOOOO0O0ODO0ODOOx030ASDOOOO

24



O0D000GMSGCe, 000000 DOO0O0O0ODO0OO00O0O0O MnAs., SO 220-320Kk DO0O00OODO
gboboobobooobooboubobooboboobobooboobobooboboobo

25 T T T T ' T T T T T T 50 T T T T T
L MnAs, .-Sb 258K | i
Sp.85900.15 6K MnAs,. ,Sb,
21 n 266K ] 401 5T ]
= Gd:Si,Ge,
E [)) - AL — E
270K ~ x=0
315 4 ~ 30+ .
« =)
Ly -
= i 20 .
s 1 g
276K
05 ] 10'_ =
) ) ) ) ) o
0 1 2 3 4 5 200 350
H (T) T(K)
05 MnAsgShyisD TcOODOO0O000O0000 06 MnAs,Sb,O0OOSTOOOOAS,O
000000000 0000000ooooon 000000000000 GdSi,Ge, [

goboooooon

000 MpPAs,,S,O0OD0O000000DOO0000 200000000000 000000CDOO
gobooobobooboooboobboooboobbooboooobobooobooboboobogon
goboooboooboooboobboooboobbooboooboboooboobboobogon
gobooobobooobooooboobobooboobboobooobooboooobboooooon
gobooobobooobooooboobobooboobboobooobooboooobboooooon
uoboooobobooooooobodg AMROOOODDOODOOODODOOOOO0ODOOO00O000n
oooOo0oOooOoooobObOOoOoooooOobDbOOooooboOoDbOO00 cdoboboboboooooooo
oooooooooboboooooooooooboobooboooooomooboooooooooooo
gobooobobouoboooboobboooboobboobooobobooboobboobooon
ggoggooooooboooooooooooboboobooooogoooooboboobooooogg sooo
ooboooooooobbooJbboooooooboooobobobDRNEssH)UOODDOOOODD
gogogooooooboooooooooooboboooooogoooooboboboboooogooooon
gobooobodb boobboooboobobooboooboobboo TJooobooboboboa
goboooood Teoboobooobooobooboobooboobooboobooboon
gobooobodMnAsO0ODO T 4800500k 000 0000000000000 TeO 317K O
uoobooooo Tcbogbbouoooobbooooobbooobooooboooobooooboooon
T.O0O0ODO0O0OoOoooooooboboboooooooooooooboboooAaSODOOoooooggoo
gobooooboboooboooobooobboooboobbooboooobooboooobboooogoon
o000 OMOoOooooDOoOO00o00oooODO0O0O000obDOoODbO0O000nO LaFesSys[8l
O MnFeAsysPoss[9] OO OOOOOOOOOOOOOOOOOO

25



5. MnAs,,Sh,0 .000000C
MnAs,Sh,O0ODOO0OO00000000000000000000000MMO SSO00000000
000000000000000000000000000O0ONONONNNNonooooooooonn
000000000 XO0O00000000000000 MnAs,S,OOOOOOOOOO0O0000o0
0000000000000000O00O0O0O0O0O0O0O0OOOOOOOoOooOoOooOnO NiAsO
0000 MPAs000000000000000000000000000000[10000000
00000000000000000O0O0O0O0O0O0O0OOOOOOooOooooooooooooonon
00000000000OMnAsDO SO000000007.0000000000000000000
000 700MmAsLSKO TcO0OOO0OO00000[710000000000 T.O xO0OOOOOO
000000x0400000000000000000MnShO MnAsOOOOODOO NiAsOOO
000000 TcO 600 KOOOOOOOOD SO As00000000000000O0nonn
00000000000000000000O0O0O0OO0ONOOOONOONNOonooooooooonn
00000000SO0000 T.000000000000000000000000 T.0000
0000000000000000000000000000000000000 MnOOO000OO
000000000000 80 NIAsDOOOOO0O000000000 NiAsOOOO MnOOOOO
0000000000000000000000 NiAsOOO MnShOOOO0O0O0O0O00O0O0O00OO
Mn.:Sb0 800100 000000000000000 MnOO 8000000000000 0OOOO
000[12I000000 MnOOOOOOOO0OOO MNOOOOOOOOOO0OO0OO0O0O0OO0O0O[1300
0000 MnAs,S,00000000000000T.000000000000000000000
000000 MnAs,Sh,DJOOOODOO SO0D0000000000000000000O MnO
00000000000000000000000000 MnAs,Sh,OO SSOO0O0O0O0O0O0O0O0O0
OMNOOOOOOOMnOOOOOOO0OD SO0000000000000000000 MnOO
00000000000T.00000000000SO00000000000000000 MnOO
000000000 TeOOO0O000000OMnAs, SO0 T.00000000000000000

6. 0Oono
OO0DO0O00000ODOmOoooooDoOMPAS,S,ODOOOO0O000DODOO00000DOD
goboooboobboooboobboooboobboobooobbooboobboobooon
vgogooooobooboooooooooooboboobooooogooooobobooboboooooooooon
goooobobboooooooobooooogoobobobo o AMR OODDOOOOO0OODODOOOOOO
gogooooobooboooooooooooboboobooooogooooobobobooooooooooon
goboooobooobooobooboooboobboooboooobbooobog AMRODOODO
gobooooboooboooboobooooboobboooboooboboooboobbooobogo
gobooooboooboooboobooooboobboooboooboboooboobbooobogo
gobooooboboooboboooboobobooboobboobooobooboooobboooogoon
gobooooboboooboboooboobobooboobboobooobooboooobboooogoon
gobooooboboooboboooboobobooboobboobooobooboooobboooogoon
ooooooooooobboobooogoooooobooboooooooobobobob 200000
ugbobobobobooboobooboooobooobogaboon

26



gobooooboobobobooobooobobbbooboooobboooooobbooooboo
ASsO0000000000000O0DODODOO0000OooObOobOoODbOOO000ooooObDODbObO0On
LTMOO0O00D0O0D0O00O000 sQuUIDOOO0o0o0oOoOo0000omoo suIbooooooon
googboiwtrmMobooboooooboaoboooon

T T T T T T T T T
MnAs,_,Sh,
300 ° present work -
after Ido et al.
<
[©]
i >
250 . ( ! | ) c
@ Q regular Mr
___________ Lo——— @ excess Mn
200l e I -
0 0.1 0.2 0.3 04 0.5
X
O7 MpAs,Sh,OOOOOOO T.OOOOOO0O 08 NAsOOOOOOO

oo oad
[] D000, 000000000000 77,22 (2000).
[2] C.Zimm, A. Jastrab, A Sternberg, V. Pecharsky, K. Gschneidner, Jr., M. Oshorne and |. Anderson,
Adv. Cryog. Eng. 43, 1759 (1998).
[3] DOOODOOODOODOOON d http://www.chuden.co.jp/press/datal/pre2002/pre0303_01.html
[4] H.Wada, S. Tomekawaand M. Shiga, Cryogenics, 39, 915 (1999).
[5] V.K. Pecharsky and K. A. Gschneidner Jr., Phys. Rev. Lett. 78, 4494 (1997).
[6] H.Wadaand Y. Tanabe, Appl. Phys. Lett. 79, 3302 (2001).
[7] H.Wada, K. Taniguchi and Y. Tanabe: Mater. Trans. 43, 73 (2002).
[8] A.Fujita, S. Fujieda, K. Fukamichi: Y. Yamazaki and V. lijimaMater.Trans., 43, 1202 (2002).
[9] O. Tegus, E. Bruck, K. H. J. Buschow and F. R. de Boer: Nature, 415, 150 (2002).
[10] T. Goto, M. I. Bartashevich, K. Kondo, K. Terao, H. Yamadaand H. Ido, J. Alloys Comp. 325, 18 (2001).
[11] H. Ido, S. Yasuda, M. Kido, G. Kido and T. Miyakawa, J. Phys. (Paris) Collog. 49, C8-167 (1988).
[12] I. Teramoto and A. M. J. G Van Run, J. Phys. Chem. Solids 29, 347 (1968).
[13] Y. Yamaguchi, H. Watanabe and T. Suzuki, J. Phys. Soc. Jon. 41, 703 (1976).

27



gooood

gubooogoobooodd

gooobooooboooboobboobobbooboobooboobooboboooboooobooo
gboobooboooboobobobooboboob 20b0sQUIDDbOOooooogoobbooooon
ggboboboooooboobbooobooooobb 200000obooooooobboooooooo
O0i100@Eopsoo@Eno)moooEo)yooooomooboooobooobo0oo0n sUID
gobobbooooobobbooooobbbooooobbooobbbooooooboobobbooo
ugbooooboboobooooooboobooooboboooboobooooooooboooooboo
odoooooooooooobbbobobibooooooooooooooo

gb0o bOOooboooboobooooboo
20

sQuIDDODOO0oooooooooon
oooOo00oDboO 2000@DOboOO
oooooooOoo)yooboooooo
gooooobboboobbboooooo
001w o0obooooooooobooDo
gboooobooboooboobboo
goboooboooboboooboooog
goboooboooooboooboobboboo
ggooooooboboboobobbbobooo
gooo

ugbb OOo00o0oooogd

gopoooobodboorobOogsoooooooboLmMiboobbooobbooobooooboooooo
gobooobooooooboooboobbooboooboooboobboobbooobooobooo
gbobooobbooobo egoboooobooobboooboobooobooobboobmoogosegd
007 DOODOObOLT™M Dbhooobooboooboobooobooobooobooobooobobooon
LiMOOooooooomMibooooooboboobboobooooooooobobobobobooboo
goooooboboboboobobobobooooboboboboobobobon

gbooooboobooboooooboon

oD OOoOUbbOOoOoUobbOOOoUobbObOUOobbOoOoOooDbboOO

bbb oOoUoobboOooobbOOooobboboooboboboOooooboboooo

ooz ONMROXODDOOOOODOOOODOOOODOOOODOO

o300 0UbobbOOoobbOOoOobobbDOoOoOobbOOoooDD

o400 0O0DOO0ONMROOOOODDODOOODDOOOODDOO

s ObO0obobObOOoobbbOOoooboOoooboboOoon

28



o0 O0OO00ODOOOO0DOOOObLDOOOObOLOOOObODbOOOObDOO
cor0DD0000lDbDO0O00bDDOO0ONMRONQROOOOODODOOO
gbooooboobodaoo

gobooor0O0gobo NMROODDOOOOODOO

OoOOoOO0OOOsSObO@Euooo)yodo

uboboboobooooobobooa
gbooooooo,ooboobonbobo
goobooooooobooog, 20goo
gooooboboboooooobbooo
od

oooboobooooobooooooooobboooooo

ooooooboboooooooobob 1400000000
oooooobon0 3sboobog sQUID U000 Quantum
Desgn MPMSSO OO O0O00OOO00ODOOOOOOOODDOOO
O0000000000000000 1x10° 0 3x 10°emul]
ooogoo 5Ti00o0oooon 20 400K00000O0O
0og g sokKoooooooooooooooooooooo
googooboboboooooliooob 1oL 0000D
gooooobboooooooooobobooooooooon
ggooobobobooooooooobbooooooobboooo
00 s oguoooooooooooooooooo o
oooD 43570000000nooog




ugoogod

OO00O00o00o0ooobobobooooon
The Low Temperature Physical Property Measurement under the Uniaxia Strain

gogo
gogbooogbobd

Mitsuhiko Maesato
Graduate School of Science, Kyoto University,

1. 0000

gboobog,gooboubobooboboobobooboboobob, boboobo
uobooobooooboobooobbooboobboobooobooobooob.obooon,
gboboobobobobobobboobboobooboobooboo. obooboobooboobooo
ggboooobobooobooob, bbb ooobooob.boo, 0oboboobooboooob
ggoooobooogoobooooo. ogoobobooooooboboboooooobobobooooon
ggooboooooboo.b0boooboooobobooooboboooobo, bbooobboooob
gobogooooooboob. gooooboobobobobobo.oboboboboo,oboboo
googoboooobooboobooboobobooboboobobo, obooboboOo. oo
u,goobobobobooooo, boboboooob, obooooooboboboboon
gboboobooboooooboobooboob. oo, opobooobooboobooboobooobooon
ub,boboboobobooooboboooboobobo. obobooboobo,0boobooboon
uoboobooooooboooboo.obob, booboooboooboobooboobooobooobooon
oooooooooobooboobooboobooon L2 000o0oogoo.

2. 000bo0ooooboogooo

googogd, oogogoooooooboooo, bbboboo0oooooooooobobobobo
gobod.obo,0oobobobobobooboooobg, booooooboboboboon
gob.oobobobobooobo, oboboboooooobobobobobooooboo, boo
gobooobooboobooobooboobooboobooboobooboobob.bobooo
uobooooooooboooboooobbooboo. booboooboboobooooboooooon,
gobooobooobobobboboobboobooboooooboooo. ooboooboooobooon
gobooobooobobboboobbooboobooooobooooooobooobo.oboobooon
uobood, boogoobooobobooboo. ooboooboooboooboooboooboa,
ubooouogobooboboboboooo. oo, gbooboooboboooooon, oo
gbobooboboooboobooboboobo, gboboobooboooboobod.

30



2-1 00000

ugboo, boboboboboooobobobobobobobooo.ob,00b040bg
gooooobooooooboboboooooooboboboo0ooo, ooooboboboo0oooobobobob0on 1
Udll. Joogoo,1s02owmibO000o0ooooooooooooooog, ooooooooo
gogoo.oog, bobobooooobooooooboboooooobobboooo. boo, ooo
gogoooooooboooooooooooboboooooogooooobobooooog. oooo
ogogoooooob, ooooooooooboboooobooogo. oo, boboooooooooo
gboboboboboboboboboooooo, ooobobobobobobobobo
00 10&n . gooooobooooo, oboboobo 12ee0 0000, ODOODODOOODOOO
gboooooooboobooboboobooob, bobobobooo.ob, 00boboboboon
umooooooobooooooobooooooooomooooooooo. bbboooa, o
uooooooboooo. oobooooooooboooooooboooooooboooooooooa,
oooooooooobooooooooooobobooobo.obboobbo 1266000 DO0O0O, 00O
ooooooooooboooo. bbb, o00bobbbo0bg BeCub O OOOOO0OOO0O0O0O00OO
oooOOO0oOoOoOoooDOOOo0O01opm. OOoODObOO0o00oobO, ooobbOoooooboo
ugbd. oo, 0oouobobobooboboooooobobooob, bobobobooboaon
goboogo,gooogooboooooooobooobooooboooboobooobooboo. oo, oo
ogoooooooboooooboooobooooobobooooooboo

(a) EX X1 (b) -!:b- hirE

T oi— W R e—

-— il

01 @ OOOoOoOoooooOoObObOOObObObOOO.cooobobooDooDooDO
000000000, 000000O0b000ooO. BeCcuOOOOOODODOOO
goboobooboooboobooboobobboobog.

22000000

gobooooboooboooboobboobooooboboooooob. oboooboboooboo
u, bogobouoboooboobiboooboobbooboooboobooobbo. bogo
gobooooboooboooobog, booboobboobooobooboooobboooo. o
ooogog, boboooooooooooobooboobooooo. goo, bz2o0b0000000O0oOOO

31



uob. goboooboooobooobbooboobboooboooo, oobooobboooogoo
ugoood, boobooobooboboooboobboobog. boobooobbooobooo
goododeeCuO0O0OO0O0OOoOoOOOODO. OO00O0O0OoDOOOODO32mmOOOO0O0O00OO
ooooa22mmUioooooooooog, ooobobbboooodooowoooooooooo
ooogooooobbo. oo, go1wosmmiOo0ogoooooooD 7mmO000000DO
ooboo0oooooobb. Dooooobbbo 1wokeer DODOOOOOOOD. OO, OOODD
OD0000000 *He00OO0O0DO0OOO0DOOOOO, 005K O00000000000O00OO.
gooo, Doobooo bDeEMNUMDODODOODDOOO

jooKOOooooobooooobo, obooboobooo BLE 5 U b 5

gooooo.

02 00000000O0O0O.BeCuOOOOOO
oooooooooonD 122mm, OO 32mmO 0O
ob0,0b00ob0oboobooboo.ooboon
gobooobooooobooobboooboo
gooooboo.obgobg, boboboooo
gobooooooooo.

i
3. 0ogn

OO0, Jgo0oooooOCoCOcOoOo0o0gooooooobooCobooOo0o0dn, 2. ooooooo
uboobooobobobob, boboooooooooooooboobobobobooboo. oobo
OARROOODOODODO e(=ALL)O0DOOO,
ARR=¢eKOOO, KOOOOOOOODOOOOOOO

0.02

0000000000. 0000000000000 ﬁ?am,ﬁq;a;ﬂﬁwkéﬁ&A
00000 KAL-02120C160 00 KFEL2120C100 & ol "ot ey, o
00, 0000000000000000000000 = gl e,
0K=2000.00000000000000000 ool T

00, KODOOOODOO0O000, KO 100 200 ool :}hA
N000D0000. 000000000000 300

U. oogoooooo, oboooboooooooon
gooooooodb. oobooboo4KOOOO
U, bgobooboobboobuoobooaonbobg
ubooooo, gobooboboooboa, ooobobo
uboobooobooboobboobuoobooboaonog
ubo. 0obg, boaobboobuoboabobdg
ubooobod, gobboobudoboabobdg
ggoobobooboobouoooaa. ooooooog,

32

-0.10

0 3 D0obbooobbooobboo
gooobooboooo.ooooooo
go, b00ooooobooooonoo
gboooooobo.obogoobo
DEMNUM.



ubobooboooooooooobooooooaa.

000000000000000000, ot |

= 3000f B=12T | b ]
a~(BEDT-TTF);MHg(SCN), [M=K, NH,]0 [ = T=1.5K f@ooOkbar f%’ i1

o [ 3 ke
000000000000000[3. 000 o0k /L /W el
00, BEDT-TTF 000000000000 2 et

o ; £y
00000000000000000000 £ 10000 A {7510 YA'S
D000000D0. 00000000000 S by yootd
D00000000, 0000000000 =

0 I I I I I
-90 -60 -30 O 30 60 90

gopoogo, Koo 8sKOooooooo Angle 0 (degree)

uoboooboboooooboboooooon

0D00D00MEo00, 00DNHOOD1K g4 gpooo a0000025 ka0 00000
nooooboobon.onooboon o-(BEDT-TTF),NH,Hg(SCN), 0 0 000000000
booobobdob, ogooouoood 00.0000000000006=0000 a000
pobooboooobbddobbbbdl.  pgpooooo.00o0,000000000000

oboobooood NHDO000, 000 O00000025kbad 000000000,
00 ¢c0000000D0000ODOO00

dddeKOOOOO,bboooooOoooooooboboobooo. b, 00000 agooooo
ooogoooob, ogooooobbobooooogooo, Koooogooooooob iokKOOO
gobog.obogboobooboobooboooobooboooboboooboob, bobooboon
gobooobooboooboooboooboobboobooobboobo.boobog 40
gbo.boobooboobooboobooboooobooboobobog, oogboboooboon
ooooODOOoObOOOO0000000000oOoOob0. Doo00oUoboOoEuuOoOoOgg. ad
uboboobooboooboobooboobooobooboobo, obobooooboobo.oooo
oo00, 00000000000 dabO0000O0OOODOOOOOOOODOOOOOOOODO
O.00,KO000D0O0O0O0O00000000000000OO0OO, 00O oboboO dab
gbobooboboooboboubobooboboobg so.

HRERERE IDDDD | HRERE o/
AT A » Ca

< KO
<— NH,O

05 a-(BEDT-TTF),MHg(SCN),[M=K,NHJ0 0 000.KOOOO NH.0000000000000
0000000, 000000000000000000000000000.

gooobobooobooboobobooboobooboobobooboboo.bo,0bod
gobooobooboboboobooboobooboobooboooboooobo, oboboooboobooon
O XOOoOOoooooo,ooooboboooooors. 0 egoobbobbooooo, ooboo

33



ubobooboobooobooboobob. bobooobooobooobooboooboob, bobooobooon
ocooooooobooobo. oo, bobooboOoDODbDODODDODODODODODODODOEuOoOoOOoog.

4. O0ooOoOoooob

0.002 T T ; ; 0.002
U v 0.000 f---emmsmmcscra ezt
o002 . T s O o002
O O
o -0.004} O -0.004
O O
-0.006} -0.006}
O —-m-a O ~m-a
O -0008f | A}, O -0008f | A
O ‘. O N
o -0.010p [~v---¢C - -0.010f |~v-c v
-0.012 A A A A -0.012 A : : A
0.0 05 1.0 15 2.0 0.0 05 1.0 15 2.0
al000O000 (kbar) cO00DDDO00 (kbar)

06 000000000O0OOOa-(BEDT-TTF),NHHY(SCN),O0 a0 DDa0000 cO0O0OObO
goboobooobooobooobooooooo.

ooboo, oobbooobooboooboboobooobooobbooobobooooboooboboooD.
gooobooo, ooboboobobooooboobooobobooboobo, 0boooboon
gooobooboooboobog, bboboooobooboobobooooboobobo. oo
gobooobooboboboobooboobooboobooboo, obooboobooboooboobooon
uboboobobooobooboobooboobooobooob. ogoboboooboo, oooobooooon
goooooooooboooooooooboobobooob. 0000 sQuib oooooooooo
uobooooboooooooboooobo, oboobboobooooboooboooobboooogoo
gooogoboo. oo, boobooobooobboobog, booboobbooobogo
oood. obo, NMROOOO ESROOODODOOOO0OOOOO, ODbbOOOO0OO0O00ooooon
ugobogobooboob, boobooboooooobooo. oo, oboooboobooobooo
ogooooboooogoob, ogoobbooooobobooooobbboooooobobooboooooon
oooo.

oo, 0oboboooobobodobobo, obooboobooboboobooboobog
goooboooooobodg. booboooooboobooobooboobobooboobo.

o oogan

[1] M. Maesato, Y. Kaga, R. Kondo, S. Kagoshima, Rev. Sci. Instrum. 71 (2000) 176.
[2 00000,0000,0000,0000,0000000 O540 0O 1200199907 969.

[3] M. Maesato, Y. Kaga, R. Kondo, S. Kagoshima, Phys. Rev. B 64 (2001) 155104.
[4 000000D00O00000D00ODO0O000000, XO00ODODDOOoooooooooooooo

34



000000000000, 00000000000. P.Foury-Leylekian, S. Ravy, J-P. Pouget, H.
Miller, Synth. Met. 137 (2003) 1271.
[5] R.Kondo, S. Kagoshima, M. Maesato, Phys. Rev. B 67 (2003) 134519.

35



000 0O0000O0000OO0DOO0ODoOoOooOooOoboOobon
Stay at National High Magnetic Field Laboratory in Tallahassee, Florida

ao 0O
gboogbooodgbobd

Satoru Nakatsuji
Graduate School of Science, Kyoto University

ooboo 200,000000000000D0000DOO000DO0OODOOODODOOLODOO
uobooobobooobooobboooooooboo. oobbooooooobo, boobboaooboooo
O, Zachary Fisk 00O O0O. 0000 UPUBesCeMIn(M=Co, Rh, IO, OOOOOO0OO0OCODOO
ooobooooboog.

oooboooooooooobooo, b0o0bbb0o0 10 booobbooooboooob.
ggooooooboooooboooo, ooboooobobooooobbo.bbobooobobooooob
ogoooooooboooo,ooooooobobooooboboo, ogobbooobobooooob
ogogoooooooooobb. ooooooooooobooboooooooooooboobooo, booob
ogd30000, 0000000000000 150, 250000000000000. 000 150
goboooboobooobooobbooobo, boob0 1000 1000b0o0ob.bod
goooboooooob, booboboobooobooboobobon, oogbooboooboon
gbooooog. boboooobooboooboboboboooooooboobob, bono, oo
ubobooboobooboobooboo, dboboobobooboobobooobooobood.

gboobooguobooboboobooboboobooboobo. obooog
oooooooo 3o 1000o0ooob,003b0b100000o0oo
od,bboo3bb1oooobbooboooooo. 0boooooooooon
00000000, Condensed Matter/Theory DO OO 0ODOOO, DOOOOO
000000 Robert Schrieffer 0, D OO0 AGOOODODOO Lev Gor'kov [0,
OooO0o00oooooDbbO zechay FiskO, OO0O0O, O0OD0OOOO0OOO
OOO0O0OO0O0O0 HEbioDagetto OO OODODDODDDO.

gooooboobooobogobog, bogboobooog.ooo, o
gboobooobobooboboboobobobooooobooboon, b
goboobooooboooooboono, ooboboobooba.

gboboobobobbobobobboooboooobo.
obpoobboobbooboobbooboobooboobooboo
gboooboobooboooboo.

36



3pboooo0oooobooboooboobooogoooooboobooo, obbobbbobo0ooooonD. o
OO0D0O0O00000,0000DO0 LuisBdicasD O O CeColns, (Ca,S)RuO, YbInCu,, DO ODOODO
ooDOO0OooOoooDDOD. zechay FiskODOOOOOOODOOOOOOOODOOOOOOODO
oob,0bboo0oooooooboooooooooooobooobo0oobo0ooboboog, oo
oopoo. 00O AkDOO, D0000000DO, DODDOOOoOoOoobooODbOOO, 0ooooboD
goboooboobobogoob.oboooboooob, b0, 00booboobobooboooboo
ooo.0gobooooobooooobobooooobooooobobobooooboboooooobobooo
oo00O0O.000000000ODOO00000OC0ODOO00000O, 00 lkbbOOoOoooooo
ooooboobooob, cgboboobooboboboobooboobDoboboboobUobbgnDo
FkDDODDDDODODDDODDODDODDD.

ooog, ooo0gooooobob, oooob, 00, bo0oo0o0ooooobobobobooboobo0oUo
ooo.ooooo,bbboobo0ooooooboboboboo suooobbbobooooonoooo
ooooo. oo, nooo0ooooooooo d400gooooobobooooooooooo
ooooooboboog, boooooooboooooob. oo, 4 0o0booo0oooobobooogg
ooogooo, ogggooooooo,s2000b0bbboo0o0o0oo. 0booooooooon
gogesonb0b sgoggooooooobo.obobbbobo0ooog, booooooooo
ooogoooooobobooboooooooob, oooooo, booogooooooboobboobo.45
oooggoosggogooooobooboooooogoooooobooooooooooooooobooon,
oobooooboobooogo.obooobo, boboooboooooboobooooboon,
O0D00O00. 000 Webste http://usersmagnet.fsuedd/C 00000000000 0O00OOOCCODO
oooooooooo.

oo, boooboooboogo, oo oo, obobog, oo,
ggooboooooobooooobooooboo, booobobooooboooobbo. bbooooo
ooooooooooooooooooooboooboon
gboobobobobooo,boboogoooo.
ggobooooobooooooooob, oooo
U, 00bo0obogb, bboboboooboooon
goboobooooooob, boobo,00ob0
gooobooogoboboooboobooogobo.
g, 000booooobooboooboboooooon
ogooboooo,oooboooooboooooon
oooboooobooooboooooo.

gobgboooooobboog,oooobbo
0oooooboobogo 1s0ooboon
gboooobbooogno.20030 sOoOoooO
ooboooobobooo 2300000000
goooooooo.

37



guboguboodoo
g o o o o 0

Jobobogguboooooaguon

00020030 100 280000 OO 40050 300
doooooogsdn ooood 43900
goooo o d
0odooooooooooooooooood
0 O O Low Temperature Magnetization of the Heavy Fermion Superconductor CeColns
oo

We present low temperature dc magnetization measurements on the layered structure heavy fermion
superconductor CeColns with T=2.3 K, revedling afirst-order phase transition (FOPT) at the upper criticd field
Hc, for both H//a and ¢ axes below 0.3T [1]. The M(H) data at 1.6 GPafor H//c still shows aclear FOPT at He,
although the superconducting condensation energy significantly decreases. We aso found an unusual pesk effect
for H//c and the FFL O phase transition for H//a, which was recently observed in the specific heat measurements
[2]. Possible physical mechanisms of the observed phenomenon will be discussed.

[1] T. Tayamaet al., Phys Rev[ B65, 180504 (2002)01
[2] H.A. Radovan et al., Nature 425, 51 (2003).
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0 O O Prof. Callin Broholm
0 O O Department of Physics and Astronomy, Johns Hopkins University
O O O Imaging the Quantum Interference of Cuprate Qnasigarticles
000

Magnetic materials generally develop long range order at temperatures similar to the characterigtic
spin-interaction energy scale. However, weak connectivity and competing interactions can suppress static spin
order and giverise to qualitatively different strongly correlated states of matter. | shall discuss neutron scattering
experiments that characterize such nove phases in illustrative model systems of varying complexity. The focus
shdl be on lattices of corner-sharing ssimplexes wherein the dominant interactions can be satisfied without long
range order. La,CusMo00O,, for example contains a lattice of weakly interacting copper spin triangles [1]. Pulsed
neutronscattering experiments show that inter-triangle interactions are satisfied through adoption of a Kramer's
doublet ground state. A phase trangition to long range order amongst the residua composite spin was detected at
temperatures more than two orders of magnitude below the characteristic exchange energy.
Quasi-two-dimensiona  SrCrg,Ganx.g0019 [2,3] and QS-Ferrite [4] both contain triangular latticelayers
sandwiched between two kagomeé lattices. Samples studied sofar do not achieve long range spin order at any
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temperature. Instead there is local order within simplexes and the spin relaxation rate decreases with T until a
spin freezing trangtion a a few percent of the CurieWeiss temperature. ZnCr,O, is a cubic lattice of
corner-sharing tetrahedra with substantially more complex behavior. We show that tetrahedra that are connected
to form hexagons develop fluctuating spin director degrees of freedom. This spin director paramagnet is
however unstable towards a lattice deformation that relives frustration and enables long range spin order.

1.Y. Qiu, C. Broholm, S. Ishiwata, M. Azuma, M. Takano, R. Bewley, and W. J. L. Buyers, cond-mat/0205018.

2. S. H. Lee, C. Broholm, G. Aeppli, A. P. Ramirez, T. G. Perring, C. Carlile, M. Adams, and B. Hessen,
Europhys. Lett. 35, 127 (1996).

3.S-H. Lee, C. Broholm, G. Aeppli, T. G. Perring, and B. Hessen, Phys. Rev. Lett. 76, 4424 (1996).

4. G. Gasparovic, S-H. Lee, C. Broholm, and R. J. Cava, unpublished (2003).

5. S-H. Lee, C. Broholm, W. Ratcliff 11, G. Gasparovic, Q. Huang, T. H. Kim, and S.-W. Cheong, Nature 418,
856 (2002).

6. S-H. Lee, C. Broholm, SW. Cheong, T.H. Kim, and W. Ratcliff I, Phys. Rev. Leit. 84, 3718 (2000).
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0 00O Dr. RA. Borzi and Dr. SA. Grigera
0 O O University of St. Andrews, Scotland, UK
0 O O Quantum criticality and metamagnetism in the Ruthenate SrsRu,O;
aood

Quantum criticality may provide a unified framework for understanding many facets of strongly correlated
electron behaviour of solids. Furthermore, entirely novel behaviour is often seen in the close vicinity of quantum
critical points. In thistalk wewill discuss the bilayer ruthenate metal SrsRu,O.

We will show evidence for the presence of a magnetic-field-tuned quantum critical point and discuss the
nature of such a point. In addition, we will show the presence of unusua properties that become much more
pronounced as the disorder level is reduced.
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0 O O Professor Sankar Chakravorti
0 O O Indian Association of the Cultivation of Science, INDIA
O O O Effect of hydrogen bonding on excited state charge transfer dynamics
oo

Since the observation of dual emission of 4-N,N,-dimethylaminobenzonitrle (DMABN) by Lippert et d and
the subsequent explanation of dua emission in terms of Twisted Intramolecular Charge Transfer (TICT) and
Localy excited date (LE) by Grabowski et da, lot of interested was generated in different laboratories
investigating this molecule and a so other molecules having a donor and acceptor moiety connected by essentid
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single bond. Myriad of experimental and theoretical results on the ICT nature of DMABN have aready been
published. Though three different mechanisms viz, TICT, PICT and RICT have so far been proposed but the
former one is popular. Whilst much work continue to concentrate on determining the structures of the LE and
TICT dates, the precise nature of the difference between the properties of the excited state in protic and aprotic
solventsis little understood. For example, the fluorescence quantum yield of DMABN in protic solventsis lower
and the fluorescence spectrum is further red shifted and broadened, relative to aprotic solvents of same polarity
and the fluorescence decay kinetics are difficult to interpret. The present talk is addressed to this problem relating
to our results on 4 N,N-dimethylaminocinnamaldehyde (DMACA) and aso some other important results in this
context.
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O O O Prof. E.V. Sampathkumaran

O O O Visiting Professor, ISSP, University of Tokyo, Tata Institute of Fundamental Research

0 O O Magnetic anomalies and geometrica frustration effectsin spin-chain oxides of the type, AsMXOg
aoog

We have been investigating a class of spin-chain compounds of the type AsMXOs, derived from K,CdCls type
rhombohedral structure, and found many interesting magnetic anomalies. All these results will be reviewed.
Particular emphasis will be placed on CasCoXOs (X = Rh, Ir and Co) serving as new examples for spin-glass
behavior, that too of an unusual type, among stoichiometric compounds due to geometrical frustration effects.
Creation of disorder by chemica substitution (say, by doping Mn for Co) restores long range magnetic ordering
(exactly opposite to what has been known in magnetism till to date), as though the geometrical magnetic
frustration is released by disorder.
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0O O 0 Dr. M. E. Zhitomirsky

0 O O Theory Group, SPSMSDRFMC, CEA-Grenoble, France

0 O O Geometricaly frustrated magnetsin external field
oo0o

Applied field has dramétic effect on magnets with geometric frustration. We compare finite-field behavior of
severa frugtrated magnets including classical Helsenberg antiferromagnets on kagome, garnet and pyrochlore
lattices, and XY checker-board antiferromagnet. The thermd order by disorder effect  stabilizesin these strongly
frustrated magnets a number of unusual phases: states with triatic (third-rank tensor) order parameters a low and
high magnetic fields and collinear spin-liquid states at one-third or one-half of the saturation.

The quantum order by disorder effect is examined for the high-field phase transition from the saturated state
for the frustrated square lattice and the face centered cubic lattice antiferromagnets. In the fully saturated phase
the magnon spectra for the two models have lines of minima. Transition into partially magnetized state is treated
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viaamapping to Bose condensation of single-flip magnons with anomal ous dispersion. The asymptotic behavior
of the magnetization curve differs dgnificantly from that of conventiona antiferromagnet in d-spatia
dimensions.

We a so examine the magnetothermodynamics of a number of frustrated magnets. The field induced adiabatic

temperature change is significantly larger for such systems compared to ordinary non-frustrated magnets and also
exceeds the cooling rate of an ideal paramagnet in awide range of fields. An enhancement of the magnetocaloric
effect is related to presence of a macroscopic number of soft modes in frustrated magnets below the saturation
field. The obtained results suggest that frustrated magnets can be used as novel refrigerant materials in adiabatic
demagnetization refrigerators. Analytical predictions are confirmed with extensive Monte Carlo smulations.
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0 O O Dr. Alexander Gabovich
O O O Ingtitute of Physics of the National Academy of Sciences of Ukraine, Kiev, Ukraine
0 O O Spin-dependent tunnel currents in junctions between ferromagnets and normal metals (superconductors)
with charge-density waves

aoog

A new experimenta scheme to study a spin polarization P of ferromagnetsis proposed. Specifically, normal or
superconducting metals partially gapped by charge density waves (CDWSs) are suggested as a probe of P while
measuring dynamic conductivity G(V) of tunnd junctions between CDW metals and ferromagnets in externa
magnetic fields. Caculated G(V) ae subgtantiadly different from those in the case of the
superconductor-insulator-ferromagnet structures, being well-known probes of P. The exigting variety of CDW
substances with critical temperatures and energy gaps substantially exceeding their superconducting counterparts
condtitute an advantage of the proposed set-up.
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OO0 Dr. RobinPery
O O O International Innovation Center, Kyoto University
O O O Consequences of proximity to a metamagnetic quantum critical point
- Anomalous behaviour in Sr3Ru,O7 -

oo

Quantum criticality is currently generating large interest in the solid state physics community because of its
potential to describe strongly correlated electron systems in a wide perspective.  Novel electronic states of
matter, for example unconventional superconductivity, have been observed close to quantum critical points.  In
this seminar, | present the latest data on the ultra-pure single-crystals of SrsRu,0O;, which is close to a
metamagnetic quantum critical point. We observe dramatic and unexplained behaviour in the bulk properties
close to the critical field; a broad peak in the resistivity that is bounded by first order phase transitions.  This
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anomal ous behaviour is enhanced as the disorder level is decreased suggesting that it isintrinsically eectronic in
nature and not a consequence of impurities.
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0 O O Christopher Bauerle

0 O O Low Temperature Research Laboratory, CRTBT-CNRS, BP 166, 38042 Grenoble Cedex 9, France

O O O Electron Coherence in Mesoscopic Kondo Wires
oo

The understanding of the ground state of an electron gas at zero temperature is one of the magjor chalengesin
Solid State Physics. For along time it has been known that such a ground state is well described by Landau's
theory of Fermi liquids [1]. In this description, the lifetime of quasiparticlesis infinite & zero temperature, as
the coupling to the environment tends to zero. Alternatively, in mesoscopic physics, one key physical concept is
the phase coherence time, i.e. the time an dectron can travel in a solid before it looses its phase coherence and
thus its quantum, wave like behaviour.  Such a decoherence is due to inelastic processes, like electron-phonon,
electron-electron or eectron-photon collisions. It has been shown by Altshuler and coworkers [2] that the phase
coherence time diverges at zero temperature as electron-phonon, electron-electron and electron-photon
interactions all go to zero at zero temperature. However, recent experiments on metallic aswell as semiconductor
wires suggest that the phase coherence time saturates at very low temperature [3].  Following this work, it has
been argued that the observed saturation is indeed universal and intrinsic, and due to electron-electron
interactions in the ground state of the Fermi liquid [4] which has sparked a relaively heavy debate in the
mesoscopic community. More recent experiments invoke the coupling to magnetic impurities as a possible
source of the frequently observed low temperature saturation of the phase coherence time [5-7]. In thistalk we
will review shortly recent experimental progress on the dephasing issue. In particular we will concentrate on the
influence of magnetic impurities on the phase coherence time in mesoscopic quantum wires. We will show that
the interactions between the magnetic impurities even in very dilute systems lead to a saturation of the phase
coherence time at low temperatures [6] and are hence important for the issue of eectron coherence in metallic
conductors.

[1] D. Pinesand P. Nozieres, The Theory of Quantum Liquids, W.A. Benjamin (1966).

[2] B.L. Altshuler, A.G. Aronov and D.E. Khemelnitskii, J. Phys. C 15, 7367 (1982).

[3] P. Mohanty, E.M.Q. Jariwalaand R.A. Webb, Phys. Rev. Lett. 78, 3366 (1997).

[4] D.S. Golubev and A.D. Zaikin, Phys. Rev. Lett. 81, 1074 (1998).

[5] F. Pierreand N.O. Birge, Phys. Rev. Lett. 89, 206804 (2002).

[6] F. Schopfer, C. Béuerle, W. Rabaud and L. Saminadayar, Phys. Rev. Lett. 90, 056801 (2003).
[7] A. Anthore, F. Pierre, H. Pothier and D. Esteve, Phys. Rev. Lett. 90, 076806 (2003).
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00O 0O Pr. Tee Won Noh
O O O Schoal of Physics, Seoul National University, Korea
0 O O Optica Investigation on Metal-Insulator Transitions (MIT) of Pyrochlore transition metal oxides.
000

Using optical spectroscopy techniques, we investigated optica properties of some 4d transition metal oxides,
including R:Mo,O; (R=rare earth metas) and (Bi,Y).Ru,O;, which have interesting MITs. In spite of the
extended nature of the 4d orbitals, we found that the electron-electron correlation could play important rolesin
the MITs. By comparing the optica responses with numerous Hubbard models, we will dso discuss on the
importance of orbital degeneracy and geometric frudtration in the MITs observed in these pyrochlore
compounds.

000220040 20 60000 OO 300
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0 0O O Pr. Oscar BERNAL
0 O O Vidting Associate Professor, Internationa Innovation Center, Kyoto University, Associate Professor,
Department of Physics and Astronomy, California State University, Los Angels

0 O O Hidden Order/Disorder at Ambient Pressure Sampled by NMR in Powdered URU,Si,
aoog

Below the hidden order transition temperature Tg~17K, ambient-pressure ©Si and ®Ru NMR spectra in an
aligned powder of URu,Si, reveal local internal field distributions at both S and *Ru sites. From temperature
and applied-field orientation studies, we find that the internal fields are isotropic at the *°Si sites, but anisotropic
at ®Ru positions, being larger in the ab-plane. The temperature dependence of the internal field distributions is
found to be different for different field orientations also. While the ®Ru spectra for a longitudina field
orientation display a minority ferromagnetic phase, this phase is not seen in the corresponding spectra for
perpendicular geometry. The majority phase in the *Ru spectra also appears to change differently for different
field orientations. We propose disorder in the non-magnetic sector as away to understand our measurements and
at the same time reconcile them with the occurrence of atransition to hidden order.
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