(®)
2012 2014

Low-temperature high-sensitivity magnetization measurements on tiny single crystals
of quantum magnet systems

Sakakibara, Toshiro
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Low-dimensional quantum spin systems and strongly correlated electron systems can
quite often be obtained only as tiny single-crystalline samples. In this project, sensitivity of the
low-temperature magnetometer, which the present principal investigator has been developed, is improved by
a factor of 100 to be able to measure those tiny crystals. Some selected achievements: (1) Field and
temperature variations of the magnetization of a spin 1/2 one dimensional Heisenberg antiferromagnet
CuPzN are confirmed to precisely follow the predictions of the exact solutions. (2) Magnetization of a
high-quality single crystal of Sr2Ru04 in a magnetic field applied exactly parallel to the c plane
exhibits a sharp magnetization jump at the upper critical field at low temperatures, evidencing a
first-order superconducting-normal transition. The results provide an important clue for elucidating its
pairing symmetry.



1K

SQUID

15T

Ak

TA -

18K

0.1 K

100

>HE
(AISi &%)

GIEES
(REHZR)

7T

107 emu

€Y

0.0005
0.0000 $¢

-0.0005
-0.0010

-0.0015

M (emu)

-0.0020

-0.0025

-0.0030
0

1/10

Alo.9sSio.02

1/100
AISi i
i Al

10mT
100 mK

3T

Mgo.98Alo.02

Mg

1K

6N)



@
CusV207(0OH)2+ 2H20
1/2 Cu
1K
NMR I
45T 11
0.23 mg
ab
45 T
ab
I 11

0.07 | Volborthite

single crystal
w~0.23mg

0.06 [
H.1lab

0.05

(:3;0.04
=
S 0.03
0.02
0.01
00 3 4 5 6 7 80 1 2 3 4 5 6 7 8
1,H (T) u,H (T)
(3) S=1/2
CuPzN
Cu(C4H4N2)(NOs)2 CuPzN
1/2
CuPzN
b

@ cupzN i
l T=80mK
Hllb 4
081 g
(;)'506 * Exp. é
s ¢ Q™M g
04F °
T
s
02+
d ;
0 10 15
1M (T)
CuPzN
(d 80
Hs=13.97 T
Ms=1.15
p,B/Cu Hs=J/Ms
J=10.8 K
O 80 mK
1/2
Hs
Hs
()
M(T)
M(T) T,=6.89K
Tp Hs
14 T M(T)
Ms-M=bMs(kpT/J)1/2
b 0.460
b=0.48264
CuPzN
To(H)
keTp=1.52476 Ms(Hs-H)
To(H) Hs
8 T T T T T T T
05 T
cel . Quantum | o
Y %, Critical S
oy R 0 o
= %, ~
E 4r l““. ©
L) 3
g‘ HS 05 g
S, | 3
= =3
l 4 2
0 k

0 2 4 6 8 1I0 12 14
Magnetic field (T)

CuPzN



%) SraRuO4

SrQRuO4
C
Heo -
1 mg
0.7 mg
Sr2Ru04
C
0.1 |
0
°
; e . ]
5 0.01 F
Eg S 57 UI)O ’
0.02 & MSUC | I i
13 1 15 |
H (kOe)
SresRuOs4 ¢ "

0.01 emu/g 0.7 mg
7x 106 emu

CeColns

NMR

SraRuOq4

26
Quantum phase near the saturation

field in the S=1/2 frustrated spin ladder,
H. Yamaguchi, H. Miyagai, Y. Kono, S.
Kittaka, T. Sakakibara, K. Iwase, T.
Ono, T. Shimokawa, Y. Hosokoshi, Phys.
Rev. B 91, 125104(1-5) (2015).

DOI:
http://dx.doi.org/10.1103/PhysRevB.91.1
25104

S=1/2 ferromagnetic-antiferromagnetic
alternating Heisenberg chain in a
zinc-verdazyl complex, H. Yamaguchi, Y.
Shinpuku, T. Shimokawa, K. Iwase, T.
Ono, Y. Kono, S. Kittaka, T. Sakakibara,
Y. Hosokoshi, Phys. Rev. B 91,
085117(1-6) (2015).

DOI:
http://dx.doi.org/10.1103/PhysRevB.91.0
85117

Field-Induced Quantum Criticality and
Universal Temperature Dependence of
the Magnetization of a Spin-1/2
Heisenberg Chain, Y. Kono, T.
Sakakibara, C. P. Aoyama, C. Hotta, M.
M. Turnbull, C. P. Landee, and Y.
Takano, Phys. Rev. Lett. 114,
037202(1-5) (2015).

DOI:
http://dx.doi.org/10.1103/PhysRevLett.1
14.037202

Sharp magnetization jump at the
first-order superconducting transition
in Sr2RuOy4, S. Kittaka, A. Kasahara, T.
Sakakibara, D. Shibata, S. Yonezawa, Y.
Maeno, K. Tenya, and K. Machida, Phys.
Rev. B 90, 220502(R) (1-5) (2014).

DOI:
http://dx.doi.org/10.1103/PhysRevB.90.2
20502

Field-induced incommensurate phase in
the strong-rung spin ladder with
ferromagnetic legs, H. Yamaguchi, H.
Miyagai, M. Yoshida, M. Takigawa, K.
Iwase, T. Ono, N. Kase, K. Araki, S.
Kittaka, T. Sakakibara, T. Shimokawa,
T. Okubo, K. Okunishi, A. Matsuo, and
Y. Hosokoshi, Phys. Rev. B 89,
220402(R) (1-7) (2014).

DOI:
http://dx.doi.org/10.1103/PhysRevB.89.2
20402

Fine-Tuning of Magnetic Interactions in
Organic Spin Ladders, H. Yamaguchi, H.
Miyagai, T. Shimokawa, K. Iwase, T.
Ono, Y. Kono, N. Kase, K. Araki, S.
Kittaka, T. Sakakibara, T. Kawakami, K.
Okunishi, and Y. Hosokoshi, J. Phys.
Soc. Jpn. 83, 033707(1-4) (2014).




DOI: 10.7566/JPSJ.83.033707

Possible Evolution of
Antiferromagnetism in Zn-Doped Heavy
-Fermion Superconductor CeColns, M.
Yokoyama, K. Fujimura, S. Ishikawa, M.
Kimura, T. Hasegawa, 1. Kawasaki, K.
Tenya, Y. Kono, and T. Sakakibara, J.
Phys. Soc. Jpn. 83, 033706(1-5) (2014).

DOI: 10.7566/JPSJ.83.033706

Multiband  superconductivity  with
unexpected  deficiency of  nodal
quasiparticles in CeCu2Sig, S. Kittaka, Y.
Aoki, Y. Shimura, T. Sakakibara, S.
Seiro, C. Geibel, F. Steglich, H. Ikeda,
and K. Machida, Phys. Rev. Lett. 112,
067002(1-5) (2014).

DOI: 10.1103/PhysRevLett.112.067002

Quasi-one-dimensional S=1/2
Heisenberg antiferromagnetic chain
consisting of the organic radical p-Br-V,
K. Iwase, H. Yamaguchi, T. Ono, Y.
Hosokoshi, T. Shimokawa, Y. Kono, S.
Kittaka, T. Sakakibara, A. Matsuo, and
K. Kindo, Phys. Rev. B 88 (2013)
184431(1-5).

DOI: 10.1103/PhysRevB.88.184431

Various regimes of quantum behavior in
an S=1/2 Heisenberg antiferromagnetic
chain with fourfold periodicity, H.
Yamaguchi, T. Okubo, K. Iwase, T. Ono,
Y. Kono, S. Kittaka, T. Sakakibara, A.
Matsuo, K. Kindo, and Y. Hosokoshi,
Phys. Rev. B 88 (2013) 174410(1-5).

DOI: 10.1103/PhysRevB.88.174410

Unconventional Magnetic and
Thermodynamic Properties of S=1/2
Spin Ladder with Ferromagnetic Legs,
H. Yamaguchi, K. Iwase, T. Ono, T.
Shimokawa, H. Nakano, Y. Shimura, N.
Kase, S. Kittaka, T. Sakakibara, T.
Kawakami, and Y. Hosokoshi, Phys. Rev.
Lett. 110 (2013) 157205(1-5).

DOI: 10.1103/PhysRevLett.110.157205

Evidence of a High-Field Phase in
PrV:Aly in a [100] Magnetic Field, Y.
Shimura, Y. Ohta, T. Sakakibara, A.
Sakai, and S. Nakatsuji, J. Phys. Soc.
Jpn. 82 (2013) 043705(1-4).

DOI: 10.7566/JPSJ.82.043705

Long-range order and spin-liquid states
of polycrystalline Tb2+TizxO7+y, T.
Taniguchi, H. Kadowaki, H. Takatsu, B.
Fak, J. Ollivier, T. Yamazaki, T. J. Sato,
H. Yoshizawa, Y. Shimura, T.
Sakakibara, T. Hong, K. Goto, L. R.

Yaraskavitch, and J. B. Kycia, Phys. Rev.
B 87 (2013) 060408(R)(1-5).
DOI: 10.1103/PhysRevB.87.060408

Simultaneous superconducting and
antiferroquadrupolar transitions in
PrRh2Znzo, T. Onimaru, N. Nagasawa,
K. T. Matsumoto, K. Wakiya, K. Umeo,
S. Kittaka T. Sakakibara, Y.
Matsushita, and T. Takabatake, Phys.
Rev. B 86 (2012) 184426(1-7).

DOI: 10.1103/PhysRevB.86.184426

Low Temperature Magnetization of
YbzPtePb with the Shastry-Sutherland
Type Lattice and a High-Rank
Multipole Interaction, Y. Shimura, T.
Sakakibara, K. Iwakawa, K. Sugiyama,
and Y. Onuki, J. Phys. Soc. Jpn. 81
(2012) 103601(1-4).

DOI: 10.1143/JPSJ.81.103601

Destruction of the Kondo effect in the
cubic heavy-fermion compound
CesPd208Si16, J. Custers, K-A. Lorenzer,
M. Miller, A. Prokofiev, A. Sidorenko, H.
Winkler, A. M. Strydom, Y. Shimura, T.
Sakakibara, R. Yu, Q. Si and S. Paschen,
Nat. Mater. 11 (2012) 189-194.

DOI: 10.1038/nmat3214

35
S=1/2
CuPzN
, C. P. Aoyama
M. M. Turnbull C. P. Landee
Y. Takano, 2015 3 21 ,

70 ,
Sr2RuQ4
2014 9 10
2014 :
a
-2-Cl-4-F-V ,
2014 9 8 2014
SraRuQ4
,2014 3 28



2014 3 28 69

-2-Cl-4-F-V ,

, 2014 3 27
69 ,

2014 3 27 69

Yb2Ti207

b

, 2014 3 27
69 ,

S=1/2
CuPzN , o
C. P. Aoyama M. M. Turnbull
C.P. Landee Y. Takan,2013 9 28
, 2013 ,

,2013 9 28
2013 ,

Magnetization Study of the Quantum
Critical Behavior of the One
Dimensional Spin-1/2  Heisenberg
Antiferromagnet CuPzN, Y. Kono, T.
Sakakibara, C. Aoyama, M. Turnbull,
C. Landee, Y. Takano, 2013 8 6
The International conference on
Strongly Correlated Electron
Systems(SCES2013), The University of
Tokyo

Low-Temperature Magnetization of

€Y

@

YbePt2Pb with the Shastry-Sutherland
Lattice, Y. Shimura, T. Sakakibara, K.
Iwakawa, K. Sugiyama, Y. Onuki, 2013

8 6 , The International
conference on Strongly Correlated
Electron Systems(SCES2013), The
University of Tokyo

Yb2Pt2Pb ’

2012 9 21 2012

S=1/2 Volborthite

’

,2012 9 18
2012

Singlet-triplet  crossover in  the
two-dimensional dimer spin system
YbAIsCs, S. Kittaka, T. Sugiyama, Y.
Shimura, T. Sakakibara, S. Matsuda,
and A. Ochiai, 2012 7 10 , The
19th International Conference on
Magnetism with Strongly Correlated
Electron Systems (ICM2012), Busan
(Korea)

Magnetization steps in YbePt:Pb with
the Shastry-Sutherland Lattice, Y.
Shimura, T. Sakakibara, K. Iwakawa,
K. Sugiyama, and Y. Onuki, 2012 7

10 , The 19th International
Conference on Magnetism  with
Strongly Correlated Electron Systems
(ICM2012), Busan (Korea)

SAKAKIBARA, Toshiro

70162287

MITAMURA, Hiroyuki
60282604
KITTAKA, Shunichiro

80579805



