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1. Overview of the whole group activity

2. ISSP activity
2D solid 2He on graphite



1. Magnetism of solid 3He
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(1) 3D solid 3He on melting curve
clean and good quality single crystal
(single domain)
a) Sound experiment in the ordered state (Kyoto)
1) U2D2 phase
Av and a : T and B dependence
1) CNAF phase
observation of optical mode

b) magnetic phase diagram (ISSP) 197 T
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(2) 2D solid 3He adsorbed on graphite (ISSP)
Frustration due to MSE in the triangular lattice
2D AFM solid 3He on graphite: 4/7 phase
what iIs the ground state ? : gapless spin liquid

How Is the magnetization curve ? : plateau ?

What is anomalous liquid phase just before Mott transition ?
heat capacity measurement
at a tens of mK in high fields (P05)



2. Crystal growth
coexistence of solid and superfluid down to 0 K

1) “He: optical method, ultrasound (TIT)

2) 3He
a) nucleation and growth between U2D2 and CNAF (Kyoto)
b) spatial magnetic structure in the ordered state (MRI) (Kyoto)
domain wall, texture effect on crystal growth

big AM between liquid and solid :
M controlled crystal growth--- crystalization wave ?
T<0.1mK?
B phase to U2D2, A phase to CNAF



Two-Dimensional Antiferromagnetic
Solid *He on graphite

Hidehiko Ishimoto

A.Yamaguchi, H.Nema,
Y .Tanaka, R.Masutomi

The Institute for Solid State Physics, The University of Tokyo,
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581, Japan

Introduction

Theoretical & Experimental background
Experiment |

Experiment 11

Conclusion

QU 5= Lo N =



1. Solid 3He on graphite

Properties of exfoliated graphite substrate

- Atomically flat surface
- Good thermal conductance
- Large surface area (Grafoil : 20 m?/g)
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Phase Diagram of 3He
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1) Multiple exchange : J, Second layer (°He/*He/Gr)

L R LN LR S N AL A UL EL LS SLES NI

2 particles 3 particles 4 particles 20 __ - _

O O O O O O O - « =, ferromagnetic E

O | 0 1.0F * niuna ‘

ele %‘DO 2 b | = T e ppoge

T E ol ;

O O OO0 O 00 3 3

AT T oM 10f %Li antlferromagnetlc E

(antiferromagnetic) (ferromagnetic) 15 y ‘30 35 o 410 - 45
Areal density (nm-2)

- - H. Godfrin et al..

Competition between AFM and FM 4/7 phase

different and strong density dependence of ], —— tunable frustration

Pre-plating of “He or HD

variable J,

2) 4/7 phase

2D triangular lattice
effectively AFM \

What is the ground state ?
RVB liquid ?

Geometrical frustration



2. Theo. and Exp. background I

Multiple Spin Exchange
H =3 J,(-1)"P, (P”) . n— particle permutation operators) J,>0

Pij=(1+0;"c) /2, Pijk+(Pijk)'=(1+0;"0;+0;"0, +0,"0;)/2
=( JF/2) L (o 0)) +J, L h +=enne
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High temperature series Expansion

Exp. results J,=6/3=—(3;" +3J,-5J;+5J,/8),
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3e/d,

MSE model (exact diagonalization for 24 atoms : J, to J; )
(G. Misguich et al.)
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Previous experimental results for second layer solid *He

(A) heat capacity 3He/2He/Gr (B) susceptibility sHe/4He/Gr
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3. Experiment | I

|. Two methods
1) Pre-plating of HD
lower density of 4/7 phase > enhancement of J.
Lower effective temperature T/J,

2) Double stage nuclear demagnetization
direct demagnetization of the sample itself T — 101K

[1. Prepared sample
underlying layer 2nd layer (4/7 phase) J, (=0/3)

a) *He/*He/Gr 12.4 atoms/nm? 6.8 atoms/nm?  0.3-0.4 mK
b) *He/HD/HD/Gr 9.2 5.26 3-4
[11. Detection

cw NMR (3He, Cu, D, H,22C ) at low field ( 2.5 0or 5 mT : uB <kT)



Results I
4/7 phase a) *He/*He/Gr

b) S3He/HD/HD/Gr
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Gapless spin liquid ground State



4. Experiment |1 I Magnetization under high magnetic fields
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“NMR (=100 MHz ) N Faraday method
rf shielding and heating F=M,- (dB/dz)

Grafoil — Copper sandwiches

Diffusion bonding

Grafoil substrale/

76 um thick
pim / 50 set
Cu foil (thermal link) Surface area 12.2 m? \//)

10 um thick 50set
Material Amount Saturated nuclear moment Diamagnetism
Solid 3He 0.24 mmol 7.5 x10* emu 1 -3.4 x10% emu/T 0.02
(4/7 phase) (at5T)
Graphite 60.4 mmol 1.42 x102 emu 2 -2.3x102emu/T 150
sheets (1B
Cu foils 35 mmol 0.24 emu 320 -1.9 x103emu/T 13




Double gradient Faraday gauge
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LUHSI Displacement of electrode during sweeping

the field gradient at constant T and B
(*HelPHe/Gr, 1.1 mK, 24.0 nm)
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SHe/fHe/Gr 9.3 mK

10 | | | | | 4 | | | | |
® 240nm”
8+ ® 17.8nm~ o ® 240nm”
® 105nm” 31 ® 17.8nm” i
— ® o0nm”’ — ® 105nm>
a a
Z 6r 7 =
- -
Q o o
G e® . : ¢ S
= gBiilie 1=
[ ) °® ° .
(] ]
2_ ]
O | | | | | 0 | | | | |
0 2 4 6 8 10 0 2 4 6 8 10

Magnetic Fields (Tesla)

Magnetic Fields (tesla)



M (arb. units)

SHe/*He/Gr 1.1 mK
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5. Conclusion I

2D AFM solid He with MSE on triangular lattice (4/7 phase)
3He/*He/Gr, 3He/*He/Gr, 3He/HD/HD/Gr

Exp. Results
1) no drop in susceptibility down to 10 uK
gapless spin liquid ground state
2) no saturation of magnetizationevenat 9 T and 1 mK

magnetization plateau 1/2 (?)

Theory

1) Exact diagonalization : too small a size ?
2) PIRG (Path integral renormalization group) for Hubbard model (M.Imadaet al.) ?
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