
{E;tH · 5~Hi!m-r';:jO~t Q=1X7G~f* 3He O)m1~ntU~ 

~*iJf~:¥: 46148 *1H~' m~ 
[W~~ ~ I¥.J] 

2 tx7C 3 ~~.:r-~~3iilH!1*I:1:, 77A" V-~3 ~(1);b.oS-tt.1*1:disorderdground state il~ 

~mT .o1iT1I6-tt.;O~;b ~,~< (1).ijf~il~t.J: ~tL -n\.oo 11777' -1 t- 1:\':!'&5f~it-c1~GtL6 2 tx 
j[;~1* 3He (l)~~l$-tt.mftfl:l un ~) b 7 7 A t- v-~ 3 ~il~~F1it\':~ilt\A~~t.J:{9~1:;b60 

3 ~~.:r-1d§'Jv1:I,. \.omft~1* 4/7 ~1:I:1: 2 0(1)77 A l- v-~ 3 ~il~[iiJ~\':~;:.oo 1 0 

1:l:~{iiJ~1¥.J7 7 A t- v-~ 3 ~1:;b.oo 3He (1)~A eO~ 1/2 ~m"'?-c.:to ~, ~1it\.: • .:r--tt.ilql 

<£~~"ttH:1:-;l:I¥.J\':I:l:i** Gt.J:lt\o b? 1 01:1:~1*~.(l)~ft1:;b60 3He 1:1:~~~ltJil~* 

~ c. ~1*t:p 1:~~T 6 3He J]{.:r- [iiJ ± (1) {ft.~. J: ~ ~.~1f.f'f:ffl il~ 1:: C6 0 ;: (1) c ~ 3He\.: 
JJj{ .:r-\:l:/"\~ F;37 t-fif"'? -c It \ 6 (1) 1:, 2 1*~.t.:Jt1:t.J: < 3 1*3i:.~ 4 1*~. c It \",? t: ~1* 

(1)~~ bll~1:;b ~ ,f~It1*~~\.:.:t 6BB~$-tt.~1i f'f:ffl C~fl~~.\':.:t 6~l$-tt.~1i f'f:fflil~ 

MftToo 

~It*\.: J: 6Mt~~~fr;\.: J:tLl:!, 4/7 ~(1)£~~1Ij1j:~.Jr 'Y 7'il~;b 6A:.:r-A eO~ifl1*~1m 

~;b ~ , RfJ 1mK 1:7 A 7 ;t-?f-(l)iltlt-~JJo L-tdlft\,:I:l: 4 iIJ~.:r-(l) uuud fl:lil~~tlAllfr; 

i&JfllH.: 1/2 7'7 t--il~ffl£T6c7i1lU~tL-clt\60 L-tPL:lllfr(l){g;tlli1:(1)1I'rS~iAUAE[1] ~.I:t 

~iIlUAE [2] (1)t!i*\.:J: 6 C, £J1t~tmlj::¥.Jr'Y 7' t- A (l);I,:.:r-.A eO ~ifl1*:tJ(tm1:;b.o ;: c il~ :bil~ 

-o -c ~ tc, -t-tL1:1:1:, mtl~~JJo L-tc:!l..g.\.:£J1t~tmlj: c'(l).:t ? Kt.J:"'? -cl,. \6 tI~o ~~\.:~m:!l 

-F-c:' srt ~£1i€~1Ij(l)mfr;~f£~iAUAET6;: c il~*.ijf~(1) 13 ~1:;b 60 

[~.] 

tllif(l 1.1 mK, :lliWimti 10 T (1)~fLfT1:1I7 7 7-1 t- \':!'&fI~ittc 2 tx7C~1* 3He (1)Qtfr; 

iAUAE~ff-::> tz; jitf.f~ffi'*PT 6 t: ~ \.:, *~ff'i~.c ~ttIT\"Ml1fQtt'fH!ik1l~m.7j...g.:bit-c ffllt \t.:.o 

mfr;I:1:, 77 77-7*1:iIlU):i!L-tco 7 7 77-7*Ij:~~m~t:p1:~*,,"1':1IJ <tJ~ifiU):i! L--c itt*"" (1) 

. mfr;~1~6h7*-r;b60 ~~(1)t !v1:1:1: 2 tx:7C 3He (l)S1r;J: ~ 2 .ffi£.1-1:*! ltV, 'Y:7 ~7 r.7 

~F(1)Qt~~~.T.o~~, ?f~N~77~X~t-h~~~fflL-~0 

iAUAEI:l:* -r11777 -1 t- 1:1.: ~e ~(l).7j.~!,&. ~it-C1.ij GtL6 ltt*"" eHeI~elGr * c 1Ji¥..s-:;: 

e:1':T60) 1:ff"'?~o litf..j-(l) ~e 1t~f(le:,*.w\':M~~tl,6 2 tx:7C 3He (l)iii~f(le:fl:I~~ 1 

\.::3T-To 1£L- <mfr;~iAU):i!1:~ -cl,. \6 tI*tI~~ 6 tc~, srt fr:l£.1-7i-I.: 1itS-tt.~~~lil-tt.f!:l'1." bifiU 

3He ~~lt (nm'') 1 .w 13 (nrn-2) 2 Hi f~ (nm-2
) 3 1113 (nrn-2) 

10.5 10.5 (1itil-tt.~) .­ -

17.8 11.4 (*m-tt.~) 6.4 (4/7 fl:\) -

24.0 11.4 (1itil-tt.fEl) 8.2 (~lm-tt.~) 4.4 (~1*) 

-3­



3He 0)~$J.t (nm") 1 Jj § (nm") 2 Jj § (nm") 3 11 § (nm") 

6.0 12.0 (1Ie) 6.85 (4/7 f§) 

(-"t0) P"J 1.0 IJ: ~e) 

0.15 (~f*) 

11.0 12.0 (1Ie) 8.63 (5im'l1:f~) 

(-"t0) P"J 1.0 IJ: 4He) 

3.37 (~1*) 

:iE~1...-t:.o -"to)~, 1''777-11-l:I.:''He ~ 13.0nm-21J&"~-tttd~3He :a:1J&"~-tt""(~~;h 

Qfit*,," ( 3HetHelGr *c IJ¥~::' c 1.:i"Qo 1 JfHH± 4He 0)Jj."t""lIbh""(~\Qo) "t""iJM~?jlIJ:iE 

a-rr-::d:.o fit*,,"O)~JjI;:~~~hQ 2 tx:7C 3He O)fEl Cjjjj@~:a:~ 2 I;:~i"o ::'0)"*0) 4/7 fEl 

-zo 'bS!{~?Jt~:iE:a: rr ? 0) IJ: ~e1~e1Gr *-zoO)?Jt~ :iE~j!gl~; O)~~tt :a:iitp Ii) Q tz: Ii) "t"" "9> Qa 

(~~~;~!:l 

m{~ ?Jt~ :iE :a: rr -:) t=. 

jfi* !I -;f Iv /f '7 "7-( 
:I: ~ 1- jj:it I;: J: ~ /"\ 

/':7/f7'7~FO)m i 
{~:a: 2 tX:7C 3He S!{!:: ~ 

cji:Uc;;t-!/-*"t"" '-' 
~ 

1111 .:it. ;:, ::. c tJ~"t"" ~ tz: a 

~dHelGr * 0) ?Jt~ :iE 

jfi*~~ 1 I;:~i"o 

• $IIII-.t /"\ /' :7 /f '7 '7 

~ F 0) m {~ :a: ~ ~ \ t: 
~e (J) Jj. 0) m {!:: "t"" "9> 

. 

10 

........... 

2 4 6 8 

T=9.3 mK 

o :24.0nm-2 

• : 17.8nm-2 

~ : 10.5 nm-2
3 

2 

Magnetic Field (Tesla) 

T= 1.1mK I 
coo C Co I

3 9 ... -1J~"--t1...[].:-
q, C 

~, ,.(So. 
.ci2 I •••• ;. • 
:;, AJ • • •• 

......, •• 6. .A.-2i.....•...-il•• ..t.._ _••••
::a 'e b. or • 

I .•..
 
I ,...
 

1 J t o :24.0 nm-2
 

I ' • : 17.8nm-2 
I
 

~ : 10.5 nm-2
 

246 8 10 
Magnetic Fields (tesla) 

Qo ?jl~:iEjfi*t1t*~ tt 'b O)tp~fti";:' tt: Ii) I;: , ~-=f~J.!iffU;: J:;:' ~.ftc J;t~i" Qo :S1-=filJ.!iffJ. 

1;:J:Q*.ftl-.t~frJl~M~O)flc~~1it'fffl J O)fltltbtphl:f**;:,o ~ 1 9Jo),~~IJ:1itmt1: 

0) 10.5 nm? I.:%ti";:'-;f!J .:L 7 ~OO~I;: J: Qwt_ft"t"""9>;:'o ::. O)~fJJm{~ 1.59 tJtiiitmltl;:.l:t19tl 

i" ~ c i"Q c 17.8 nm? lkV 24.0 nm" I;:%ti" ~ IilfEl O)~fQm{~:a:** Qa ~.fEl1i t'ffflO)ftl-.t 

4/7 fEl-ZOl-.t J= -lmK 3~UilttfEl"t""I-.tJ=2mK :a:ffl~\QCm{!::O)~+;.fllJ:~.O)J:?I;:ttQoo 

~.fl c *.ft~ .l:t~i" ~ C, 24.0 nm? -Z01-.t"9>Qf£J.t-a 1...-""(~ \Q O)-zo*~.-t lv"t""m{!::?Jt~:iE 

t1t::iE1...-<1'rbh""(~\Qc~\.:it.Qo -jj, 4/7 fEl:a:i3'tr 17.8 nm? I;:""?~\""(IJ:, 9.3 mK -el-.t~~ 

ftc ~.fltJ~-ai"QtJt 1.1 mK "t""1J:-a-tti", ~I':*:l 2 T J;l,l:-ZOI-.twt.ftl;:.l:t""'""(iH~tJ~~ 

1Ii~~h""(~\Qo -t:-0)JJi{~1-.t 2 Jlf3O) 4/7 fEll;:J:Q'bO)c~;t;h~o 

txl;: 3HetHe/Gr "*"t""iH~ijlU:iE1r 1...-tdi!i*~~ 2 I;:~i"o wt.ft:a:*Ii)Q~, Mgfpit{!::IJ: 

~e13He/Gr *0) 10.5 nm" O)ft 1.59 ~ ffl~ -tz; ~.fEl1it'fffllJ: 4/7 t§"t""I-.t J = -1 mK , ~mmt1: 

-4­



• •• • • • • •••• 

111: fj: ~e (j) @ J.r 
3.0r----r--,.---,..--.-...., 3.0 r------r---,----,---.....-----, 

T =9.3mK~~lt L.-C J = 2 
2 4 2o :11.0nm 

0 

(on He 13.0nm 
0 

)
mK. ~ }fll,-'t::..o ~~ 2.5 2 4 2 2.5• : 6.0 nm 

0 

(on He 13.0 nm 
0 

) 
{j C: ~.{j ~!t~ 

10246 8 

0.5 

___2.0 
To C: 3He (j)~oo 

.~ 
@~tlt 11.0 nm? (j) .c l .5 

!;I 
'-'C: ~ I"j: diJ 0 mJ.r ­
::E 1.0 

3.& L. -C :to ~ , 

3HeI'He/Gr * I: "b 0.5 

IE L. <illll ~ titIT b 
0.0 

T = 1.1 mK 
02 02 o 11.0 nm (on 4He 13.0 nm ) 

• 6.0 nm02 (on 4He 13.0 nm02 
) 

o 

o ~Ceo 
•••O.~. Po ••••••••• ffi .~ ••• 

c 

• 
.:h-C 1,-' 0 .:. C: il t b 0 2 4 6 8 10

Magnetic Field (Tesla) Magnetic Field (Tesla) 
tI~Oo wt:'{j(j)~fo 

m 1~ f"j: ;jt; Jm (j){j ~ 

"b C: I~ *:. L. t::.. (j) I: 3He/3He/Gr * C: 

3HdHe/Gr *(j)ilIJ ~~it~H;t~,Ii L.ti: 1,-' C: 1,-' 
T=l.lmK 

;t0 0 3He (j)~[ijj@f(iO·t 6.0 nm" (j)C: ~ ~~ o 3He/3He/Gr 

{j C: i-t-;i:{jfj: 9.3 mK. I:diJ 0 ~J.r-3.& L.-C • 3He/4HelGr 

1,-'0 tit, 1.1 mK. I:fj:wtJJ{j I.:!t"'-CIJ'~ I,- '0 
3He/3He/Gr *C: rm.l.: 3HeI'He/Gr *I:"b 417 

t:l:l(j)m1~t1t~fM~.:h -Cl,-'o':' C: t1tbtl~--:;) tc; 

m1~ ~{.liHti~ I~ lK L.tz: C: ~ (j)m{~~~ ~ Igj 

3 1.::if>T0 4/7 11 (j)~JtE~1m(j){.fiH:i$f"j:, r.ffii 

f( 1.1 mK. ,lOT f£f((j)mt.l-9JI:"b~ 1/2 

0-rl~fJ1J;t t,n -C:to ~ m:lj-9Jl~fj:~;iEti:t:l:l 

tit1f1:ET 0 C: :mill]I:~ 0 0 

246 8 10 
(~1l(J)U) Magnetic Field (Tesla) 

4-[EJ~~ t,nt::..iI~;It~*tI~ t" r.ffiif( 1.1 mK. 

I: 4/7 11(j)m1~~ml~fj::to-'t t, <m1~7"7 

}- -t1t1¥1£T 0 C: ~;t t,no ilt , illIJ;It~(j)~ 

~t1t*~ I,- -t: ~7"7 }- -(j)* ~ ~ ~ IEitl~~0':' C: fj:l:~ ti:tI~--:;) tz; L.t::..iOt--:;) -cmm-9J (j)t:l:l il t 

uuud t:l:ll:diJ 0 tI~E? t!~fj:'J~I:~ ti:l,- '0 m~(j)JJj{1!l t-MI3A L., .t t) fffJ3l(j).t I,- 'iI~;It~IT? ~\~ 

titdiJ 0 0 

[$~:)(ilt] 

[1] R. Masutomiet al., Phys. Rev. Lett. 92025301 (2004) 

[2] K Ishida et al., Phys. Rev. Lett. 793451 (1997) 

-5­


