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First-order phase transition in the random field Ising model with long-range interactions.
R HE] !
OShinji Kurihara!l

The random field Ising model with long-range interaction has first-order transition and second-order
transition. Here I study a random quenched magnetic field given by a binary distribution (P, = 8(h; — hy)/
2+ 8(h; + hy)/2). The system’s first-order and second-order transitions are found out. The second-order
transition is observed for T > 2/3, otherwise the first-order transition is observed. I consider a general case

where the distribution of random quenched magnetic field is given by P, = p6(h; — hy) + (1 — p)&(h; + hy).

In this case , the first-order transition survives, while the second order transition disappears.

T U NI IR N A YA B R AR A
ERZT AR EEZ D, TOBTIONI NV =T

H=_$(Z§V=15i)z_ N g DERSNDAIF

BN & D XD IR B S A FF O~ %, NIFZYA b
B (> O AEEHORS  §ITHEAE TS, = +1.
hAZETA BT E DI TH D . hy—h, D ED
LN R D, b DHERZIAE PIEP, = pS(h; — hy) +
(1—p)8h; + hy)) £ T Do p=1/205E1E(h,. T)F-H
TOMKPEEICHE LN TWT, —REBBR E RS
BROFEDRM BN T WD, [1]Z DREREZEE 2 5D
p=12UDGEITE SR DNEEZ TN, 4
FCRI%L 7, = Trexp(—BH) Z 1A L T FREDFIC

N §;DTROEND D LEHTE 2O T, LS
CEEXHZD, THE

exp {£ (3, 57}

2
/B]Nf dmexp( NWTm+Bij’i"=15i)
— BJN oo
Zy=Tr /Zn J_., dmexp

(-2 4 g3, gm + bS]

L0 FET,
BT,

© 2
Zy = /B;—:f_w dmexp N [_[UTm+

RIZTE = X, 11 Xs,=t1 - Dsy=t1 Pt

¥ . Log{2cosh {B(Jm + hi)}}]

Ly(m) = _312_m2 + %Z’i"zl Log[2cosh {B(/m + h)} & ¥

B IDIC—FBHONT WD p=12088%2% %5,
Ll(m) + Log[Zcosh {BUm + hy)}] +
ELog[Zcosh {BUm — hy)}]

_ _Bm?
=-= ]

el ORI 2 T 5 O 0L BRI = Li(m) = 0

ERDMBDDIE D M EFRD,

BJ sinh (2BJmo) —
cosh (2BJmg)+cosh (2Bhg)

= BJmy +

o L2(m) N
ZDmyldmy = (S &R0 | BARIZHAEI L TV 5,
FTIE KB OMERZRD D, & 2 TIEIELOR
OB D DT, ¥R EZT T T my = 0lTxf L.
L1(0) = Li(my) & 2%, ko T

%Log{Z + 2cosh(2Bhy)}
BImo® | 1
=—-—+ ELog{Zcosh(ZB]mO) + 2cosh(2Bhy)} .

R R OXEZRAL ThyZANBIHET D &
RBTFEOND,

1+isinh(2[3]mo)—cosh (2BJmo)
mo > — 0
m—osinh(zﬁjmo)

XS T 5

B/my? + Log {

ZOXEMITONTHEEX | Fm,

1 HRET - B (D) -

1285



TRy 24 FE BAKXFETIFE FWHEERANE
hok T= O RERRT 5 EROBICAR B, BI(p—3) el
o Tt = BJm + BJ sinh (2BJm) (P—E)ZBI sinh (2Bho)

1o

ngr

06

04}

02r

T T 1 L L
0.2 04 0a ng 1 T

ha T Hhﬂ
0S5k —RER D

oy

04}
iy
02

oll Te=2/3

T T L HEE R PR
0z 0.4 0.6 0g T

T < 2/3TlELi(m) D KME % 52 28 g5 — > b
LT ENZND, £lo. —REBOKD S R SIE
T = 0.666 T m, = 0.049986268. h, = 0.43912429

BN RE > T2, T>2/3TH, 2 Li(m) = 0D

DIFLIDHND RN D FN 01D, —IK
R TR R TROE H o Dot L, ZIREER Tl
L2318 TRALR DI/ 5, 2 ORI L mig A
EHETEMERAEIE LA Y 7T AT EIE LW

DRD%,

WIZp =12UNDGEEE#E 2D, ZOGEE. —IKkis
BRI T D0, RIS E XD Z &8, )k
DEHITLTo2Dd, T, HEREZFDLZ LI

EVT =0, hg =pTREBBNEZDHNTND,
A BRI TOOBLERDTE X

L,(m) = Li(m) — B]—m + (p - %) Log[2cosh {B(Jm +

ho)}l = (p —3) Log[2cosh {BUm — ho)}]
E720  12056 L RRICE SR OV TN D,

9 _ 0 _ 1) sinh (BUm+ho)} _
3 Lo (m) = 5L () + B (p = 3)

2/ cosh {B(Jm+hg)}

1286

cosh (2BJm)+cosh(2Bhy)  cosh (2BJm)+cosh (2Bhg)

p = 1/2UND5EIT L,(0) = L,(my) & 1T 57200
T, ALEOp Tl RS2 723 Momy
Ly(my) = L,(my) (my <my) &72% T, hy % KfEFHH
TROZ, TOREp = 055 TEHTIIKSL TR L
hy = 0.55TL,(my) = L,(mp) £ 72D 2 ENRIND . —
WHARE DFAEIIMER T E 7o, MOEDOp T [AERICEL
HEIEZ LI ZA, TIKLTEEB L Zhy=pT
Ly(my) = Ly(mp) Zilil= i b -7, £ Z T,

hy = pTLy(my) = L,(my) &7 % LUE L, FEEIFK
72BN, BALOTREODE L 72 BIRFE Te & MgRp D xf
Wi E R T,

T BErHERR DTS2

05

my 7>

045

04

035

03 *

025 -

02 *e

015 L

01 e

005 ‘e

*
u)
05 055 06 065 07 075 08 085 08 0.85 1 P

EREITIT p = 1/2103 3 < L EES RS 2 B 7 O B
NTWL TEORRENRKREL D, hyDFEZEIL p DEN
RELRBIZON, ML b LTINS, BLEIC
KVp>1/2TH—RIEBNEZ 52 ER0hoT-,
SHBOBEE LT, p>1/20 & & —REBBIHAT
HRELVBWEETRDD ZENFETLND,

e B AN

[1].Tricritical points in systems with random field,
Amnon Aharony, 1977

[2].0n the Mean-Field Ising Model in a Random
External Field, S. R. Salinas and W. F. Wreszinski,
1985



