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Tém tat: Cac tinh chéat nhiét dong luc hoc cua chudi spin lwong tor duoc
nghién ctru bang cach dung phwong phap tich phan phiém ham v6i mé hinh
sat tir XXZ mot chiéu va tuong tac trao doi ving xa giita cac thanh phan z cua
cac spin. Su phu thudc nhiét d¢ va cudng do tir truong ngoai cua cac dai lugng
nhiét dong luc hoc dugc dua ra. Bén canh do, anh hudng cua tuong tac trao
d6i viing xa 1én cac tinh chét nay ciing dugc nghién ciru. Cac két qua tinh sb
ctia chung t6i kha phit hop véi cac két qua tinh sé cho chudi spin XXZ cia cac
tac gia khac.

Tir khoa: chudi spin, phuong phap tich phan phiém ham, twong tic ving xa,
céc tinh chat nhiét dong luc hoc, mé hinh Heisenberg XXZ.

1. DPAT VAN BE

Céc hé tir tinh 1 chiéu biéu hién da dang céc hién twong thu vi lién quan dén ban chat spin
lwong tir ciia hé, do d6 thu hiit nhiéu Sy quan tim trong thoi gian gan day. Céc tinh chat
nhiét dong hoc cuia cac hé tir 1 chiéu 1a mot trong nhitng chii dé nghién ctru s6i dong nhat
ca vé mat Iy thuyét I1an thuc nghiém [1], [2], [3], [4], [5]. Trong sé cac mé hinh dugc sir
dung dé mo ta twong tac spin, md hinh Heisenberg luong tor dong mot vai tro co ban va
quan trong. Tir khia canh twong tac trao d6i di hudng, c6 ba loai mé hinh Heisenberg, d6
1a md hinh XXX, XXZ va XYZ. Cac md hinh nay cung cdp mot nén tang tét dé nghién
clru cac tinh chét nhiét dong hoc caa cac hé tir tinh thap chiéu. Vé mit Iy thuyét, Tao
Xiang [3] sir dung phuong phap nhom tai chuan hoa ma tran dé nghién ciru cac tinh chat
nhiét dong luc hoc cia chudi spin Hesenberg luong tir v6i S=1/2 va S=3/2. J. Sznajd
nghién ctru cac tinh chat nhiét dong luc hoc va thang giang luong tir cua chudi spin ghép
cip [4]. Hon thé nita, cac tinh chat nhiét dong luc hoc cua hé spin 1/2 véi mé hinh XXZ
va XYZ véi cac tuong tac vung xa trong tur truong ngoai da dugc nghién ctu St dung
phép bién doi Jordan-Wigner [5]. Trong [5], nhom Li Jialiang da dwa ra cac két qua cho
S=1/2 trong gan dung trudng trung binh. Tuy nhién, phwong phap tich phan phlem ham
méi duoc sir dung dé nghién ciru hé spin ba chiéu [6] va hé spin gia hai chiéu [7], [8].
Trong bai bdo nay chung t6i nghién ctru anh hudng cia tuong tac trao doi ving xa va di
hudng trao d6i 1én cac tinh chat nhiét dong hoc cuia chudi spin tuyén tinh trong mé hinh
XXZ sir dung phuong phap tich phan phiém ham c6 tinh dén cac thiang giang spin cho
gia tri spin S bat ky va so sanh véi cac két qua caa nhom Li Jialiang.
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2. MO HINH VA CAC PAI LUGNG NHIET PONG LUC HOC

Hamiltonian ctia md hinh chudi spin XXZ véi tuong tic trao d6i ving xa dong nhét theo

> o
huéng z trong mot trudng ngoai h (h 11 0z) dwgce cho bai:
H ——Zhsz——JZ[s s,+1+SYSJy+1] ZSJ :, (1)

& day | 1a hang so tuong tac trao doi ving xa gitta spin S? véi cac spin S%., N 13 s0 spin
j j
, X. LY 4 , X+ am . a s s A ~ X £ a
ctia chuoi, J la hang s6 tuong tac trao doi gitra spin Sj° v6i cdc spin lan can gan nhat Sj

—

2
(a=xy)va (sjj =SS} +5)SY +S!S7 =S(S +1).

Viét lai (1) dudi dang:
H =Hg + Hin,
HozéNl(kz=O)<SZ><SZ>—Z(h+I(kZ=0)<SZ>)SJ?, )
J
.m———Z > I ,)88“ (k ——zl ,)88% (K, ),
k a=x,y
o day

I(k,)= Zﬁ(cos(kz.aﬁcos(kZ.Za)+...+cos(kz.%n,

J(k,)=2Jcos(k,.a),

3)

va S“(kz):%ZSf‘exp[—ikzzj], (a=xY, 1), (4)
i

Vi a 1 hang s6 mang caa chudi spin. Céc thanh phan cila cic toan tir thang giang spin
trong (2) dugc dinh nghia nhu sau:

88 =87 —(S}), 68} =], 58 =8/, (5)
o day (.)=Tr(e”™..)/Tr(e”™) va p=kgT.

Tir (2) ta c6 thé nhan duoc biéu thirc cho ham trang thai Z dudi dang phiém ham:
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Z =Tr[exp(-BH)|=Tr {exp(—ﬂHo)T exp {—f H;. (7)d rH (6)
0
hay
_ B 2\ oz sh(S+1/2)y
INZ =-NpI (k, =0)(S*)(s*)+N NG

] o 1
Zﬂﬂ2(| (kz ))1/2 7 582 N
-nftders 30| o[ 3| To Sl

«d pr(a06) 0! a Jos' |
i =24 0]
(7)
& day y:ﬂh+ﬁ|(kzzo)<32>, (8)

% Y
q =(k,, ) 1a vécto song hai thanh phan, @=2zn/f, n=0,+1+2,..., va (dg) duoc
dinh nghia trong [6]:

(d(p):gidi—f)g j: dgpojz(aj*:d(pj;@, ©)

RN

- -
Phan thyc va phan 4o caa bién trudng ¢* (qj duoc ky hiéu 1a ¢*° ( qj va @%° (qj :
Cac ky hiéu con lai trong (7) la:

(), =Tr(e‘ﬁH°...)/Tr(e‘ﬂH° );
(el i oo
ESz(qj=Sz(q]—5[q]N1’2<Sz>; 5[qj=5(kz)5(a)).

Tir (7) - (10), chiing t6i tim ra biéu thirc cu thé cho InZ caa chudi spin tuyén tinh véi mé
hinh XXZ trong phép gan dung Gaussian bac mot:
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Inz :—%.ﬂl (0)(<sz>)2 n N.Inw—%;m(l—ﬂb'(YN (k.))

sh? 2
( 2( )3 (k;)) )
1-exp(-y+8b(y)J(k,
_%In{ 1—exp(—y) ,

véi b(y) 1a ham Brillouin.
Trong gan dang trudng trung binh, tirc 13 bo qua cac thing giang spin 581-“ =0, lac do ta
co (sZ>=<sZ>O =b(y,) v6i y, = Sh+ Bl (K, =o)<sZ>0, do do:

sh(S+1/2)y,

sh&
2

Tir (11) va (12) chiing toi ¢6 thé tinh dugc cac dai luong nhiét dong luc hoc caa chudi
spin nhu ning luong tu do F, ndi nang U va nhiét dung riéng C trong gan dung trudng
trung binh (MFA) va gan dung thing giang spin (SFA).

Inz, =—%.ﬁl (0)(b(¥p))" +N.In (12)

Thing giang spin dm co thé tinh dwoc théng qua cac ham twong quan giita cac thing

giang (5) cua cac thanh phan spin:
2 1/2
N
sm= (<5 S >J : (13)

Vi <5§2> =<§SX§SX>+<5S V53V>+<532532>, (14)

(552557 = Py 1

N o 1-po'(y)I(k,)

agga) DY) 1 .
<5S o3 >_ N %‘exp(y—ﬁb(y)J(kz))—l’ Y

& day b'(y) 1a dao ham cip mot ctia ham Brillouin.

(15)

Trong 1y thuyét thiang giang spin, khi tinh dén bac mot cua gan ding Gaussian , ching t6i
nhan dugc biéu thirc cho do tir héa tuong ddi cuia mdi spin:
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a3

a=Xx,y,

]

Tur (16) chung t6i tinh duoc dd cam tir cia moi spin c6 dang

b"(y) N
(1-8b'(y) 1 (k ))
om 1 oy b()
g @

#1 b(y)exp(y-b(y)J (K

(95“05%) = {s (S +1)—<5§2>} . (16)

, (17

(exp(y-pb(y)

)(2-p0'(y)I(k,))
3(k))-1)

& day b(y) la dao ham cép hai ctia ham Brillouin.

3. TINH TOAN SO VA THAO LUAN

Trong phan tinh toan s6, chiing toi str dung hang 5O tuong tac trao d6i giira cac spin lan
can gan nhat J nhu mot thang do nang luong mdi, cu thé truong ngoai s& dugc biéu dién
nhu h/J, tham sb twong tac ving xa 1a 1/J, nhiét d6 1a ks T/J va nhiét dung riéng 1a C/ke.

3.1. Sy phu thudc nhiét d¢ ciia cac dai lwgng nhiét dong luc hoc

Hinh 1. Su phu thudc nhiét dé cua do tir hoa
twong doi voi cdc gid tri khdc nhau cia tham
$6 twong tac ving xa I/J khi khong cé tir truong
ngodi trong gan diing trieong trung binh (MFA)
va gan ding thang gidng spin (SFA), ¢ ddy
S=1/2.

1I1=1,6,

S0F hiJ=0,0
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Hinh 2. Su phu thudc nhiét do cia do cam tir
Voi cde gid tri khdc nhau cia tham sé tiwong
tac vung xa 1/J khi khong co tir truong ngoai
trong SFA, o day S=1/2.
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Pau tién chung t61 tinh toan sy phu thudc nhiét do ctua cac dai luong nhiét dong luc hoc
v6i cac gi tri khac nhau cta tham sb twong tic ving xa 1/J khi khong c6 tir trudng ngoai
voi S=1/2. Khi h/J=0,0, do tir héa, ning luong tu do va dd cam tlr trén mdi spin nhu cac
ham cuta nhiét 46 o 1/J=1,2, 1,5, 1,6, 1,7 va 2,0 duogc chi ra trong cac hinh 1, 2, 3 va 4.
Céc két qua tinh sb chi ra c6 chuyén pha béc hai v6i cac tham sé dugc dua ra nhu trén
(hinh 2 va 4) va nhiét do toi han ksTc/J tang theo tuong tac ving xa. Pay 1a boi vi khi 1/J
tang, hai sb hang trong Ho ctia Hamiltonian H d6ng mét vai trd chinh khi twong tac ving
xa du 16n va chiém uu thé so véi tuong tac giita cic thing giang spin trong Hint, do d6
1am tang trat tu tir trong hé spin. Két qua nay hoan toan phu hop véi cac két qua duoc chi
ra trong [5] boi Li Jialiang va Lei Shuguo, dac biét ddi véi nang luong tu do F/J trong
MFA, cac két qua tinh sé kha phti hop. Tuy nhién, trong dd thi biéu dién nhiét dung riéng
Clkg theo nhiét d9, cac két qua ctia ching t6i chi ra mot dinh khong lién tuc, day 1a diém
chuyén pha bac 2 ctia hé spin va cling phii hop voi do thi biéu dién d6 cam tir yJ theo
nhiét do.
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Hinh 3. Sw phu thudc nhiét do cua nang lwong Hinh 4. Sy phu thudc nhiét do cua nhiét dung
tir do véi cdc gid tri khdc nhau cia tham sé  riéng véi cdc gid tri khdc nhau cia tham sé
twong tac vung xa I/J khi khong co tie truong  twong tac vung xa I/J khi khong co tie truong
ngoai trong SFA, ¢ day S=1/2. Hinh chén vao ngoai trong SFA, ¢ dday S=1/2.

chi ra nang luwong tw do trong SFA va MFA voi

11J=1,7.

Hon thé nita, tir hinh 1 ching ta cfing c6 thé thy 1a khi 1/J cang tang, nhiét do t6i han
trong SFA cang tién gan tdi két qua trong MFA, d6 1a vi khi tuong tac vung xa cang 16n
s€ lam giam di cac thang giang spin trong hé.

3.2. Sy phu thugc tir truwdng ngoai ciia cac dai lwgng nhiét dong lue hoc

Su phu thudc tir truong ngoai cua do tir hoa dugce chi ra trong hinh 5 khi nhiét d6 16n
ksT/3=0,8 va hinh 6 khi nhiét d6 nho keT/J=0,01 véi céc gia tri khac nhau cau I/J. Tur cac
ket qua tinh s6 trong cac hinh nay c6 thé thay 1a do tir hoa ting theo tir truong ngoai va

cudi cung dat td1 hang s6 khi tat ca cac spin dinh huéng hoan toan theo tir truong ngoai.
Pay 1a két qua cua su canh tranh giita ning luong nhiét va ning luong tir (duoc giy ra
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béi tir trudng ngoai) cua chudi spin. Mic khac tir 2 hinh nay ta con thiy rang khi nhiét 6
16n dan dén thing giang spin 16n, do d6 v6i nhimng truong hop 6 twong tac ving xa nhod
(1/3=0,6 va 0,8 trong hinh 5), luc nay cac thiang giang spin chiém wu thé nén khi tir truong
nho do tir hoa van chwa on dinh, khi 1/ ting 1én 1am giam dan céc thang giang spin dan
dén sy 6n dinh hon cta d6 tir héa. Khi nhiét d6 nho dan dén thing giang spin nhé (hinh
6), khi h/J=0,0 d6 tir hoa trong cac truong hop 1/J khac nhau déu cé gia tri khac 0, ddy
chinh la d¢ tr hoa tu phat c6 trong mdi vat lidu sét tir va véi treong hop 1/J=0,6 d6 tir hoa
ciing chua 6n dinh trong doan dau cua h/J.

1.5
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Hinh 5. Su phu thuoc twr truvong ngoai cua do tw Hinh 6. Sy phu thudc tir truong ngoai cua
héa véi cdc gid tri khdc nhau cia tham sé twong — dé tir héa véi cdce gid tri khdc nhau ciia
tac ving xa I/J, ¢ ddy S=1va ke T/J=0,8. Hinh chén tham sé twong tdc ving xa I/J, ¢ ddy S=1
vao chi ra thang giang spin. va ksT/J=0,01.

Hinh 7 chi ra sy phu thudc nhiét d6 ctia do cam tir va do tir hoa khi 1/1J=1,2 véi cac gia tri
khac nhau cta h/J. Co thé thay khi h/J ting dan, dinh cta d6 cam tir cling dich dan vé
phia ting ctia nhiét do, két qua nay tuong g véi nhiét do chuyén pha ting dan va bién
mat khi tir truong ngoai du 16n, nhu vay trat ty tur cia hé spin khong thé bi pha hiy mot
cach hoan toan bdi mot nhiét do hiru han khi ¢ tir truong ngoai du 1én.
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14 .
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12f Hinh 7. Sw phu thudc nhiét do cua do
cam tu voi cac gia tri khac nhau cia
10f tr trwong ngoai khi I/J=1,2, o ddy
gl S=1. Hinh chén vao chi ra sy phu
2 thuoc nhiét do cua do tw hoa, cdc
6 duong cong di tir trdi qua phdi tuong
A vng voi h/J tang dan tir 0,05 - 0,5
2 N
00
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Su phu thudc nhiét d6 va tir truong ngoai cua méj dai luong nhiét dong luc hoq trong tinh
toan cua ching t6i hoan toan phu hgp vai ly thuyét nhiét dong luc hoc cho hé sat tir [9].

4. KET LUAN

Duya vao md hinh Heisenberg XXZ véi cac tuong tic ving xa ddng nhét gitra cac thanh
phan Z Cua céc todn tir spin trong mot tir truong ngoai va ap dung phuong phap tich phan
phiém ham, cac tinh chit nhiét dong luc hoc cua chudi spin tuyén tinh da dugc nghién
ctru, cu thé 13 anh huong cua tham s6 tuong tac ving xa I/J 1én céc tinh chét nhiét dong
luc hoc ctia chudi trong gan ding truong trung binh va trong gan ding thang giang spin.
Cac két qua tinh s6 phu hop kha tét voi cac két qua cua cac tac gia khac trong cung diéu
kién. Hon thé nira, sy phu thudc nhiét do va tir trudng ngoai caa mdi dai lwong nhiét dong
lyc hoc trong tinh toan ciia chiing t6i hoan toan phu hop véi Iy thuyét nhiét dong hec hoc
cho hé st tu.
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Title: INFLUENCE OF LONG-RANGE INTERACTION ON THERMODYNAMIC
PROPERTIES OF QUANTUM SPIN CHAIN WITH XXZ HEISENBERG MODEL

Abstract: The thermodynamic properties of the quantum spin chain are investigated using the
functional integral method with the one-dimensional XXZ ferromagnetic model and long-range
exchange interactions among the z components of the spins. Temperature dependence and
external magnetic field strength of the thermodynamic quantities are given. Besides, influence of
the long-range exchange interaction on these properties of the spin chain is also studied. Our
numerical results are quite in agreement with ones of other authors for the XXZ spin chain.
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