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Tém tat: Ching toi dd nghién ciru céc tinh chét cua chudi Ising phan sét tir
khi c6 mat cua tir truong ngang h* va tir truong doc h*. Str dung phép chéo
hoa Hamiltonian va gan ding trudng trung binh, d6 tir hoa ngang va do tir
hoa doc cho hai phan mang ( T va ) duoc xé4c dinh. Tir d6 ching tdi thao
luan vé nhiing anh hudng quan trong cia tir truong ngang va tir truong doc
1én trat tu phan sit tir cia chudi Ising. Ngoai ra chung t6i ciing tim thay hién
tuong so le cia cac do tr hoa duoc giy ra bdi sy quay cua cac spin dudi anh
hudng cua cac tir truong.

Tir khoa: Mo hinh Ising ngang, chudi spin phan sit tir, gin ding truong
trung binh, tir truong doc.

1. GIOI THIEU

Gan day, nghién ctru cic hiéu ing duoc giy ra boi tir truong hdn hop (ngang va doc)
trong cac h¢ spin thép chiéu da thu hut duoc nhiéu sy quan tdm tir cac nghién ciru ¢ ca
hai mang 1y thuyét va thuc nghiém [1, 2]. M@ hinh Ising ngang (tranvese Ising model -
TIM), ticc 1a mo6 hinh Ising trong tir truong ngang, duoc gioi thicu lan dau tién vao
nhitng nam 1960 dé nghlen ctru chuyén tiép trat tu - bt trat tu trong cac hé sit dién
dang lién két hydro [3], c6 dang nhu sau:

H==guh*Y 87 =0 8 =3 J(rj—rju)S;S;,. (1)
j i i

Sau do, cac nha khoa hoc da thuc hién nhiéu nghién ctru dé 1am rd hon cac dac tinh cua
md hinh nay. Két qua 13, rat nhiéu tinh chat co ban cua qua trinh chuyén pha luong tir &
nhi¢t d§ khong tuyét dbi (0 K) cua cac h¢ luong tir va cac dac tinh ¢ trang thai co ban
ctia CAC hé ¢ su canh tranh twong tac cho dén nay di duogc chi ra [1]. Ngoai ra, mé hinh
nay ciing da cung cap mot sy mo ta tot dé phan tich mot s6 vat liéu tir di hudng trong
mot truong ngang [4].

Tuy nhién, da s6 cac nghién ctru déu tap trung vao hé Ising sat tir trong tir truong hdn
hop. Vi du nhu, phuong phap nhom tai chuan hod ctia TIM véi spin — 1/2 dugc st dung
dé nghién ciru sy chuyén pha sét tir gan nhiét @6 0 K [5], phuong phap ghép cap két hop
duogc sir dung dé nghién ciru sy chuyén pha bac hai theo tir truong ngang trong cac hé
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Ising sat tir voi spin — 2 [6], hay gian dd chuyén pha ctia TIM cho hé spin — 1 véi cac
tuong tac ngau nhién dugc nghién ctru sir dung 1y thuyét trudong hiéu dung [7]. Céc tinh
chét nhiét dong va toi han cia TIM cho cac hé sit tir (FM) va phan sit tir (AFM) 1
tuong duong nhau, tuy nhién khi c6 mat tir truong ngoai khac khong cac tinh chét nay
lai khac nhau rat nhiéu. Gan day, hién tuong tir truong ngang gay ra hién tuong do tir
hoé so le theo hudng vudng goc voi hudng cia tir truong ngang va sy chuyén pha lién
tuc xdy ra & cac gia tri nao dé cua tir truong cling di dugc quan sét trong hé phan sit tir
(AFM) gia mot chiéu Cs2CoCls [8] trong sy ¢6 mit cia tir trudng hdn hop.

Nhu vay c6 thé thiy cac hiéu tng dugc giy ra boi tir trudng hdn hop trong cac hé AFM
htra hen s€ dem lai nhleu két qua tha vi. Do dé, trong bai béo nay chung toi nghién ciru
mo hinh (1) trong gan dung truong trung binh cho chudi spin AFM . Bai bdo c6 cau trac
nhu sau: trong phan 2 ching t6i s& dua ra mo hinh 1y thuyét va cdc tinh toan giai tich dé
dua ra cac biéu thirc cho cac do tir hod, céac két qua tinh s6 va thao luan duoc dua ra
trong phan 3 dé thdy rd hon anh hudng quan trong ctia cac tir truong, trong phan cubi
dua ra céc két luan quan trong cua bai bao.

2. MO HINH LY THUYET

Ta xét mot chudi spin AFM gdém 2 phan mang A (T) va B (i) v6i N spin ndm trén
phuong x’Ox. Hamiltonian ciia md hinh chudi spin Ising vdi tuong tac trao d6i giita cac
spin 1an can gan nhét va chi xét twong tac trao ddi gitra cac thanh phan cua cac toan tir

spin theo huéng Oz trong mdt tir trudng ngoai h= h*ex +he, duoc cho boi:
1 Z Z| Z Z Z Z X X
H :—EZJ(Xi —X; )88 — g ugh AZSiA—hXAZSiXA—g,uBh BZsjB—h BZSJB. (2)

Trong biéu thuc (2), s6 hang thtr nhét 14 twong tac trao 601 theo mo h1nh Ising gifta céc
spin 14n c4n gan nhat, vi hé 14 AFM do d6 J <0. Bbn sb hang cubi lan luot 1a ning

luong cua hé spin trong truong ngang (h*) va truong doc (h?) twong Gtng véi hai phan

mang A va B.

Trong bai b4o nay, ching t6i chon dinh hudng trung binh cua céac spin la Oz, do do cac

thanh phéan clia cc toan tir thing giang spin dugc dinh nghia nhu sau:

é‘SiZA(B) _ SiA(B)z _<SizA(B)>' 5SixA(B) _ SixA(B), 5SiyA(B) _ SiyA(B)’ (3)

o day (.)=Tr(e”™..) /Tr(e’ﬂ”) 1a trung binh nhiét dong luc hoc va B =k,T .
Trong gin dung trudng trung binh bo qua cac thing giang spin , tic la
58S ® =0, a=x,y,z, vi vy, Hamiltonian (2) dwoc viét lai dudi dang khai trién
Fourier nhu sau:

H :%J (kx :O)<SizA><szB>_thZSixA_thZSxB ZﬂhASzA the SZB (4)
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& day u =g, vatruong hidu dung tac dung 1én mdi spin ctia modi phan mang duge cho
boi:

ha® =h® L~ 3" (k,=0 S®A (5)
" 29#3 ZJ: )< >

Hamiltonian trong (4) dugc chéo hoa theo phép bién ddi sau (xem [1]):

hA(B hlA(B) .
SiXA(B) — Shd SX 'A(B) + S-Z A(B)

7/A(B) luyA(B) (6)
A(B) hXA(B) 'A(B) hrﬁj( A(B)
SHAB) —___gXA®) | Thi__g2
J /J}/A(B) 7A(B)
XA(xB) 2
S (P D o

Trong phép chéo hda nay ching t61 sir dung mét h¢ toa d6 méi Ox'’z’, tuong Umg voi
phép quay h¢ toa d6 theo cong thirc (6). Ttr d6 chiing t6i viet lai Hamiltonian (4):

H =NJ(s)(s; >Zﬂ7ASZA ZW S 8)

Tir (8) ta c6 thé thay y* va y® dong vai tro cta truong hiéu dung tac dung 1én spin S**
va S'® trong hé toa d6 mdi Ox’z’ gidng véi truong hidu dung h’y va h’, trong (5) cua
hé toa do cti Oxz. Ta ¢6 nang luong tu do cia h¢ trong gén ding truong trung binh:

Foz_gln(Tr(e_ﬁH)) NI __(sh(SA+l/2)Y j (sh(SB+;L/2)YB]’
B gl sh(v*712) ) gl sh(v®/2)
©)

YA®) Z g AE) \/( Bub™® 1+ BIMEA Y + (A, (10)
Phan tiép theo ching tdi tim cac thanh phan x va z cua d0 tor hoa,
mZA=<SZA>, m? =<SZB> va mf:<SXA>, m? =<SXB>. Phuong trinh trong gan ding
truong trung binh ddi voi cac thanh phan m* va m® & nhiét d6 t6i han duoc thiét 1ap tir
diéu kién cuc tiéu ctia nang lugng tu do (9). Ta co:
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Fy _\gmew N het Y B 5 sh(S®™ +1/2)y 8™
A(B) z B(A) B(A)
om, g v sh Y )

Tir d6 chiing t6i tim duoc thanh phan cta d6 tir hoa theo phuong Oz hay con goi 1a d6 tir
hoa doc:

oY *® =0.

mA® — %b(Y MO, (11)
v
Ttr phép bién d6i (6), ta co
hA(B) . h *A®) y
(37) = S (87}« (57
<SZA(B)> :_—2;/;((3;) <sX'A<B>>+%(B)<SZ'A<B>>.

Mt khac, trong phép bién ddi méi:

<SX.A(B)>:0 va <SZ|A(B)>_L(B)<SZA(B)>=b(YA(B))_ (12)

G
hi

Vay thanh phan cta do tir hod theo phuong Ox hay con goi 1 do tir hod ngang:
mA,B _ hXA(B) b(Y A(B)>’

X A(B)

HY (13)
trong d6 b(Y*), b(Y®) Ia cac ham Brillouin

A(B)
b(Y"®)=(S*® + %) coth(S"® + %)Y A®) —%coth Y n (14)

3. CAC KET QUA TINH SO VA THAO LUAN

Trong pha‘fm tinh toan s0, chung tdi st dung hang s tuong tac trao d6i |J] giita cac spin
lan can gan nhat trong chuoi spin lam don vi, cu thé la tir truong ngang va doc s€ lan
luot dwoc biéu dién nhu H,=h*/|J| va H,=uh’/|J| va nhiét d6 rat gon la
T=k;T/]J].

Hinh 1 va hinh 2 chi ra sy phu thudc vao tur trrong ngang ctia do tir hoa ngang va doc

cua hai phan mang A va B véi cac gia tri khac nhau cua tur truong doc. T hinh 1 ching
ta co thé thay la trong truong hop khong cé tir truong doc (H; = 0), khi tang tir trudng
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ngang Hx, m A( ) giam dan vé khong, trong khi do mA( ) ban dau tir gia trj 0 ting dan

dén gia tri bao hoa, tic 14 lac nay trong hé dang xay ra mot sy chuyén pha tir trang thai
AFM trong do cac spin dinh huong theo phuong z sang pha FM ¢ do cac spin sap xép
theo phuong X. Tir d6 chiing ta c6 thé xac dinh duoc diém t6i han cia tir trudng ngang

Hic, 1a diém Gng v6i m, (H,.)=0 va m (H,.) dat gia trj bdo hoa. Tt hinh v& 1 ching
toi xac dinh dugc H,. =0.502 va gia tri nay phu thudc vao gia tri cua tir truong doc H..
Hanh vi phu thudc vao tir truong ngang cua cac d¢ tir hoa ndy ciing dugc quan sat trong
hé Cs2CoCls [8], sau khi chuyén pha dudi tac dung cua tir truong ngang, hé Cs2CoCls
dugec md tad nhu mot chudi trong mé hinh XY. Trong trudng hop H, #0, qua trinh
quay spin theo phuong cua tir trudng ngang dién ra phuc tap hon (xem hinh 2), lac nay
trat tu cua cac spin A dugc gitlr lai béi tir truong doc (boi vi Sa T ﬁz) va bi quay dudi
tac dung cua truong ngang, trong khi do cac spin B lai quay dudi tac dung cua ca trudong
doc (boi vi Ss T4 ﬁz) va truong ngang. Nhu vay, c6 thé théyqdu(_r‘c su canh tranh tuong
tac gilra tur truong doc, tir truong ngang va tuong tac trao doi, can cha y la twong tac
trao doi co tac dung duy tri trat ty AFM ban dau cua chudi spin.

SF=== o) ’ 05 F=-=

m

0 0. 02 03 04 0s 0.6 0 02 4_.‘~; 06 0K |
H_ H
Hinh 1. Su phu thuéc vao tir truong ngang cua  Hinh 2. Sw phu thudc vao tir truong ngang cua
do tw hod, o dayH, =0, 7=0.01vaS=0.5. do tw hod, o diay H, = 0.1, 7 =0.01 va S=0.5.

Hinh 3 va hinh 4 chi ra sy phu thudc vao tir truong doc cia do tir hod ngang va doc cua
hai phan mang A va B v6i cac gia tri khac nhau cua tir trurong ngang. Tt hinh 3 chiing ta
c6 thé thay 14 trong truong hop khong cé tir truong ngang (Hx = 0), do tir hoa ngang

m? ®) hoan toan bang khéng, luc nay chi cé su quay cua cac spin B dudi tic dung cia
tir trudng doc, va & ddy ching ta ciing c¢6 thé quan sat thy sy chuyén pha tir trat tu
AFM (.. T4 ) sang trat ty FM (... TTTT...) khi tir truong doc du 16n. Trong
truong hop H, #0 (xem hinh 4), ban dau do tir ho4 ciia hé bao gdm cé hai thanh phan
doc va ngang, khi tang tir truong doc chung ta ciing s& quan st thiy sy chuyén pha tir
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trat tw AFM (tuy nhién lac ddu cac spin phan cuc khong hoan toan do sy xuét hién cua
cac m*® 20, dan d¢én |m*® |<S) sang trat ty FM, tuy nhién qua trinh chuyén pha

nay dién ra phirc tap hon rat nhiéu so véi trudng hop Hy = 0.

Ngoai ra ching t6i cling tim thay hién tuong so le cuia do tir hoa dwoc biéu thi qua hai

dai lugng Am, =%(mf—| m?[) va Am, :%(mf ~m?) (xem hinh 5 va hinh 6) nhu dugc

quan sat trong hé Cs2CoCls. Hién tuong nay dugc giy ra boi s quay hoan toan khac
nhau cua céac spin A va spin B dudi tac dung cua tir trurong ngang va tir truong doc nhu
da duogc chi ra trong cac hinh 1, hinh 2, hinh 3 va hinh 4.

0.5 =
A
— -1
H
- = N

ALB
1

X

n

\(B)

m

D5k — =
0 02 04 06 08 |

H
Hinh 3. Su phu thuéc vao tir truong doc cua
do tir hod, o day Hc=0, 7=0.01vaS=05

£ |
<7 I __Am,H =001
1 ¥4 Zz
I __Am, H =001
I F .I X Z
1
|
0 L e e e e e e e e ]
_] L
0 0.5 1 1.5 2

X

0.5

AB)

m

0 05 | |.5 2

Hinh 4. Su phu thudc vao tir truong doc cua do
tir hod, ¢ day Hy=10.1, 7=0.01vaS=0.5
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Hinh 5. Mirc do so le ciia do tir hod duwdi anh hwdng cua tir truong ngang va tue triecong doc
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4. KET LUAN

Trong bai bao nay, ching t6i da chi ra cac dnh hudng quan trong cua tir truong ngang va
tu truong doc 1én cac do tir hoa cua hai phan mang cua chu01 spin Ising phan sét tir
trong gan ding truong trung binh. Tir trudng ngang da lam xuét hién do tir hoa ngang

m* =0, din dén su phan cuc khong hoan toan cua trat ty phan sat tir trong chudi Ising,
tre 1a |[m*?® |<'S . Ngoai ra, dudi tdc dung cua céc tir trudng nay, cac spin thudc hai
phan mang quay hoan toan khac nhau va la nguyén nhan gy ra cac su chuyén pha va
hién tugng so le cua do tir hoa trong chudi spin.
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Title: ISING MODEL FOR ANTIFERROMAGNETIC SPIN CHAIN IN MAGNETIC FIELDS

Abstract: We have studied properties of the Ising antiferromagnetic spin chain in the presence of
a transverse magnetic field h* and a longitudinal magnetic filed h’. Using Hamiltonian
diagonalization and mean field approximation, transverse magnetization and longitudinal

magnetization for two sublattices (T and ‘L) are determined. From these results, we discuss on
significant effects of the transverse magnetic field and the longitudinal magnetic field on the
antiferromagnetic order of the Ising chain. Besides, we also find out staggered phenomenon of the
magnetizations produced by the rotation of the spins under the influence of the magnetic fields.

Keywords: Transverse Ising model, antiferromagnetic spin chain, mean field approximation,
longitudinal magnetic field.



