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Tom tat

Tinh chat dong hoc spin cta hé ban din tir pha lodng do anh hudng cua thé twong tac tir duge xem xét thong qua khao
sat ham cam tmg spin dong ap dung cho mé hinh mang Kondo. Bing viéc 4p dung 1y thuyét truong trung binh dong,
ching t6i thu duoc hé phuong trinh ty hop cho phép xac dinh ham Green va ham nang luong riéng cua hat tai. Trén co
s¢ do, ching t6i tim duoc cong thire giai tich cho ham cam tmg spin dong trong cach tiép can Baym-Kadanoff. Két qua
tinh s6 thé hién rd buc tranh thing giang spin ctia hé ban dan tir pha lodng & pha thuén tir. Khi cudng do thé tuong tac
spin du 16n, ham cam mg xuét hién dinh cong hudng tai ving ning luong nho, thé hién sy thing giang spin khi hé tién
t6i gin diém chuyén pha thuan-sit tir. Két qua nay 1a co s& dé chiing ta khao sat chi tiét hon birc tranh thing giang spin
ctia hé ban dan tir pha loang noi riéng va nhimng hé c6 pha tap tir khac noi chung.

Tir khéa: Thing giang spin; ham cam tng spin dong; mo hinh mang Kondo; 1y thuyét truong trung binh dong.

Abstract

Dynamical properties of spin system due to magnetic coupling in diluted magnetic semiconductors are considered by
examining dynamical spin susceptibility function evaluated for the Kondo lattice model. In the framework of the
dynamical mean-field theory, we find a set of self-consistent equations to evaluate Green function and self-energy of
carriers, that help us derive analytical expression of dynamical spin susceptibility function by using Baym-Kadanoff
approach. Numerical results reveal a resonance peak at low frequency of the dynamical susceptibility spectrum in case
of large magnetic coupling, that indicates an enhancement of the spin fluctuations before the paramagnetic-
ferromagnetic transition point. The result can be extended to address in more detail the spin fluctuation properties in the
diluted magnetic semiconductors and other doped magnetic materials in general.
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1. Gioi thiéu

Khéo sat thing giang spin trong hé ban dan
tir pha loing (DMS) dang 13 chu dé thu hut sy
tap trung nghién ctru trong thoi gian gan day
[1,2]. Trong vat licu DMS, cac ion tir (vi du ion
Mn?*) duoc pha tap véi mot lugng rat nhé trong
ciu truc ban dan (vi du GaAs) [3,4]. Hé¢ DMS
vi vay vua c6 tinh chét tir caa hé pha tap tur lai
vira 6 tinh chit ctia mot ban dan. D6 1a co s&
dé phat trién vat liu ap dung cho cic hé
spintronics khi déng thoi luu trit va xir 1y thong
tin trong cung mdt vat liu. Vi nhiing hé
DMS, khi c¢6 pha tap tir, ham mat d trang thai
cta hé dién ttr thé hién hai vung, mQt vung tap
do dién tr twong quan manh véi ion tir con mot
ving dan cua dién tir trong cau trac ban dan.
Chinh nhing dién tr khong lap ddy trong ving
tap dong vai tro quan trong trong viéc hinh
thanh nhitng tinh chat thu vi caa hé DMS. Khi
do hé ¢ trang thai kim loai va c6 tuong quan tu
manh véi ion tir pha tap. Céac dién ttr nay quyét
dinh tinh chat tir cia hé. O vung nhiét d6 nho
va dai tap chua lip ddy, hé & trang thai sit tir
[3,4]. Khi tang nhiét do, thang giang nhiét pha
v& cAu trac trat ty tir va hé o trang thai thuan tir.
Bén chat cua chuyén pha thuan-sit tir trong hé
DMS dén nay van con nhiéu tranh cdi va nguoi
ta dang tim hiéu dé mo ta rd co ché cta chuyén
pha nay. Mot trong nhiing céch tiép can dé mo
ta duoc buc tranh chuyén pha thuan-sat tir trong
hé DMS 1a khao sat co ché thiang giang tir cia
hé & ving 1an can diém chuyén pha. Trong bai
bao nay, chiing t61 s€ khao sat rd su thdng giang
spin cia hé khi h¢ & pha thuan tur, ngay trén
diém chuyén pha thuan-sat tir ciia hé.

Pé mo ta tinh chit vi md cua hé DMS,
chung t61 st dung mé hinh Kondo mang, mot
mo hinh mé ta rat tét tinh chat cia hé 18 tréng
trong c4u trac DMS [3,4]. V&i mo hinh nay, hat
tai 1a 15 trong trong dai tap twong tac tir véi mo-
men tir dinh xr ctia ion tur pha tap. Khi h¢ dai

tap chua ldp day, hé & trang thai kim loai va vi
vy cac hat tai twong tac sit tir voi cac ion tir
pha tap hinh thanh trat tu tir cua hé khi nhiét do
thap. P& don gian, ching t6i xem tuong tac tir
gitra spin cua hat tdi va moémen tr dinh xtr 1a
tuong tac Ising, tirc chi thanh phan z cta spin
va mémen tu dinh x dugc xem xét. Viéc gian
lugc nay lam cho cac tinh toan gidi tich ciing
nhu tinh sb tiép theo ciia ching t6i tré' nén don
gian hon bang 1y thuyét trudng trung binh dong
(DMFT), trong khi d6 tinh chit twong quan tir
ciia hé khong bi anh hudng [5-7]. Ly thuyét
DMFT 1a mét cong cy thanh cong trong viéc
giai cac bai toan dién tr tuong quan manh [8]
va ap dung tot trong viéc khao sat cac tinh chat
tir ciia hé DMS [9-11]. Trong bai bao nay, bang
viéc ap dung ly thuyét DMFT, ching t6i thu
dugc hé phuong trinh tu hop, tr d6 xac dinh
dugc ham Green va ham nang lugng riéng cua
hat tai. D6 1a co so dé ching t6i thiét 1ap cong
thtre gidi tich xac dinh ham cadm tng spin dong
bang gan dung Baym-Kadanoff [12,13]. Két
qua tinh s6 cta ham cam Ung spin dong xuat
hién su ton tai dinh nhon & vung nang lugng
thap. Piéu nay khang dinh sy cong hudng thing
gidng spin ciia hé khi thé twong tac tir da 16n &
vung nhi¢t do gﬁn vo1 nhiét do Chuyén pha
thuan-sit tir. PO 1a co s& dé chung ta co thé
hiéu 18 birc tranh trang thai spin cta hé trudc
khi c6 chuyén pha trat ty. Két qua ctia chung toi
hoan toan c¢6 thé dugc md rong dé khao sat
thang giang spin cia cac hé co6 pha tap tur khéc,
vi du h¢ manganite pha tap.

Bai bao dugc chia thanh 4 phan. Trong phan
2, chiing t61 gidi thiéu mo6 hinh mang Kondo va
101 giai cua 1y thuyét DMFT ciing nhu céc tinh
toan giai tich dé tim ham cam Gng spin dong.
Phan 3 trinh bay két qua tinh s va thao ludn.
Cudi cung la cac két luan, duoc dua ra & phén 4
cta bai bao.
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2. Mo hinh va tinh toan giai tich

Dé mo ta tinh chit cua hé hat tai trong hé
DMS, ching t6i sit dung md hinh mang Kondo.
Trong biéu din s6 1ap day, Hamiltonian mo ta
hé hat tai twong quan tur véi cac ion tir pha tap
duoc viét nhu sau:

H=-t> clc,+23> aS'si +p.n,
(i,j)o i i (1)
trong do, Cio (Ci") la cac toan tir sinh (huy) hat
tai tai nlt 1 c6 spin o, nhu vay, sb hang dau tién
mo ta sy nhay nit hay dong nang cua hat tai voi
t 1a tich phan nhay nut gitra hai hat tai ¢ cac nat
lan can gan nhat. 5 £ va Si 1an luot 13 cac toan
tlr spin ctia moémen tir dinh Xt va cua hat tai. O
day, ching t6i chi quan tdm téi thanh phan z
cua spin, J vi vay dugc goi la thé tuong tac
Hund gitra spin cua hat tai vdi spin dinh xu. ai
1a tham s thé hién hé nut i c¢6 pha tap tir néu
ai=1 va khong pha tap tir néu ai=0. RS rang,
néu oi=1 cho moi nut mang i, Hamiltonian (1)
tré vé mo6 hinh mang Kondo thong thuong. Chu
y rang, trong Hamiltonian (1), p 1a thé hoa.
Hamiltonian trong phuong trinh (1) dugc
khao sat trong khuén kho cua 1y thuyét DMFT,
khi d6 ham Green cua hat tai trong gan dung s6
chiéu v6 han hoan toan dinh x@, n6é chi phu
thudc vao tan s§ Matsubara “n theo cong thirc

- 1
G, (im,) :Idé‘/?(g) i —c+u—-3_ (o)’ )

véi O T (2n+1)zT la tin sb Matsubara
fermion va T 1a nhiét o tuyét doi. Trong cong

thuc (2), Z, (o) la ndng lugng riéng cua dién
t, cling hoan toan dinh xtr va chi phu thudc

vao tan s6 Matsubara va p(€) 1a ham mat do
trang thai cua hat tai khong tuong tac.

Trong 1y thuyét DMFT, ham Green cua hat
tai viét & phuong trinh (2) phai tring véi ham
Green cua hat tai xac dinh tor Hamiltonian (1)
[5]. Trén co s& cua tich phan phiém ham, ta thu
duoc

) WaS
G, (iw,) = Z G (i) Jsoa @A)

O day, cac hé s6 Was dong vai tro tham sb
trong khdi, s 13 hinh chiéu ciia momen tr dinh
XU 1én truc z. G_(iw,)1a ham Green cua truong
hiéu dung cua truong trung binh dong khong
tuong tac. Dé thu duoc hé phuong trinh tu hop,
chung ta sir dung phuong trinh Dyson.

G (i) =G"(iw,)-2_(i®,). 4)

Trén co s& két qua cua ham Green va ning
luong riéng cia hat tai, ching ta cé thé xéac
dinh ham cdm tng spin dong. Ham cam tng
spin dong cua h¢ hat tdi dugc dinh nghia nhu
Sau:

A :
2(qiq) = [dre* Y e™ (s'(R;,7)s(0,0)),

trong d6 ®l=2zIT 1a tin s Matsubara boson,
B=1/T, va

SZ(Ri,r)=%ZC;(T)0CiU(T)

la toan tr spin cua hat tai tai nit tha i. Trong
gan ding Baym-Kadanoff, ham cam tng spin
dong co thé viét dudi dang tuong minh

I (o, o)

x(0,iw,) :TZ

o L, (ia)n,icol);(o_l(q, lo,,i0) -0, (io,,io) , (5)

V6i x,(0,im,,i@) 1a ham cam tmg dong khong tuong tac ctia hé dién tir 16 tréng, c6 dang

2@, i) =Y G(K,i0,)G(k +q,im,,,)
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Fo— (ia)n’ |C()|) = Go— (ia)n)zo— (Ia)n)[gc;l(la)n) + g;l(ia)ml )]

va
Z,(im,)

0O (o, iw)=—>—-""—
0(0)” a)l) ZGU(Ia)m—I)

+G, (i, XIG, (i, )T -3 H+W,, —W,,) o,

16,4 (0,)+ G, (0,,) | -2, (i0,,)IG, (ie,.,)]
(Wl,—l - Wl,l) Jo

+3%8_(iw,,,).

ZGO— (I a)n )Ga (ia)n+l )

Nhu vay, ching ta da thu dugc ham cam ung
spin dong, viét tudng minh nhu 13 ham ctia ham
Green va nang luong riéng cua hat tai. Véi két
qua tinh s6 cua 1y thuyét truong trung binh
dong, chung ta co thé thu duoc két qua ctia ham
cam Ung spin dong nhu la ham cta cuong do
tuong tac tur J.

3. Két qua tinh s6 va thio luin

Tir két qua tinh toan giai tich chung ta ¢ thé
xac dinh dugc ham Green va nang lugng riéng
ctia hé hat tai bang viéc giai s hé phuong trinh
tu hop. Bat dau bang tap gia tri cho trudc cla
ham nang lugng riéng X_(iew,) tir phuong trinh
(2) ta xac dinh ham Green cua hat tai. Thay két
qua vtra tinh vao phuong trinh (4) ta xac dinh
dugc ham Green cua truong hi¢u dung
G (im,), tr d6 xac dinh lai ham Green cua hat
tai theo phuong trinh (3). Gia tri cia ham Green
cung voi ham Green cua truong hiéu dung
G (iw,) & budc trudc duge s dung dé tinh
ham nang luong riéng tr phuong trinh Dyson

(4). Ham nang luong riéng nay lai dugc su
dung & phuong trinh (1) cho vong lap tiép theo.
Qua trinh giai ctr thé lap di lap lai dén khi su
khac nhau vé gia tri niang luong riéng & cac
budc lién ké khac nhau khong nhiéu thi ta c6
thé két thuc vong lap. Két qua ta thu dugc 1oi
giai tw hop cho ham Green va ham nang lugng
riéng ctia hé dién tir bang 1y thuyét trudng trung
binh dong. Két qua nay thay vao phuong trinh
(5) cho ta su phu thudc ctia ham cam tng vao
tan s6 va xung luong. Trong két qua dudi day
cia ham cam (ng, chung t6i ¢ dinh gia tri
nhiét d6 T=0.05, trong truong hop gidi tap
duoc lap ddy mot nira n=x/2, v6i x=0.1 dam
bdo h¢ & pha thuin tir. Cac thang nang lugng
dugc xac dinh trong don vi nang luong t=1.
Ham cam tng spin dong duogc gia thiét 1a dinh
XU trong gan dung s6 chiéu vo han, né dugc xac
dinh nhu 1a phép tinh tong tit ca cic xung
luong c6 thé q, y(im,) = Z,x(io) /N, v6i N
la s6 nut mang tinh thé.

5x107 '
4x10°

3x10°

[ oS Y

11l
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|

Hinh 1: Phan 4o ctia ham cam tmg spin dong phu thudc vao tan sb cho cac gia tri khac nhau cua thé twong tac Hund J
nho cho trudong hgp: T=0.05, n=0.05, va x=0.1
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DPé mo ta buc tranh thing giang spin do anh
huong cua thé twrong tac tir trong hé ban dan tur
pha lodng, ching t6i khao sat phan 4o ctua ham
cam ung spin dong khi thay doi thé tuong tac
Hund. Hinh 1 mé ta phan 4o ciia ham cam ung
spin dong Imy(w) nhu 1a ham cia tin s o cho
cac gia tri khac nhau cua J & nhi¢t d6 T=0.05.
Chu ¥ ¢ ddy ching t6i da chuyén biéu dién theo
tan s6 40 Matsubara i@ thanh tin s thuc o
bang phép kéo dai dai tich im) —o+i0*. Két qua
cho ta thay khi thé twong tac tir nho J < I, hat
tai cu xt nhu hé ty do va hau nhu khong c6 cAu

truc dinh trong ham cam Ung spin dong. Tuy
nhién, khi ting thé twong tac 1én J=2, dinh
cong huong xuit hién mot cach rd rang hon &
ving tan sb nho trong phd ciia ham cam ung
spin dong. Chu y rang, dinh cua ham cam tng
spin dong thé hién su ton tai cta trang thai cong
huong phan anh trang thai tir két hop trong hé
pha tap tir va d6 nhon cua dinh ti 1€ v6i thoi gian
song cua trang thai két hop. Piéu nay khing
dinh, khi thé twong tac tir dii 10n, thang gidng tir
bat dau hinh thanh, hAm cam tng spin dong xuét
hién dinh nhon tai tan sd cong huodng.

0.08 ‘
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Hinh 2: Phan 4o ctia ham cam tmg spin dong phu thudc vao tan sé cho cac gia tri khac nhau cua thé twong tac Hund J
160 cho truong hop: T=0.05, n=0.05, va x=0.1.

O Hinh 2, ching t6i mé ta sy phu thudc phan
4o cta ham cam ung spin dong cho cac gia tri
16n hon cua thé twong tic Hund J. R® rang,
tang thé twong tac, dinh cia ham cam mg spin
dong ludn xuét hién & vung tan s6 nho, dinh
cang nhon khi J cang ting. Piéu nay thé hién
thing giang tir manh twong tmg véi sy on dinh
trang thai tir két hop khi thé twong tic tir cang
16n. Chu y rang, ching ta dang khao sat truong
hop dai tap 1ap ¢y mot nira. Trong truong hop
nay hé & trang thai kim loai thuan tur. Diéu nay
cho chiing ta thy, khi ting thé tuong tac, trong
quan tir 1am ting cudng trang thai tir két hop &
gin diém chuyén pha va hé c6 xu hudng
chuyén sang trang thai trat tu sit tir. Két qua

nay néu bat 1én xu hudng chuyén sang trang
thai trat ty tur ciia hé tr pha thuén tir. N6 cling
cho chiing ta biét ban chat thing giang tir cla
hé khi hé sap chuyén sang pha trét tu.

4. Két luan

Bang viéc st dung moé hinh mang Kondo ap
dung cho hé hat tai lodng c6 tuong tac tur voi
spin dinh xtr & dang Hund, ching t61 da khao
sat birc tranh thing giang spin ciia hé ban dan
tir pha lodng trong pha thuan tir gan voi diém
chuyén pha khi thay doi thé twong tac tir. Trén
co sO cua 1y thuyét truong trung binh dong,
chung t6i thu dugc hé phuong trinh tu hop cho
phép xac dinh mdt cach tu hop ham Green va
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ning luong riéng cua hat tai. Do 1a co so dé
chung t61 xay dung cong thirc xac dinh ham
cam ung spin dong trong gin ding Baym-
Kadanoff. Két qua tinh sb ciia chung t6i khang
dinh khi thé tuong tac Hund du 16n, ham cam
g spin dong xuat hién dinh nhon ¢ ving tan
) thép. Diéu nay khang dinh sy ton tai trang
thai két hop tir do thing giang spin cua hé khi
gin diém chuyén pha thudn-sit tir. Trang thai
két hop cang tré nén rd rét khi tang thé tuong
tac tir. Két qua dong vai trd quan trong dé mo ta
mdt cach truc quan buc tranh thdng giang spin
cua h¢ khi h¢ c6 xu hudng hinh thanh trang thai
trat ty sat tr & mot nhiét do xac dinh khi thé
tuong tac tr du 1on.
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