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Tom tat

Gian d6 pha mé ta sy hinh thanh trang thai ngung ty exciton ¢ nhi¢t do T=0 trong h¢ c6 chuyén pha ban kim loai ban
dan dudi sy anh huéng cia ap suit ngoai dugce thiét 1ap thong qua khao sat tinh chat ciia ham cam ung exciton tinh
trong mo hinh Falicov-Kimball mé rong c6 tinh t6i tuong tic dién tir- phonon. Str dung gin dang Hartree-Fock khong
gid1 han, chung t6i da thu dugc hé phuong trinh ty hop xac dinh tham s6 tréat tu, tir d6 tinh dwoc ham cam ung exciton
tinh bang gan dung pha ngau nhién. Két qua tinh sé cho thiy, vi mot gia tri xac dinh ciia hang s tuong tac dién tir -
phonon, ta ly()n tim thiy trang thai ngung tu exciton khi 4p sudt ngoai du 16n. Khi ting din 4p sudt ngoai, hé ¢ xu
hudéng chuyén tir trang thai ngung tu exciton dang BEC sang trang thai ngung tu exciton dang BCS khi tang cuong do
tuong tdc Coulomb. O cung mot diéu kién ap sudt ngoai va the tuong tdc Coulomb, tuong tac dién ti-phonon dong vai
tro quan trong trong viéc mé rong pham vi ton tai trang thai ngung tu exciton trong hé.

Tir khéa: Gian dd pha ngung tu exciton; cam tng exciton tinh; md hinh Falicov-Kimball mé rong; lién két dién tir -
phonon; &p suat ngoai.

Abstract

Groud state phase diagrams of the excitonic condensation in semimetallic-semiconductor transition materials in the
influence of the external pressure have been established by analyzing the signatures of the static excitonic susceptibility
function in the extended Falicov-Kimball model involving the electron-phonon. Using the unrestricted Hartree-Fock
approximation, we have derived a set of self-consistent equations determining the excitonic condensate order parameter
and then the static excitonic susceptibility in the framework of the random phase approximation. The numerical results
release that for a given electron-phonon interaction, one always finds a stability of the excitonic condensation state as
long as the external pressure is suffiently large. As increasing the external pressure, the BEC excitonic condensate
might be formed and then replaced by the BCS excitonic condensation state if the Coulomb interaction is increased. At
a given external pressure and Coulomb interaction, electron-phonon interaction also plays an important role in
stabilizing the excitonic condensation state in the systems.
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1. Pit van dé

Exciton 1a mot gia hat trung hoa vé dién, 1a
trang thai két cip cua 16 tréng ¢ ving hoa tri
v6i dién tr & ving dan nho tuong tic Coulomb
[1]. Do do, exciton c6 spin nguyén va dugc
xem la gia hat boson c6 thé ngung tu khi mat
d6 du 16n va & nhiét 4o du thap. Co thé noi,
trang thai ngung tu exciton dugc tién doan nhu
mot trong nhirng trang thai co ban trong cac hé
¢6 chuyén pha ban kim loai — ban dan va da
duoc tap trung nghién ctru vé mat 1y thuyét tir
hon 60 ndm trude [2, 3]. Trang thai nay con
duoc goi la trang thai dién moi exciton
(excitonic insulator — EI). Mac du vay, do thoi
gian sdng ciia exciton ngan nén nhitng quan sat
thuc nghiém vé trang thai EI dén nay van con
khiém tén. Dé tao duoc cac exciton bén hon,
nguoi ta thuong st dung cac vat liéu ban kim
loai, ban dan tao nén tir nhitng vat liéu c6 ciu
tric hai 16p dugc lam tir graphene,
dichalcogenide kim loai chuyén tiép, hay ban
kim loai Weyl,... Cac két qua thyc nghiém trén
cac vat li¢u nay da khéng dinh chic chin sy ton
tai cua trang thai ngung tu exciton [4-6].

Vé mit 1y thuyét, mo hinh Falicov-Kimball
mo rong (extended Falicov-Kimball — EFK) la
mot trong s6 nhimng mé hinh thudng dugc sir
dung rong rdi dé nghién ctru trang thai EI [7-9].
Tuy nhién, véi viéc st dung moé hinh nay,
nguoi ta chi quan tdm té1 tuwong tdc Coulomb
gifta dién tr va 18 trong ma bo qua twong tac
gitra dién tr véi phonon. Trong khi d6, tuong
tac ndy dong vai trd quan trong trong viéc hd
tro su Kkét cap dién tu - 16 tréng hinh thanh
exciton va thiét 1ap trang thai ngung tu cta hé
exciton. Trong mdt vai nghién ctru trudce, ching
toi da phan tich sy hinh thanh trang thai EI
trong mot s6 vat lidu c6 chuyén pha ban kim
loai-ban dan théng qua khao sat tinh chit cua
tham s trat tu trang thai EI trong mo hinh EFK
¢6 tuwong tac dién tir - phonon [10 - 13]. Két qua
cho thdy exciton ngung tu & nhiét do thap,
trong khoang gitra hai gié tri t61 han cua cuong

d6 thé tuong tac Coulomb. Trong gi6i han
tuong tac yéu, 0 cac hé ban kim loai, exciton
ngung tu trong trang thai dang BCS nhu céc
cip Cooper trong 1y thuyét siéu dan cua John
Bardeen, Leon Cooper va Robert Schrieffer
[14]. Khi tuwong tac Coulomb du 16n, do dich
chuyén Hartree tach cac dai dan va dai hoa tri,
hé chuyén sang pha ban dn thi cac exciton lién
két chat hinh thanh trudc d6 lai ngung tu trong
trang thai dang BEC nhu nhiing nguyén tu
trung hoa. Giao nhau cua hai trang thai ngung
tu dang BCS va BEC cua exciton ciing da dugc
xem xét. Tuy nhién, bang viéc nghién ctru tinh
chét ctia tham sb trat tu, ta chi c6 thé hiéu duoc
dic diém cua su ngung tu & dudi diém chuyén
pha. Do d6, dé c6 thé hiéu mot cach day du va
chi tiét vé chuyén pha trang thai EI trong hé,
can phai nghién ctru dic diém dong hoc cia sy
ngung ty ca & trén va dudi diém chuyén pha.
Dé nghién ciru sy ngung tu & trén diém chuyén
pha, nguoi ta thudng xem xét tinh chat clia ham
cam {mg exciton tinh. Bén canh do, bang viéc
khao sat cac tinh chat nhiét dién dong cua hé
ban din khe hep dat hiém TmSeossTeoss, P.
Wachter va cong sy dd khang dinh su ton tai
cua trang thai EI & nhiét do dudi 20K va trong
khoang ap suat tir 5 kbar dén 13 kbar, xung
quanh vi tri chuyén pha ban kim loai — ban dan
[14, 15]. Do d6, nghién clru anh hudng cua ap
sudt ngoai 1én sy hinh thanh trang thai EI trong
h¢ 1a cén thiét.

Trong bai b&o nay, ching t6i nghién ctru 1y
thuyét vé sy hinh thanh trang thai EI trong mo
hinh EFK ¢6 lién két véi phonon thong qua
phan tich tinh chat cia ham cam ung exciton
tinh dudi anh hudng cua ap suit ngoai. Bang ap
dung gin ding Hartree-Fock khong gi6i han,
chung t61 rat ra hé phuong trinh tu hop xac
dinh céc gia tri ki vong, tir d6 tim ra ham cam
{ing exciton tinh théng qua sir dung gan dung
pha ngiu nhién. Tir cac két qua tinh toan giai
tich, chiing toi thiét 1ap chuong trinh tinh sb xéac
dinh gia tri cda ham cam ung exciton tinh va
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nhd d6 thiét 1ap dwoc cac gian d6 pha mo ta
chuyén pha trang thai EI trong hé & nhiét do
khong.

Bai bao duoc chia thanh 4 phan. Trong phan
2, chiing t6i gi6i thiéu mé hinh EFK c6 lién két
v6i phonon, dong thoi trinh by cac tinh toan
giai tich dé rat ra hé phuong trinh ty hop xéc
dinh tham sd trat tw va ham cam ung exciton
tinh. Giai hé phuong trinh tu hop bang phuong
phap tinh 30, chung t61 xac dinh dugc gia tri
cta ham cam ung exciton tinh. Tur d6, chung t6i
trinh bay cac két qua tinh s6 va thao luan trong
phén 3. Cudi cung la céc két luan duoc duara &
phan 4 ctia bai bao.
2. M6 hinh va tinh toan gidi tich

Hamiltonian cia mé hinh EFK c6 lién két
v6i phonon dugc viét trong khong gian xung
luong dudi dang sau

H=H;+H,,, (1)

trong d6, thanh phan khong twong tac ctia hé
dién tir — 15 tréng — phonon 1

2 — t f gt t
Hy= Z[Eﬁchch T & fie frot woby Iy )

k )
véi g (e ), fil (fi) VA V6i Bl (By) 1an luot 1 cac
toan tir sinh (huy) cua cac dién tir ¢ trén dai
dan, dién tir f trén dai hoa tri va phonon mang
xung lugng k. Trong d6, wy 1a nang luong
khong tan sic ctia phonon, con ning luong tan
sdc cta cac dién tir ¢ - f duoc cho béi

E:ifl' = o) _pelf)y @)
voi e va t°Y) tyong Gng 14 nang luong tai
nat va tich phan nhay nut cua dién tir c(f);
Vie = 2(cosk, + cosk,) chi buéc nhay trong
mang tinh thé hai chiéu hinh vudéng véi hang s6
mang a = 1 va g 14 thé hoa hoc. S6 hang con lai
trong Hamiltonian (1) md ta phan tuong tac bao
gom ca tuong tac Coulomb va twong tac dién
tir- phonon

. g
Hine = N Z Clt+qckffht—qfk + ﬁz [ﬁhqfh{biq + bq) + fl-.Tch [b:lr + b—q)] 4)
k.q

kkig

v6i U 14 cuong do thé tuong tic Coulomb gitra
céc dién tir ¢ - f va g 1a hang s lién két dién tir-
phonon. O day, N chi sd nit mang trong tinh
thé.

Ap dung gan dung Hartree-Fock khong gidi
han, bé qua thing gidng va cac hing sb thi
Hamiltonian trong phuong trinh (1) dugc tach
thanh hai phan nhu sau

arUHF __ aprUHF arUHF
HUHF = prURF 4 3l (5)

trong d6 phan dién tir c6 dang

HIHF = Z[Eﬁc{ 6+ ELA fiot Mg fict fil )]

k
vOl1

k

gclif} _ s;':f} + gnfie

(6)

(7)

1a nang luong tan sic tai chuan héa cua cac dién tir ¢ (f). Phan phonon la

HIHF = w, Z by by + VNR(bI +b_)

k

(8)

s an 1 . 1 X \ A A ‘A , NPT , ,
& day, n® = ;Eh{’ﬁtc}:} van' = ;Ek{ fkT fi) 1an luot 1a mat d6 cua dién tir ¢ va dién tir f duoc xac

dinh boi
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{c{ch} =nf (&)

{f]:fk} — ]‘T,F (é{;j (9)
trong d6 n (€) = (1 + e¥T) 713 ham phan bd Fermi-Dirac v6i T 1a nhiét do tuyét doi.
Trong cong thirc (6) va (8), cac truong thém vao A va h dugce xac dinh nhu sau
U g
_ t 10
A= _Ez{ckﬂfh}"',_-ﬁ{biq_'_b—q} (10)
= v
(11)

g
=TS (et )
k

O day, A va h déu chta s6 hang lai hoa dic
trung cho trang thdi ngung tu exciton
{L"]Lq fi} nén chung dugc xem 1a tham s6 trat tu
trang thai ngung tu. Khi tham sd trat ty khac
khong, thé hién sy lai hoa manh gitta cac di¢n
tr ¢ — f, do d6 co thé khang dinh hé ton tai
trong trang thai EI. Viéc khao sat tinh chat cia
tham s trat tu dé nghién ctru sy hinh thanh cta

trang thai EI da dugc ching t61 thuc hién trong
cac nghién ctru trude d6 [10 - 13].

Trong nghién ctru nay, dé mé ta rd hon tinh
chat dong hoc ciia chuyén pha trang thai ngung
tu exciton phia trén diém chuyén pha, ching toi
phan tich thém tinh chat cia ham cam {ng
exciton tinh. Hdm cdm ung exciton tinh trong
khong gian xung lugng dugc xéc dinh boi

1
$(@.0) = =3 ) (Al oealelsqfin). (12)

bkt

St dung Hamiltonian (1) dé viét phuong trinh chuyén dong cho ham Green hai hat ta thu dugc

& (i Chrg gty o F Vi = () — (nfg)

+(. EJ:'r:|:+r;|' -

Ei) {{fchk+q | C;,rf.l.qfk“ W

u
+E;IZ {{[f;ck;fkt_ﬂ';fk+q_q; - cz'f‘il';ck;fkt_f?;ck"'q)chf‘fﬂ‘f‘kr}}"‘" (13)
.q.

g
+ ﬁz {{[fkaHq—q-_ B €E+q._ck+q)(biq1 +bq1]|¢;rf+q.fk’}}u
G

Viét tiép phuong trinh chuyén dong cho cac ham Green bac cao va sir dung gan ding pha ngiu
nhién, chung ta thu dugc biéu thirc cudi cing xac dinh ham cam tng exciton nhu sau:

—x"(q, )

(g w) =

1+|U-—

2g%w,

(14)

z 0B
w? — mé _2gtagx (q.w)

x%(qw)

1+ Ux*(q w)
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vil

{n]m,}

1O (nf) — (nf
7% (q,.0) =—Z
N m—qu-I- E‘

B (ng_ q} —(nf)
7% (q,w) = NZ

m—E +£ll a

trong d6 (nl} = (£ fi) V& (nf) = (c] ) duoc
xac dinh theo cong thure (9).

Trong bai bao nay, pha ngung tu exciton
duoc xac dinh théng qua xem xét tinh chat cua
ham cam ung exciton tinh y(q, @) tirc 1a khi
w— 0. O day, ching toi ciing chi xét cac
exciton c6 xung lugng khdi tam g = 0 tham gia
vao hinh thanh pha ngung ty. Diéu nay I hoan
toan phu hgp vdi trang thai cua exciton da dugc
quan sat gan day trong vat liéu Ta.NiSes [16,
17] ciing nhu cac nghién ctru ly thuyét trude do
cua chang t6i [18]. Do do, ching t6i tap trung
khao sat ham cam (ng exciton tinh ¥ = x(0,0)
v6i cong thirc tong quat duoc xac dinh trong
cong thuc (14). Nhu vay, cac phuong trinh (6)
va (9)-(11) cho ta hé phuong trinh ty hop xac
dinh tham sd trat tu trang thai EI va tir do co thé
tinh dwgc cu thé gia tri cia ham cam Ung
exciton tinh tir cac phuong trinh (14)-(16).

3. Két qua tinh s6 va thio luin

Tir cac két qua tinh toan giai tich ¢ phan
trude, ching t6i thiét 1ap chwong trinh tinh sé
giai ty hop céc phuong trinh (6) va (9)-(11) dé
tr d6 c6 duoge két qua cu thé ctia ham cam ung
exciton tinh. Trong phan nay, ching tdi trinh
bay cac két qua tinh s6 nhan duoc dé thao luan
anh huong cua &p suat ngoai Ién su hinh thanh
trang t '

ng va thuc hién
"n N =500x% 500

ni mang. C 1g-
va tf = 0.3 < t°thé hién dai hoa tri hep hon
dai dan hay dién tir f dinh x hon. Sy chénh
léch giita hai gia tri ning luong, & — £7,thé
hién mirc d§ xen phu gitra cidc dai nang lugng

(15)

(16)

cua dién tir ¢ va dién tur f. Trong nghién ctru
nay, voi sy lya chon £ = 0 thi ndng luong tai
nat e cua dién tir f thé hién mac d6 xen phu
giita hai dai, ddc trung cho kha ning lién két
gitta cac dién tir va 16 trong dé tao thanh
exciton do 4p suat bén ngoai gay ra [15, 19]. Vi
vay, khao sat tinh chit cia ham cam Ung
exciton tinh theo ning lugng tai nut £7s& cho
thiy anh huong cuia 4p suat ngoai 1én sy hinh
thanh trang thai EI trong hé.

Trudce tién, ching t61 khao sat sy hinh thanh
trang thai El trong h¢ dudi anh hudng cia ap
suat ngoai khi hang s lién két dién tir - phonon
du 16n trong trang thai co ban tirc 1a tai nhiét do
T = 0. Hinh 1 biéu thi su phu thudc cua tham s6
trat tw A va ham cam ng exciton tinh ¥ vao
ning luong tai nit £ cta dién tir f véi mot vai
gid tri cia U khi g = 0.6. Hinh 1 cho thiy tng
vol mot gia tri xac dinh cua thé tuong tac
Coulomb U, tham sb trat ti chi khac khong hay
trang thai EI chi dugc thiét 1ap khi ning lugng
tai nut =7 16n hon mot gia trj t6i han hay ap suit
ngoai tac dung 1én hé du Ién. Giam &p suat
ngoai 4p dung lén hé lam giam 7, hay giam
murc do xen phu gitra hai dai ndng luong, do do
lam giam kha ning két cip cta cac dién tir c
véi dién tir f hinh thanh exciton nén trang thai
ngung tu bi suy yéu thé hién boi su giam gia tri
cta tham sé trat tu. Khi ap suit nho hon gia tri
to1 han, trang thai lién két bi phé huy hoan toan
va hé chuyén sang trang thai 1ong cta dién tir -
16 trong. Tang cuong do thé twong tac Coulomb
U, lam tang cuong lién két giira cac dién tir - 16
tréng hinh thanh exciton nén tham sb trat tu
tang lén. Nhung tang U ciling lam tang sy phan
tach giita dai hoa tri va dai dan do dich chuyén
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Hartree, gia tri toi han cia 4p sudt ngoai tac
dong lén hé do do cling tang lén 1am cho gia tri
téi han cta =7 cling ting theo.

10 T

= P .
BT B L tes
----- U=3.0 b ’

84_ _ _ I
v i L E 2.0
o
AR 1.5
- <
-4

Hinh 1: Tham s6 trat tw A (dwdng lién nét-biéu twong)
va ham cam ung exciton tinh ¥ phu thudc vao

ning luong tai nat &7 khi U thay déi tai g = 0.6.

R& rang 14 v6i viée phan tich tinh chét cua
tham sd trat ty A, ching ta c6 thé mé ta duoc
chuyén pha trang thai EI trong hé exciton. Tuy
nhién, tham so trat tu chi thé hién tinh chat cia
su ngung tu & dudi diém chuyén pha. Do d6, dé
c6 thé hiéu mot cach ddy du va chi tiét vé
chuyén pha trang thai EI trong hé, cin phai
nghién ctru thém dac diém dong hoc cua su
ngung ty & trén diém chuyén pha. Ham cam
mg exciton tinh 13 mot trong s6 nhimng dai
lugng vat 1y thuong dugc xem xét. Trén Hinh 1
chung ta nhan thdy Gmg voi moi gi tri cia thé
tuong tdc Coulomb U, gia tri cia ham cam Ung
exciton tinh ludn ting khi ting ap suat ngoai
tirc 1a tang nang luong tai nut &7, Gan t6i gia tri
téi han ciia ning lugng tai nit &7, ham cam tng
tinh tdng manh va sau d6 phan ky tai gia tri to1
han d6, thé hién hé chuyén sang trang thai EI.
O dudi ap suit tGi han, trang thai ngung tu bi
suy yéu duoc thé hién boi su gidm manh gia tri
ctia ham cam ung tinh khi =7 giam. Két qua nay
hoan toan phu hop véi céc dir liéu thuc nghiém
thu dugc trén hop chat dat hiém TmSeo.4sTeoss
[14,15]. Khi ap suat du 16n, cac dai 4f va 5d xen
phu nhau, khi d6 cac dién tir 4f d& dang két cap
voi cac dién tir 5d dé tao thanh céc exciton dudi

su hd trg cia phonon va c6 thé ngung tu ¢ trang
thai EI khi nhiét d6 du thap.

Tiép theo, dé thiy rd hon anh hudng cua ap
suat ngoai 1én sy hinh thanh trang thai EI trong
hé, chiing t6i biéu thi trén Hinh 2 cac gian do
pha ctia m6 hinh trong mat phang (U, £7) trong
trang thai co ban, tirc 1a tai nhiét d6 khong, ting
voi mot vai gia tri cia héng s6 lién két dién tir -
phonon. Gian db pha ¢ day duoc thiét lap dua
trén khao sat tinh chat phan ky ctia ham cam
g exciton tinh. Ung v&i mdi gia tri xac dinh
cta thé twong tac Coulomb, ching t6i tim gia
tri t6i han cua ning luong tai nat £ cia dién tir
f tai vi tri phan ky cua ham cam Gng exciton
tinh. O day, ching toi con xac dinh giao nhau
BCS-BEC cua cac dang ngung tu cta exciton
trong h¢. Ranh gidi pha ngung tu exciton trong
giéi han tuong tac yéu va gidi han tuong tac
manh dugc xac dinh tai cac vi tri ma tai do gia
tri tham s trat tu {cquf]..} dat cuc dai tai xung
luong k = 0. Trong gidi han tuong tac yéu, dai
héa tri va dai dan xen phu nhau, mit Fermi
rong va do do su lai hoa cia cac dién tir va 16
trng gan mat Fermi dugc thiét 1ap. Tham sb
trat tu {‘C]Lq fi) €O gia tri cuc dg}i tai céf: Xung
luong gan xung lugng Fermi, thé hién rang chi
nhitng dién tr va 15 tréng gan mat Fermi moi
tham gia két cip va hinh thanh trang thai EI. Do
do, trong truong hop nay pha EI c6 dang BCS
tuong tu nhu cua cac cdp Cooper trong ly
thuyét siéu dan. Nguoc lai, trong giéi han
tuong tic manh, mac du cac dai ¢ - f tach xa
nhau, nhung tuong tdic Coulomb manh s€ tang
cuong lién két dién tir - 18 tréng dé hinh thanh
cac exciton lién két chat. Khi do, mot sd luong
16n céac exciton dugc hinh thanh va ngung tu
trong trang thai BEC vé&i tham sb trat
tu {Cqufk} c6 cuc dai tai xung luong k = 0. Do
do, ranh gidi giao nhau BCS-BEC cua céc trang
thai ngung tu exciton dugc xac dinh boi cac vi
tri nay. Gian do trén Hinh 2 cho thiy voi mot
héng s6 lién két dién tir - phonon xéc dinh, ta
ludn tim thay trang thai EI v6i £ 16n hay ap
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sudt ngoai tac dung 1én hé du 16n. Trong trudng
hop nay, cac dai ¢ va f xen phii nhau va hé 6n
dinh trong trang thdi ngung tu exciton dang
BCS (vung ké caro BCS). Dang ngung tu nay
bi suy yéu trong gidi han twong tic yéu [xem
Hinh 2 (a) va (b)]. Trong gi6i han nay, lién két
dién tir - phonon chua du 16n va néu tuong tac
Coulomb nho, cic dién tir va 18 trong s& khong
thé két cap va do do h¢ tdn tai trong trang thai
ban kim loai (vung gach chéo SM). Pac biét,
khi khong co lién két dién tir - phonon, twong
tac Coulomb phai da 16n méi c6 thé thiét lap
trang thai ngung tu, do d6 vung ngung tu bi thu
hep trong mot khoang gia tri giéi han cia thé
tuong tac Coulomb [Hinh 2 (a)]. Nguoc lai, khi
lién két dién tir - phonon du 16n, trang thai EI

g=0.0

c6 thé duoc tim thiy ngay ca khi khéng co
tuong tdc Coulomb [xem Hinh 2 (¢) va (d)].
Trong trudng hop ndy, trang thai EI duoc thiét
1ap hoan toan chi boi lién két dién tir-phonon.
Ung véi moi gia tri ciia hang sé lién két dién
tu-phonon, ngung tu exciton dang BEC luén
duoc 6n dinh véi tuong tac Coulomb 16n. Gian
d6 ciing cho thiy, hé s& khong con & trang thai
EI ma chuyén sang pha ban din (ving gach
chéo SC) néu 4p suit ngoai 16n hon mot gia tri
t6i han. Diéu nay goép phan lam sang to nhing
quan sat thyc nghiém trén hop chit dat hiém
TmSeo.s5Teoss vé su On dinh cua trang thai E1 &
nhiét d thap trong khoang ap suit tir 5 kbar
dén 13 kbar [15, 19].

Hinh 2: Gian d6 pha trang thai co ban ctia mé hinh trong mét phang (U. £Fy khi g thay d6i. Trang thai ngung tu
exciton trong dang BCS hay BEC duoc biéu thi boi vung ke caro. Trang thai ban kim loai (SM) hay ban dan (SC) duogc
biéu thi bdi vung gach chéo.

4. Két luan

Trong bai bao nay, bang viéc sir dung md
hinh Falicov-Kimball m& rong co lién két voi
phonon, chung t6i da nghién ctru anh hudng
clia 4p suat ngoai 1én tinh chat cia ham cam

ung exciton tinh hay sy hinh thanh trang thai El
trong hé ban kim loai, ban din. Ap dung gan
ding Hartree-Fock khong gioi han, chung toi
da rat ra hé phuong trinh ty hgp xac dinh tham
sd trat ty trang thai EI va tir d6 tim dugc ham



B6 Thi Hong Hai, Phan Véin Nhdm | Tap chi Khoa hoc va COng nghé Pai hoc Duy Tan 4(53) (2022) 38-45 45

cam Ung exiton tinh nho sir dung gan dung pha
ngau nhién. Trén c& sé cac két qua tinh toan
giai tich, chung toi thiét 1ap chwong trinh tinh
) giai hé¢ phuong trinh ty hop, nhd d6 nhan
dugc gia tri cua ham cam Ung exciton tinh &
nhi¢t d khong. Két qua tinh s6 cho théy, hé 6n
dinh trong trang thai EI khi ap suat ngoai du
16n. Tang cuong do thé twong tac Coulomb thi
ap suit ngoai toi han tac dong 1én hé cho
chuyén pha trang thai EI tang lén. T két qua
khao sat tinh chat ham cam ung exciton tinh &
nhiét d6 khong, ching toi ciing thiét 1ap cac
gian d6 mo ta chuyén pha trang thai EI trong
mat phéng (U, N ung voi mot vai gia tri cua
hang sd lién két dién tir - phonon. Céc gian d6
thé hién trang thai EI on dinh trong dang BCS
khi 4p suat ngoai tac dung 1én hé du 16n va
tuong tac du manh. Con dang BEC luon dugc
on dinh ¢ ving twong tac Coulomb 16n. Ting
hing sb lién két dién tir - phonon thi ving
ngung tu dugc mo rong. Nhitng nghién cuou ky
ludng hon vé tinh chat quang hoc cta hé trong
trang thai EI thong qua khao sat do dan quang
s& 1a nhitng nghién ctru tiép theo cua chung toi
trong tuong lai.
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Nghién ctru nay dugc tai trg boi Bo Gido duc
va Pao tao trong dé tai ma s6 B2021-MDA-14.
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