TAP CHi KHOA HOC DHSP TPHCM Nguyén Phwong Duy Anh va tgk

MO TA GIAI TICH CHO NANG LUQNG TRANG THAI CO BAN
CUA EXCITON HAI CHIEU TRONG TU TRUONG

NGUYEN PHUONG DUY ANH’, HOANG BO NGOC TRAM™

TOM TAT

Biéu thirc gidi tich mé td twong minh s phu thuéc cia ndng heong vao cwong do tir
truwong duoc xdy dung cho trang thdi co ban cua exciton hai chiéu trong tur truong. Diém
ddc biét cua biéu thirc thu dwoc 1a dé chinh xdc rat cao vdi sai so chua déen 1% cho toan
Mmién bien doi cua tir truong.

Tir khéa: md ta giai tich, exciton hai chiéu, ning lrong, trang thai co ban, phuong phap
toén tir FK.

ABSTRACT

An analytical description for the ground state energy
of two dimensional exciton in a magnetic field

The article presents an analytical expression describing the dependence of the
ground state energy on magnetic field intensity for a two-dimensional exciton in a
magnetic field. The special feature of the obtained expression is its very high accuracy
with error less than 1% for the whole range of the magnetic field intensity.

Keywords: analytical description, two-dimensional exciton, ground state energy, FK
operator method.

1. Mé diu

Exciton hai chiéu trong tir truong 1a mot bai toan kinh dién duoc nghién ciu
nhiéu do tdm quan trong trong Vat li hé thip chiéu [3]. Bai toan nay ciing 1a mé hinh dé
Kiém tra tinh hiéu qua cta cac phuong phap giai phuong trinh Schrodinger khac nhau
[2, 6, 8]. Trong cong trinh mai day [7], nghiém giai tich gin ding cua phuong trinh
Schrédinger cho exciton hai chiéu trong tir truong duoc tinh bang phuong phap toan tir
FK (FK OM) [4- 5] Nghiém giai tich nay c6 do chinh xac vdi sai sO dudi 1% trong
toan mién thay ddi ciia tir truong. Tuy nhién, sy phu thudc ciia ning luong E(y) vao
cuong do tir truong y () phai thong qua mot tham sb trung gian x 1am han ché tinh
ung dung cua no trong cac phan tich giai tich. Chinh vi vay, viéc xac dinh sy phu thudc
cta ning luong vao tir truong bang biéu thirc giai tich twdng minh E(y) 1a bai todn can
giai quyét.

Trong cong trinh nay, nghiém giai tich gian tiép E(y) trong cong trinh [7] s&
duogc s dung dé xay dung nghiém giai tich truc tiép E(y). Trudc tién ta s& khao sat su
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phu thudc y(x) dé hiéu rd quy luat bién thién caa tir truong theo tham sb y . Piéu nay
cho phép ta khai trién E(y) theo chudi cia y trong ving y <<1 va ving y >>1. Néu
chon dugc bac khai trién sao cho hai biéu thirc ning lugng trong hai mién tiém can cta
tir truong co sy bao phu 1an nhau trong mién tir trudng trung binh, ta ¢d thé két luan 1a
da tim ra biéu thtrc giai tich truc tiep ctia nang luong. Ta s& so sanh két qua thu duoc
V6i nang lugng giai tich thu dugc bang phuong phap li thuyet nhiéu loan (perturbation
theory method) trong ving tir truong yéu va khai trién nguoc hé sb twong tac 16n
(strong coupling series) trong vung tir truong manh.
2. Nghiém giai tich bing phwong phap toan tir FK

Trudc tién ta nhic lai nghiém giai tich gian tiép thu duoc trong cong trinh [7] va
cac y tuong chinh dé thu dugc no. Bang cach dua vao phuong trinh Schrédinger thanh
phan tiém can trong mién tir trudng manhl exp[—(x* +y?)/ ] va sit dung FK-OM,
trong cong trinh [7] thu dugc biéu thirc cho ning lugng trang thai co ban :

E(x)=]1287"(1+ 2)° —165° (42+ 73y +31x°)1(x)
+A4y(-24+274y +473x% +1804°)1%(x)
—4x(-99+108y +314 4 +116x*)1°(x)
+(18-483y — 3607 +2285° +112,*)1* (%) (1)
+6(—9+24x +40x" +82°)1°(x) +36(L+ 2)1°(x) |

{2x(2024 D+ T-a021 )+ @57+ 207D+ 221 ) |

trong d6: y 1a tham sé dic trung caa FK-OM. Cung véi biéu thue (1), biéu thire cua
cuong do tir trudng ciing duge tim thdy nhu mot ham phu thudc vao tham s6 y nhu
Sau:

y? 8y —14x1 (1) +(=3+6x)1*(x)+21°(x)

b[2(-2+ ) x+(T-41) N Q) +(1-5x + 227 ) 1P (1) + 27 3()()]4 @)
x4[8;((1+;()—2;((13+8;() | (;()+(—3+18;( +8;(2) | 2(;()+6|3(;()T.

Trong (1) va (2), ham s 1(y) duoc dinh nghia

= Jmye*erfc (\/E) : 3)

2% +00 e_
I(x)=—F | dr

e e

trong d6 : erfc(x) la ham tich phan sai s6 [1]. V& nguyén tic, tir (2) ta ¢ thé thu

duoc y(y) bang cach giai s, sau d6 dem thé vao (1) dé ¢ su phu thudc E(y). Nhu
vay, ta co thé xem (1) va (2) & biéu thire giai tich gian tiép qua tham s6 y cho ning
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lugng cua exciton hai chiéu trong tir truong. Két qua ndy theo phan tich s trong cong
trinh [7] cho thay c6 d¢ chinh Xx&c rat cao véi sai so dudi 1%.
3. Biéu thic giai tich cho niing lwong

Khao sat biéu thic (2) ta thay c6 sy phu thudc nghich déo giita tir truong y Vva
tham s y,nghiala ¥ —0 khi y — +o0 va nguoc lai ¥ — +w0 khi y — 0. Dya vao
day, ta khai trién y theo y >>1 cho truong hop tir truong yéu y <<1 Va sir dung
phwong phap 1ap dé thu duoc y(y). Sau khi thé vao (1), ta thu duoc:

E peue e (7) = —2+0.3750x[ 77 /8] -0.140414x[ 2 /8]
4)
+0.228656 x| 7* /8] ~0.578432x[ 72 18] +O[ /87
Ta thay biéu thirc khai trién (4) s& con c6y nghia khi y? /8 <1, nghia 14 c6 thé ap dung
trong ving tir trudng y < 2.82. Tuong tu, ta thu duoc biéu thirc nang lwong cho ving
tur truong manh y >>1:

Egvong g (7) = 0.57 =1.2533 y —0.6883—0.65443 %
y
1 1 1
—~0.36998 —— +0.032131 ——+0.239244 —— (5)
2y (27) (2y)

+0.270296#+0.147904 —(21)3 +o[(2y)-7/2]_
Y 14

Biéu thirc (5) co y nghia khi 2y >1, tirc ving ap dung1a > 0.5.

Nhu vay cong thirc (4) c6 thé st dung cho y <2.82 trong khi cong thuc (5) st
dung cho y >0.5. Két hop hai cong thirc (4) va (5), mién 4p dung khi d6 1a toan bo cac
gi tri cua tir trudng y . Hinh 1a biéu dién ning luong thu duogc theo cong thirc (4) cho
tir truong yéu (cac duong dit doan). So véi ning lugng chinh xac thu dugc trong cong
trinh [6] bang FK-OM (duong lién nét) thi duong biéu dién (4) voi khai trién dén »®
twong thich kha t6t dén gid tri ' <0.6. Céc khai trién cao hon khong con anh huong
dén @6 chinh xac, do d6 trong cong thirc (4) ta chi giir lai cac thanh phan khai trién dén
y®. O day trén Hinh 1 dé d& phan biét cac duong, ta st dung y' =y /(y +1), tic
y'<0.6 tuong g voi y <1.5. Hinh 1b biéu dién ning lugng thu duoc theo cong thirc
(5) cho tir trrong mal}h (cac duong dut nét). So sanh voi duong nang lugng chinh xac
(duong lién nét) ta thay co su tuong thich kha tot vai cac gia tri "> 0.6, tuong Gng véi
y 21.5. C4c khai trién dén y° du dé thu dugc két qua voi sai s6 nho hon 1%, vi vay
trong cong thirc (5) ta chi giit cac so hang dén khai trién nay.
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Hinh 1. Ndng lieong trang thdi co bdn ciia exciton hai chiéu theo biéu thirc gidi tich (dwong
dirt nét) trong mién tir truong yéu (a) va trong mién tu truong manh (b) so sdanh véi gid tri
chinh xdc (dwong lién nét).Ta sir dung tir truong hiéu dung y' =y I (y +1).

Nhu vay st dung ddng thoi cong thirc (4) cho y <1.5 va cong thic (5) cho
y >21.5, ta thu duoc biéu thie giai tich E(y) véi do chinh xac cao c6 sai s6 chua dén
1% cho toan mién thay d6i tir truong. Pé so sanh, ching tdi sir dung phuong phap
nhiéu loan cho Vl]lng tir trudng yéu va khai trién nguoc hing s6 tuong tac cho ving tir
truong manh dé giai phuong trinh Schrodinger. Két qua ciing ¢ dugc ning lu0’ng duai
dang khai trién theo tir truong nhu cong thire (4) va (5) nhung chi trung hai So hang ban
dau. Phan tich s6 cho thay cong thirc cia i thuyét nhidu loan chi dung (sai s6 dudi 1%)
cho cac gia trj tir truong y <1.2 va cdng thirc caa khai trién nguoc hé sb tuong tac chi
dung véi cac gia tri tir truong y > 4.0. Nhu vay biéu thuc giai tich thu duoc tir FK-OM
mai phu hét toan mién thay doi tir truong.
4.  Kétluan

Trong bai bao nay, ching tdi thu duoc hai biéu thic giai tich cho nang luong
trang thai co ban cua exciton hai chiéu trong tur truong cho mién tir truong yéu va mién
tir truong manh. Diéu dic biét 12 hai mién tir truong yeu va manh trong khai trién giao
nhau tai mot gia tri y, =1.5, do d6 n6 bao phi toan mién thay ddi tir truong. Biéu thirc
thu dugc ¢6 d6 chinh xac cao vai sai s6 dudi 1% cho toan mién thay doi tir truong. Két
qua nay tring véi két qua cua Ii thuyét nhidu loan cho viing tir truong yéu y <1.2 va
cua phuong phap khai trién ngugc hé sé twong tac cho ving tir trudng manh y > 4.0.
Viéc xac dinh duoc nghiém giai tich chinh xac cao trong mién trung binh cia tir truong
1a vu thé cia FK-OM. Pay la mot két qua co y nghia do day la ving duoc sir dung
nhiéu trong thyc nghiém nhung ciing 14 ving ma phuong phap li thuyét nhidu loan
khong ap dung dugc. Cac phan tich tuong tu ciing s& dugc tién hanh cho céc trang thai
kich thich trong cong trinh mé rong tiép theo.
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