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[11] HREBHRUEETTE; ARA  Rayleigh-Schrodinger  FIMIETIA R D H KR
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TR R, AT R EBAR BT B, A SR & R A EF O i R AT T T
& R R B0,

Z. A% EAfr Bethe-Salpeter 5 #2

H = HO + Hc—h + Hc—ph + Hh—ph[n]s (1)

= Z E(R)ckocns + D) EX(R)diudu, + 3 haobybg™, (2)
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=
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Ny (wo) = nwn) + li%,

n(w) 24 Bose B, (O)RXFZHRMRAIATBAEFHE", ELREMT, (5)F(6)
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Se = ﬁ > waR)So(R), it LSy = 1Se:H] = E(@)Se, (7)
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= (E(k,+q—p) + E°(R)1ho)[Sq-p(R)(b, + b1,) £Sqp(R)(b, — b,)]
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Schrodinger PR EEYY; KR SCERL 121G 38 H, AL F R, Rt AR S TH IR
B} Rayleigh-Schrodinger $#3hB:AULE B EL Brillouin-Wigner #IRERISERTF. A3,
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(20)
R4 ap—> o, W
Re[&{(0) 17=0 + a, )k, (21)

XIERESCHRL 1215 Rayleigh-Schrodinger $§ERESRIRY T = 0 Wre T-FI%8 7L F
HEEZ R, HT 20— co ¥4 T FRZ]MEIERET B, R IE i,
B PR BRI AT BE 24 e, TR0 LR RS RS 11 I YRR T iE 3hit E’{HE’J#M{:?%’@E’JE
BEMIEZRUPA — (e + ay)hoy, FRRE: ¥ ve < 1A 7, <1 KW(ER II—V 6, H
EREEFEREHERE v <1 7, < 1), B QO ANHE IS R:
Re[£3,(0) 1= = O(72) + 0(7}), (22)
AREE . M7, WEN NI,  XRHEB/OAERE/NOR T (re M v, B/NERN T
@y BN, BT O AL FR B E B E R T 52 /b FEEZ MERRKINAR. WY
T E WK R % i, B A2 RN L 5 28 R TR B th iR, & B S8

FF[ Froblish ARI/ERABIM T —H2", XL 00— 0,
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o 0 FEY T FERREA AR DA, (23)XERPIKE Froblish HEFERE R
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Htike(q) = el(q) + io*, ot A—EXLH/NE. BIEENHIBEFKEBHENRE

HIREER 4
Im[E%)(Q)] = —(ac + ah)fzwoN_(wo) + [ae(l + 7’5)_2 + ah(l + 7%)—2]50’01\7—(&’0)
-mlmwxm)hﬂil~ﬁX1+ﬂrt+%ﬂiu—rmu+voﬂaw,
3 m? _ m?

(24)
HREme —RRAKRE 2 0. BeOR, T=0 NEBRAE, XE5RMATHERBEL
PO BT R RS R, E T = 0 BERARER A RIS THOBGH s B RBEAHR
BT RO T AN PO EI B BN, I T = 0 RERSEBEFRLEEAE. (24) NARER
E—TREBRBSE ¢ A%, RERERUCNBFROREATUREH, SERKTEY
HRRAR.

W, HEERGEBRWLELK

AH S — TR SRR AL BT IR LT AR E fKER(8)M(24)#ELT
BEWE, ERFTE2 . % L PHIHITTEN BRIE ARG (m HEHER TRE), K
th 4,B REWARARFEOESE. £ 1 PERFIBEQ)RNITE o, ap, 7,7 FIER.
2 PEFUEERIEN s BTEAEERERIRE. UTHE 2 h&FHERN,
FrESE SRR Is BT H.

F2HPE= A ATHHEEEENE S RIT SR, DR R, K3k [7]
A8 VAR 8L, BATEABBEEEREPIAXMESSEREL R, YR
B SOR AR SCERL9 TR A IE W 48 e Rl 1648 2078 BAR ELAR A % DL JE # L A 38 53
PEEs BRI 1L B 35 R 0T 5.

F2HPECGRE T =0 NNEGERE E(0), BO8)K,

Ey(0) = —Ro+ Ry (1= 22) [2 = (1 4+ 77 = (1 + 7)™, (25)

Ro = pe'/2h%%, HWMFE2FN, TEEESLRMEN EX FEEREF. R29FEL
TRESEMEBESHRE, H(18)K
(Eu(T) — E4(0))/n(w)

1 —72 1 — v} 1 1
=R (1 —8—°°> [ 4 h — ] 26
° e/ LOL+7 (1472 (A +7r) (14 7,) (26)

HOOR, T RYEEE 7. M 7o BARRERTREMBAIBRAE, HIAY T ARAORE
Sk AT URERE EATE/N, W DIBERE EAfgm, HAXERRBHE
FRBENT: SE&EHFRRE &,(0) + Re[el2(0)], MR

E,(T) = &i(0) + Re[£5’(0)] — {Re[6’(0) 1}upoe (27)

RIRZ R TR EEAT 2N B RYIE. WEBNARESE, Q7)RNPRENH
RAELERAX R E, FSE:

E(T) = E; + {Re[&{?(0)1}s-5 (28)
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1 HEUTENBARIER o ans Yoo v FHRE

how !
me mp
o o o e (mc:,) a, @, Ye Th
| A[77 | 0.0658 | 0.46 12.83 10.9 36.75 0.0681 0.18 1.263 3.339
GaAs
B[14]} 0.07 0.68 12.9 10.9 36.25 0.0729 0.227 1.173 3.657
InP{14] 0.073 | 0.4 12.4 9.6 42.84 0.113 0.265 1.18 2.761
Al 7] 0.17 0.60 8.42 5.27 | 37.83 0.555 1.042 0.433 0.813
Cds
Bl 4] 0.165 ) 0.6 9.68 5.24 38.0 0.672 1.282 0.435 0.829
Al 7] 0.12 0.40 9.3 6.1 27 0.438 0.8 0.51 0.931
CdSe
B[6] 0.13 0.45 9.7 7.02 27 0.318 0.592 0.559 1.041
Al 7] 0.094 1 0.32 9.65 7.2 | 21.34 0.273 0.503 0.602 1.11
CdTe —
B(4] 0.09 0.33 10.23 7.21 21.3 0.31 0.59%4 0.605 1.159
Al 7] 0.25 1.35 8.15 4.00 | 73.27 0.867 2.014 0.348 0.809
ZnO
B[ 6] 0.28 0.5% 8.47 4.0 72 0.959 1.392 0.406 0.589
Al 7] 0.19 0.94 8.77 5.20 43.67 0.602 1.339 0.406 0.904
ZnS
B[ 6] 0.21 0.49 8.77 5.2 44 0.63 0.963 0.461 0.704
ZnSe[7] 0.15 0.36 9.1 5.9 31 0.483 0.749 0.515 0.798
ZnTe[ 7] 0.092 0.54 9.86 7.28 26 0.249 0.604 0.614 1.488
A[ 7] 0.37 0.36 37.60 5.10 21.50 2.592 2.557 0.338 0.336
TiCl
B[ 4] 0.34 0.45 37.6 5.1 21.5 2.485 2.858 0.305 0.351
A[ 7] 0.18 0.38 35.10 5.40 14.30 2.049 2.978 0.304 0.442
TiBr
B[ 4] 0.315| 0.36 35.1 5.4 14.3 2.711 2.898 0.293 0.313
E(T) = [E, + ,(0) + Re[&{P(0)]] — E(T), (29)

E,(T) HmIiZ 28R, %P8 TREIR B 28 b AR R B AR F B 5 30 T SR TR R
3k, E(T) MREMEANBREYE. R2HE/ TR T=77K B (E(T) —
E,(0)) WIE. BIERP, KEBRM Y FEE E(T) HHEERE LA MmN, 17 Ticl
A TIBr iy E,(T) BEEELFHRE/N, mAEBRNESEHE, o TIBr £ 77K K
E(T) — E,(0) W3K-3meV; XFiE A e A B TR BE LA TICL F0 TIBr g%
HHRB/NEEL,

EX BT ROCHRENERMLET o(T),

l/m*<T)=—};(1 —8(T))  m=m.+ my, (30)
m*(T) HBFHERLFELRE. B8R 55
-1 B} M —_— —4 my — -4
5(0) = 6(1 ){ [1— (14707 + 22 (1 — (1 +7) ]}. (31)

&y mpy m,

8(0) > 0, FABEERERCHBEXR, 6(0) HEEITHEERIITE 2 Bhfh.
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X(24)X 4 B RERERS, I8
sz(q) = —Imlsii’(Q)],
It
T (0) = {ell — (1 + D721 + a,[1 — (1 + 7{) 7?1} hwen (), (32)

GOXMBERBEERIITR 2 F4,F—1rdh. 3R 2 BRI, MR FTRE (0%
/s BEIRJE B R RO T CdS T'y(0) < lem™ (fRIR), 53k 2 PRIEAEMER
LBl AR EMETHGOLRERMR A ERERN, MBRANREB, B¥EAT
B SR BRI T A A s A SCATHE T R T X — MR .

E. & &

ANRET )X AME I, ARSEROBIT AR T-FFREERSROE
RZENTY; h&k2 EHBINMESRLCHE (11] AdeE. IR Tic f
TIBr; FTATVNAXAEERIZE TICT F1 TIRe b EREFMAEEER S EM T
5,

AXFERARBERTET 1s W&, EIIAEBEREAR Bethe-Salpeter 7REE, &
XF5EE AT &R A I il R AT B3R, AT EhELE
BT BT SRS FROMZER RS ED &EEE), RERN%EICEE T
FEFROTER. SO0 12 T ISR AT S 2 A T RO S R AL T B BB AT, SR
A T35, IR AR £ 75 - ORI R %0 0T B BB IO TR,
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M

v 2 20 HR(a(a) = Aun)l = U)' koK (k) (A
7l
L > 5; PE(RI((e(q) = hwy)] — UD™'[hok’ + ploy(k). (A.2)
HHBRE, EEERFRTRA, BOOR,BHRRT Y
(1 = U(@P) [(5(a) = o))" =1 + 3 ((g) — heo,)™(U(gp))". (A3

BT (A R4

ne=0 4
BERA »n+ | IB—THFMATEN

P D IET O LN BTN
* k’

25 (e(q) = o™ L ST LS op(h)(UCa5p)) koK 1p4Ck ),
O L

%2
2

e L

K)ok, — K) = vk, — K JotiCk)
= 7 2 @4 (U Lhok,J-+-U' Ly 15k,
& &’

*{ ) (o (K = p) + oo (b = ) ) 0Cks = KD = VCky = ) |4t (K,

(A.4)
E—SEXNRERIERET —4AEH: k>k—gq. R

Pl () = 8(zad)? / [1+a (k-2 q) T,

U@k ] = 2n) (o k= oy + 2 (k= q) ) 0tk = K) = V(k= k), (AS)
W U'(a,00 94> = o8 (@Igt>. Fibl
(ADRK L 3 0k (U Thoks 1o Thaoskes 1 300D + 1 (Chy = 23 = i) i (R (A.6)
[} Me
ERE

7 .
fo (Chy = pY = k) = Q—Z—E(p’ -2 k).

UFRIEENEEE— o p - ke X—T,EEA%: DR UB~BT, (A6) R

, B ’ ,
LS ort (st@ + 2 = 2 p k) g,
L] e e
ﬁ!

Mie

& g=0, st —

p-k HEMTWBEREHESENR, BHEBRAT: XREN, SUN—RT, %
9=0 WHEHLURE — p- k. D) miE (AD R UFRZDEARSERAR

> iguxXenl =1,
M



8 i BT UTRET - TR LR AR R BT )5 % 1039

K7 ; B TSN RRENFTE THIRE, M (AL RN
> 30 8 RO Thok U The-i5ke] 35 ouCK (k)
M

x{ etu@) + 22 (o = 20 - k) 0t R,
M g =0 K, BRI A IR pu> BRAT s SN FRkCe SR T 1), 7E BRI S A H (BT Y
RABT ELIRA < ST, M~ p - by TIPS RRAE. HRIGEE,RAME— " p - by Tty
e Mme
B SRR RS KRR, R RN GRATRUGER. TR
ADRA - 35 33 (o) = hooy g (k) (etu(@) + 50 97 ) ol )

2 A CICOR SR ORE P IO} a7
X (AD) RFMZLLEMBMEH U BRTH
3 LS ULk 1Ulh15k,]
* ke’

<=

A @y ( Blamdk + q=p)+ L k) 5Chy ~ K — p) — V(ky — K — p)} otk
th

BT K LUNLBERS EREE—FB: k>k+p, id

U (a:p)hsk ] = QY (o k@) + o (ke p)) (k= KD = V(k— k), (A8)
S EREMT A
ADR% 3 ¢ick + p) (6@ = o = 1) = 5 07) wiChD. (a9

AN INTEGRAL OPERATOR METHOD TO STUDY THE
PROBLEM OF EXCITON-PHONON INTERACTION

ZHENG HanNc Faxg JuUN-XIN

(Department of Applied Physics, Shanghai Jiaotong University)

ABSTRACT

In this article, taking the exciton and polar-phonon interaction as an example, we
introduce an integral operator to deal with the dynamical problem of exciton-phonon
interaction. Compared with the methods of earlier arthors, our method has some cha-
racteristics : besides the binding energies which agree with the measured data of experi-
ments, the lifetime of excitons, the renormalization factors of translational masses, and
the relation between these quantities and temperature, are obtained simultaneously. This
method may be used not only for the 1s state, but also the states higher than 1s state.
Furthermore, this method may be extended to the anisotropic case and the case of de-
generate valence band conveniently.



