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There is weak bulk but strong surface coupling between the electron and phonons for polar crystals in a
magnetic field. In this paper, the influences of the electron interaction with both the weak-coupling bulk
longitudinal-optical phonons and the strong-coupling surface-optical phonons on the properties of the surface
polaron in a magnetic field are studied. If we consider the interaction between phonons of different wave
vectors in the recoil process, the magnetic-field dependence of the cyclotron-resonance frequency, induced
potential, the effective interaction potential, and the cyclotron-resonance mass of the surface magnetopolaron
is obtained by using a linear-combination operator and perturbation method. Numerical calculations, for the
AgCl crystal as an example, are performed and some properties of these quantities of the surface polaron in a
magnetic field are discuss€&0163-18208)06508-4

I. INTRODUCTION coupling constanr<<6,}” whereas for the surface polaron,
this confinement is about 228 .There is weak coupling be-
With the development of magneto-optical technology, thetween the electron and the bulk LO phonon but strong cou-
properties of the polaron for polar crystals in magnetic fieldpling between the electron and the SO phonon for many
of arbitrary strength have been of considerable intéfédn  polar crystals. So far, research into this has been very
the early 1970s, Evans and Mifi§ using a variational ap- Scarce. The properties of the surface or inte_zrface polaron in
proach, investigated the case where the electron interact&@responding polar crystals have been discussed by the
with both surface and bulk longitudinal-optical waves andMethod of a linear-combination operator %nd a simple uni-
the phonons were considered as the only electric-dipole ad@'y transformation by the present authts?
tive excitations. Larsenproposed a fourth-order perturba- The ground-state energy. and the_cy_clotron-resonance
tion method to investigate the properties of two-dimensional"2°° of the surface polaron in magnetic field has been cal-
culated by many methods. Many of them mainly concen-

polarons. Considering both the electron-bulk—longitudinal- " . i : o i
optical (LO) phonon and electron-surface-opticS0)— trated their attention on the weak- and intermediate-coupling

h i " K Wei d &a lzed cases. However, the surface magnetopolaron in strong-
phonon interaction, Kong, e, an ave generalize coupling polar crystals has not been investigated so far. In

this method to treat the magnetopolaron in a semiconductqg sq far research of the polaron only was restricted to the
quantum well. Later, Osorio, Maialle, and Hipofiteeported approximation and calculation where the interaction between
for the time a theoretical calculation for the resonant donorphonons of different wave vectors in the recoil process is
impurity magnetopolaron in GaAs-GaAlAs quantum- neglected. The properties of the surface polaron, which
well structures. Employing Haga's perturbation method,considers the corresponding interaction, have been discussed
Hu et al!° derived an effective Hamiltonian for the interface by the perturbation method by the present authors and
magnetopolaron in polar crystals at zero temperature, iro-workers?!
which the interactions of both bulk LO phonons and inter- The purpose of this present paper is to explore the effect
face phonons have been taken into account. Wei andf the interaction between phonons of different wave vectors
co-workers!? studied the induced potential and the self-in the recoil process on the properties of the surface polaron
energy of an interface magnetopolaron interacting with bulin magnetic field. With both the weak coupling between
LO phonons as well as interface optical phonons using théhe electron and bulk LO phonon and the strong coupling
Green-function method. between the electron and SO phonon included, we obtain an
Huybrecht$® proposed a linear combination operator expression for the effective Hamiltonian of the surface po-
method, by which a strong-coupling polaron was investigatiaron in magnetic field. If we consider the interaction be-
ed. Later, other authors™®studied the strong-coupling po- tween phonons of different wave vectors in the recoil pro-
laron in many aspects by this method. On the basis of Huyeess, the influence on the effective Hamiltonian, induced
brechts’s work, Tokud& added another variational potential, effective interaction potential, and effective mass
parameter to the momentum operator and also evaluated tlod the surface magnetopolaron are investigated. Numerical
ground-state energy and effective mass of the bulk polaroncalculations, taking AgCl crystal as an example, are per-
For the bulk polaron, the weak- and intermediate-couplingformed and the properties of these quantities for the surface
theories are applicable for the electron-bulk—LO-phonommagnetopolaron in polar crystals are discussed.
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Il. HAMILTONIAN The Hamiltonian can formally be divided into two parts

Now we discuss a surface magnetopolaron in polar crystal
AgCl and vacuum. There are polar crystal AgCl and H=H,+H,, (2a)
vacuum in thez>0 andz<0 semispaces, respectively. The
x-y plane is their interface. The static uniform magnetic
field is along thez directionB=(0,0B) and described by a P§ e%(e,—1)
vector potential in the Landau gauge=B(—y/2x/2,0). An Hz:7+ 4Ze (s,+1)" (2b)
electron moves in polar crystals AgCl, i.e., the O side, so
there is a barrier from vacuum to it. We suppose that the . .
barrier is infinitely high; therefore, the electron is restricteda‘nd Fhe restis caII_ebHH_. On th_e assumption that the mo-
within AgCl crystal at a distance (>0) from the sur- tion in the z direction is sIva, in determining the motion
face. The Hamiltonian of the electron, interacting with bothState in thec-y plane, quantities such as the momentum and

the bulk LO phonon and SO phonon can be written(7as position in thez direction may be regarded as parameters.
=m=1'm isahe band mass oFf)the election This procedure is exactly analogous to the quasiadiabatic

approximatiorf?
For motion parallel to thex-y plane, we introduce the

g% \? 1 B2 \?2 p; unitary transformation
== -——vy| += +— x| +—=
H 2(PX 7Y T Pt x) s
e?(e,.—1) U;=exp —iA; >, a\TNaqu-p—iAzE bngQ'P ,
T LS palawt S wsbhb W Q
AZc.(e,+1) £ TIOWOWT & TSTQRQ (33

1 _ whereA; (i=1,2) is a parameter characterizing the coupling
+ W sin(W,2) (Ve ™iajy+H.c) strength. In the unitary transformatids,, where A;=1
W corresponds to the weak coupling between the electron and
bulk LO phonon, and\,=0 corresponds to the strong cou-

1 _io. ling between the electron and the SO phonon, we can easil
+% \/—_Qe QZ(c*e 'L+ H.c), (1a gbte?in P y
(47w, vz
V\*/—\/:I sV ) ' (lb) U1=eX[( —i % a\t\,aWWp) . (Sb)
2 2 . : . :
L[ T 05|t Following Tokudd® we also introduce the linear combina-
c* =i - , (1o ) . T L
e*S tion of the creation operatds; and annihilation operatds;
to represent the momentum and position of the electron
1 1 1 1
e &, 8_0’ (19 112 .
PJZ(E) (bj+bj +Pg;), (30)
1 B go—1 e,—1 1
e* eotl e,+1’ (19
( 1 )1/2 ;
i=il==| (bj—b}), 3
&=} (wF+of), (1) Pi=tigx] (Pimby) (3d
, 2e where the subscrigt refers to thex andy directions,\ and
B r B. (19 P, are the variational parameters, almﬁl andb; are Boson

operators satisfying the Boson commutative relation. Car-
Here the electron has position vectok,y,z) with p  rying out a second unitary transformation,
=(x,y,0) and momentunP=(P,,P,,P,). a\fv and a,, are
the creation and annihilation operators, respectively, of a
bulk LO phonon with a three-dimensional wave vectr Uzzexr{g (al, fw—awfi)+ >, (bggQ_nga)}
=(Wy,Wy,W,) with frequency w; and projection W, W Q
=(Wx,W,,0). bg and by are the corresponding operators (3¢
for the SO phonon with a two-dimensional wave vedfr
with frequencyws. wr is the frequency of bulk transverse- where fy, (f,) and go (gg) are variational param-
optical phonon. S andV are the surface area and the vol- eters. Applying the transformation8b) and (3e) to the
ume, respectively, of the AgCl crystale, (&.,) is the static HamiltonianH; and using the operator expressidfs) and
(high-frequency dielectric constant. (3d) we can easily obtain
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H=U, ' "HUU,=H;+H,, (4a)

2

B

H1=%[(bx+bb +(by+b5)?] = g7 [(bx=b))?+ (b, b)2]+4po+ 2 (by+b)Po+ 3 | ot (8l )

*

x(aW+fW)+2 ws(bh+ %) (bo+9g) +E —sm(WZz)[V (ad+ )+ H. c]+2 [3_56 QZ(bh+gy)e Q%/4n

a7 onfoncl-3

BZ ﬁz 1
[(by+b3) (by=bj) = (by+by)(be—b)]+i - (Z) {(by—bb% (aly+ 1)

1 1/2
xexp{—(ﬁ) > Qbfle

]

(b, +bT)E (aly+ i) (aw+ fu) Wi+ (by+ b))

xE (Al + ) (aw+ fy)W. }

2

1/2
X (@t fu) W () 35 (@ + 1) (@t fu) Wy |+ [(bx—bbPOy—(by—b;)PoXJ—(5)
xE (aly+ ) (aw+ fw) (WyPoy+ Wy Poy ), (4b)
Ho=3 2 (aly+ i) (aw+ fw) (@l + Fi) (@ + Fup ) (Wo W+ Wy W). (40)
W#W’'

The ground-state wave function of the system |is) respect to the variational parameters, the total momentum
=|¢(p))|0)|0), where|g(p)) is the normalized surface mag- parallel to thex-y plane can be written as
netopolaron wave function0) is the zero-phonon state and

|0}y, is the vacuum state of the operator, which satisfied
Pir=P+ % apawW,+ % bébQQ- (6)

aw|0)=bgl0)=0. bj|0),=0. ®) According to the Tokud4 method, the minimization prob-

lem is now carried out by the use of the Lagrange multipli-
In the variation for minimizing the ground-state energy with ers. Choosing an arbitrary constant multiplierwe have

(¢p|H1—U3'U T u-PitU U5 6)=(@(p)[F(N,fw.00.U,Po)| ¢(p)), (79)

w|+ -5 |fw|2+2 s|gQ|2

A\ B
FON fw.90,U,Po)=1(0(0|H;— U, *U7 tu-PrU,U,|0)|0) =% + — P53+ ———+
(N fw.00 0)=p{0[(0[H;—U;"U; I\T12|>|>b2 7 Pot 3on EW:

()\)1/2 E
- 5] Poru—2, Q-ulgol?
2 0 5 |9Q|

1 c* e
+%‘, V—VS|n(WZz)(V\7\,f$V+H.c.)+% \/—_Qe Qe VM 1 H.c.

NEL
—(5) % W - Pl fl?. (7b)
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F(N.fw.0q.U,Po) may be called the variational parameters )\ A w? (N1
function. Minimizing Eq.(7b) with respect to\, fw, gq, F(\u,Po)=5 I:’o+ ax |2 Po
u, andPg,, we can determine these parameters. Using the
variational method, we get 5 [Vil? sirf(W,z)
W, W2 (N2
Vi, sin(W,z) Wi o+ 5=={5] Wi-Po
fW: - Wﬁ N 12 , (86) )
W| o+ 7—(§> W~P0} > |c|?e2Q%e~ Q72 09
? Qlws—Q-u)
c* e—Qze—szx ep

9=~ = - (8b) w;=—. (9b)

® Q(ws—Q-u) ° e
Substituting Eq(8) into Eq. (7b), we have In Eqg. (9a), the last two terms can be represented as

|
» |Vl ? sirf(W,z) |c|2e2QZg Q%21
W Wi (A2 T Qos—Q-u)
w2 w|+7_<§) 1-Po
A Wy-py)?
5 Il sifwg [ 2 PO
W , w? w2\ 2
W4 w,+ 7 w|+ 7
cl2e—202 .u)2
—E el L@ 2) oo e QR (90)
(I)S Wy

Equation(9c), it can be calculated by replacing the summation with integration and expanding them up to the second-order
term ofu and P, for a slow electrort® In this expression, the first-order termsRg- W, andQ-u are equal to zero; we have

F()\,U,Po) + P 8)\ E PO u— CY|(.U| K(Z) CY|P L(Z) 2 Agg ;I
29 Y 1/2 3/2
x @MUz erfc[(—) uZ —as<—) u’M(2), (103
| Wsg
© e—2u|zx
K(Z):JO 17 %2 dx, (10b
o yw2a—2UjZX
L(Z)Zfo mdx, (lOC)
M(z):f x2e X' 2u2xgy (10d
0
e? e?
Non BT eruy U= (20", (10e
W,
— (2092, uy=(20)12 xzu—l”. (10f)
The extremum conditioaF/aPy=0 gives
(2/)\)1/2
Py= u. 1y

w
1- g a|+2a|L(Z)
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Substituting Eq(11) into Eq. (109, we get

2

N P - J7 N |12 ’ s X | 12 1
— o —(Mopuyz . _ T2
F(\,u) 5 + 5o X a|w|( K(Z)) > asws( ws) e 1% erf o uZz 5 u
1 3/2
X +2aq —) M(2) |. (12
T g
1- - a+2aL(2)

8

For a slow electrony is very small; one can omit the final term in E42) so that the variation ifr(\,u) with respect ta\
yields

2 1/2 1/2 w 1/2
N \/—a \/—)\B’Ze(”“")ulz erf i3 uz|—2az Os )\zf xe -2 enPuzxgy (13
4 s ) s ) 0
|
For the momentum expectation value of the surface magne- H” o=F(\,u)—,(0[(0|U, 1U1 u-P7U,U,|0)|0)
topolaron we find
—1-1 A Pﬁ 2
=p(0[{0[U3 "U71 "PjrU;U,|0)|0)y =5t o A —K(@2) ]+ 8)\
1 Y 3/2
- +2a —| M@ |u. (14 VT iz o (M)
T s —— aswg| —| ez erfg| —| uz|.
1- g a+2alL(2) 2 ws )
(16)
It is evident from the structure of this expression thatas . PERTURBATION CALCULATION
the meaning of velocity, which may be regarded as the av- o
erage Ve|ocity of the Surface magnetopolaron in mg We I’egard-|1 as the Unperturbed Hamiltonian of the sur-
plane, and the factor before namely, face magnetopolaron-phonon system, &hdas the pertur-
bation part in the perturbation calculation. Because the per-
. 1 3/2 turbed HamiltoniarH, is independent of the operator of the
m*= +2as w_s M(2) |, (19 SO phononbf3 (bg), whereas it is only dependent on the

o
1-gat2al(z) operator of LO phonora), (ay), the unperturbed eigen-

. states are denoted by
can be interpreted as the cyclotron-resonance mass of the

surface magnetopolaron, which omits the interaction be- [M)0)5|0)b. (17a
tween phonons of different wave vectors in the recoil pro- . .
cess. From Eq.(13), one can determine the cyclotron- wheren is the number density of bulk LO phonon am*’o
resonance frequency of the surface magnetopolaron at is the zero SO phonon state. The unperturbed ground state
different coordinate. Finally, the effective Hamiltonian of is

the surface magnetopolaron in a plane parallel to the surface, 0Y[0)y,_|0) (17b)
which omits the corresponding interaction, can be expressed bo!™/b
as The unperturbed ground- and excited-state energy are

EO:b<0|bQ<0|<0|Hl|0>|0>bQ|0>b

B ¢
=5+ ﬁ+4 PO+E

w.+— |fW|2+E 0¢/gol? +2 —sm(w 2)(Viyfw+ Vufe)

1 ) ) A 1/2
+2, —=e ¥crgge VM +cghe ’4”)—(—) fwl?W, - Py, (183
% \/6 do gQ 2 % | W| o



PRB 58

En:b<o|bQ<0|<n|H1|n>|0>bQ|0>b

A 4
A

2

4P0+E (U|+—

1 2 2
+E e—QZ(C*ng—Q Iy cghe Q1N —
Q
Q VQ

whereW, is the wave vector in the-y plane of the bulk LO

phonon. The difference of the energy—E, is
W Y 1/2
En_EOZE (,()|"l‘_H n—| =« 2 nWHPO
W 2 2] W

(180

We are now going to calculate the perturbation energy due to

the perturbing ternid,.
have

OperatingH,, to |0)[0)p,|0)y, we

H2|0)|0)p,|0)p=3 > Wywj fwfw | Lw ) 1w),
W=W'
(193

where

aw|0)=0, ajl0)=|1w), ay[0)=|lw),

(010)=1, (Ly|lw)=1 (Lwllw)=1 (19

where 1y, ) and |1w‘;> are wave function of one phonon
with wave vectoiW,; andW, . In Eq. (198, the summation
is taken over alW andW'’ exceptW=W'. The diagonal
elements oH, with respect td0>|0>bQ|0>b vanish, as easily
seen from Eq(19a, and hence the first-order perturbation
energy due toH, vanishes’ The matrix elements of the
perturbed Hamiltoniat, is

(H2)no= b<0|bQ<0|<n|H2|0>|0>bQ|0>b

=3 > W - W fwfyw for n=1,
W#W'

(209

(H2)no= b<0|bQ<0|<n|H2|0>|0>bQ|0>b:0 for n#1.
(20b)

The energy correction in second order can be found from

2
n~ &0

Substituting Eqs(18¢) and(20) into Eq.(21a), we have(see
the Appendix

(21a

2

N[

u
AE(Z):_CY|LL)| ,fl(Z)_

2

an
1— —

8 a+2a,L(2)

X2a?[3f,(2)+ f3(2)], (21b
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(n+|fwl2 +2 0¢gol? +2 —sm(wzzwifwvwf*)

£ 12
(E) > (n+[fuHW,- Py, (18b)
W
2(1 e—2U|ZX)(1 e—2U|Zy)
1(2)=3 f f A2 1FyD 22+ ity Y
(219
B Xy2(1 e72U|ZX)(1 e 2U|Zy)
f2(2)= f f A0 1HyD 22+ ity Y
(210

@ ¥ y2(1 e 2U|ZX)(1 e 2U|Zy)
0=, J, Treraryas
(219

In Eq. (21b), the first term being proportional to the squared
coupling constantz|2 is extra energy of the induced potential
of the surface magnetopolaron, which considers interaction
between phonons of different wave vectors in the recoil pro-
cess. The second term being proportional to the squared
coupling constanetx,2 is an extra effective mass of the surface
magnetopolaron, which considers the corresponding interac-
tion. Finally, the effective Hamiltonian of the surface mag-
netopolaron can be expressed as

_r\ 5 B
1
w
-
(@]
Pz
3 -
2 L
1L
0 ] i i [
0 10 20 30 40
Z(R)

FIG. 1. The relation between the cyclotron-resonance frequency
\ and the coordinate in a AgCl crystal at different magnetic fields
B.
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FIG. 2. The relation between the image potentig),, the in-
duced potentiaV?, the induced potentia¥?, and the effective in-
teraction potentiaV4 in a AgCl crystal with the coordinate at
different magnetic fieldB.

2 2 2
(2) z Il )\ (J)c
Heﬁ:Hz‘l'HH eff+AE :74' 2m* + E a
+Vimgt+ VP+ V5, (229
where
v e(e,—1) _—
M9~ 476 (£,+1)’ (220
b ™ 2
Vi :_a|w|<§_ K(Z)) —ajwfy(2), (229
\/; )\ 1/2 3 2.2 )\ 1/2

(220
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10

m*

z(})

FIG. 3. The relation between the effective massés m, and
m} in a AgCl crystal with the coordinate at different magnetic
field B.

. 1 2a7[3f(2) +f3(2)]
m* = 1-
a a
1- g a+2al(2) 1- g +2aL(2)
3/2
+2a —| M(2) (22¢
Wg

are the image potential, the potential induced by the
electron-LO phonon interaction, the potential induced by the
electron-SO phonon interaction, and the effective mass of the
surface magnetopolaron, respectively. The effective inter-
action potential of the surface magnetopolaron is defined as

Vet=Vimg+ VP + V5. (22f)

Following Liang and G&* we define the “dead layer” of the
surface magnetopolaron. Its thickness is determined by

Vet 2=4=0. (23

Evidently, the induced potentiévlib, the effective masm*,

and the thickness of the dead layer of the surface magneto-
polaron depend on the interaction between phonons of dif-
ferent wave vectors in the recoil process.

IV. RESULTS AND DISCUSSION

In this section, taking the magnetopolaron in the surface
of a AgCl crystal as an example, we perform a numerical

TABLE I. The data for a AgCl crystal.
taken from Ref. 24.

All the parameters are

Material €o €o ho, hwg a ag
(meV)  (meV)
AgClI 95 3.97 23.0 21.6 1.97 2.89
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o 2(d)
0.04 0 10 20 30 40 50
T T T T
0.03 -
-20
0.02 |
-40 L p o
Vil
V{meV) >
0.01 - o
-60 | v e —
¢} I L 1 1
o 10 20 30 40 50 FIG. 6. The relation betweew®, andV? with the coordinatez

for a AgCl crystal.
z(}) 9 Y
FIG. 4. The relation betweeh, with the coordinate in a AgCI the. eIectron-SO phonon interaction, and the eﬁeCt.ive inter-
crystal. action potentiaV ¢ of the surface magnetopolaron in AgCl
crystal, which considers the interaction between phonons of
different wave vectors in the recoil process, with the coordi-

evaluation. In Table |, the data for a AgCI crystal are given.5te; ot different magnetic field. The solid curve denotes
Figure 1 shows the variation in the cyclotron-resonance freg o caseB=10T. and the broken curve represents the case

quency\ of the surface polaron in a AgCI crystal with the g_ 4 1 From Fig. 2 one can see that the induced potential

coordinatez at different magnetic fieldB. The solid curve VS of the surface magnetopolaron will decrease with increas-
denotes the casB=10T, and the broken curve represents.

the caseB=0. From the figure, one can see that the'9 coord_inat_ez, whgreas the _induced potentkﬂ,’ wil i_n_-
cyclotron-resonance frequenaywill decrease with increas- crease with increasing coordinate At th.e same pOSIt'IOI’l
ing z. At the same positiofisame value of) the higher the Eﬁzme valuesofz), the hlgher .the magnetlc ﬂel.d’ the higher
magnetic field is, the higher the value Jof value oiV;. The effectlv_e interaction potennm_eﬁ of the
From Egs.(22) and(23), one can see that there is only a surface magnetopolaron in a AgCl crystal will decrease

magnetic field dependent on the electron-SO phonon interagtrongly with increasing the coordinatefor z<d (thickness

tion, the effective mass, the effective interaction potentialOf the dead layer whereas the absolute value of it increases

and the thickness of the dead layer of the surface polaronlVith increasing the coordinatefor z>d. At the same posi-
whereas the image potential and the electron-bulk LO pholion (same value og), the higher the magnetic fiel, the

non interaction are independent of magnetic field. Figure 21gher the absolute value . . o
shows the relationship between the image potejgj, the Near the surface, the electron-SO phonon interaction is

induced potentiaM? resulting from the electron-bulk LO

phonon interaction, the induced potentigl resulting from
5L
m-)(-

A2

0.8 | I

0.6 5

Oy L 2

0.2 1

0 b 1 1 1 0 L L ) L

0 10 20 30 40 50 10 20 30 40 50
z2(R) 2(1)
FIG. 5. The relation betweeh, with the coordinate in a AgClI FIG. 7. The relation betweem}, andb} with the coordinate

crystal. for a AgCl crystal.
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dominant, whereas in the bulk far from the surface themassmj resulting from the electron-bulk LO phonon inter-
electron-bulk—LO phonon interaction is dominant. From Eq.action. The extra induced potential, which considers the in-
(22f), one can see that the surface magnetopolaron cannot gefraction between phonons of different wave vectors in the
infinitely near the surface; there is no surface magnetoporecoil process, is given by

laron in the range near the surfacé.>0). Because of the

similarity to the case of excitons we call the thin layer the Vi= —afw f1(2). (259
surface magnetopolaron free-surface layer or dead layer qfhe induced potential, which omits the corresponding inter-
the surface magnetopolaroffor the AgCl crystal, d action. is

=2.49 A). This shows that, when the distance between the '
electron and the surface is much smaller than the radius of aT

the bulk polaron, the effect of the bulk phonons can be ne- Vi = —a|w|(E—K(Z))- (25b)
glected and so can the effect of the surface phonons when the

corresponding distance is much larger than the correspond-he ratio ofV?, andV?, is

ing radius. In general, as the distance between the electron

and the surface is the same order of magnitude as the radius VL R(D)
of the bulk polaron, the effects of both the bulk LO and the Al_vg_a' - ' (250
SO phonons must be taken into account. In this case the 5—K(2)

) ) 2
electron moves in a nonlocal potential as E2Ra.

The effective mase* of the surface magnetopolaron can The extra effective mass, which considers the corresponding

be expressed as interaction, is given by
2a{[3f2(2) +15(2)]
m* =m} +m}? , (243 Mp2= - 7 (263
1- § a|+2a|L(Z)
where The effective mass, which omits the corresponding interac-
tion, is
» 1 2af[3f5(2) +f5(2)] .
Mo = 1= ' b= 26b)
1- 2 o+ 2e1L(2) 1- T o+ 2a1L(2) Mor™ ' (
8 & @ 8 & & 1_ § a|+2a|L(Z)
(24b

The ratio ofmj, andmg; is

17! * 2
m 2af[3f,(2)+f3(z
m;‘=2as(—) M(2) (240 Ay=—2= i1372(2)* Tl )]_ (260
Ws My .
1 §a|+2a|L(Z)

are t.h? effeguve mglss w:guceld t;y thesglecktlron-bqlkt LO ‘t).hoi:igures 4 and 5 gives a description of the variation gfand
non intéraction and by the electron-5t phonon Interac |oan2 with the coordinate in a AgCl crystal. From Figs. 4 and
respectively. Figure 3 gives the relationship between the ef:

foct f th ¢ tonolardn m q 5 one can see that; and A, will increase with increasing
ei: ive masses of the surface magnetopolardn mg , an the coordinate.

mg in AgCl crystal, which considers the interaction between kg re 6 shows the relationship between the induced po-
phonons of different wave vectors in the recoil process, withgntig| \/2

h di diff ic field. Th i i1, which omits the corresponding interaction, and
the coordinatez at different magnetic field. The soll the induced potentia¥® of the surface magnetopolaron in a
curve denotes the cag&=0 T, and the broken curve repre-

a ) AgCI crystal, which considers the corresponding interaction,
s?fntst_ the casB*— 10 d-l:ch Frc;:fm ihe flgure*o_nz car; ;eeththat with the coordinatez. The solid curve denotes the case of
erective massn” and the etiective masss INGUCEd DY € y/b ang the dashed one represents the casé’ ofFrom the
electron-SO phonon interaction of the surface magnetop

= H b 1
laron will increase strongly with decreasing the coordirmte Oﬂgure, we can see that the induced potemifgl andv; wil

whereas the effective mass; induced by the electron-bulk increase with mcreat\)smg the coor(_jmatenoreov_er,vi W'”

LO phonon interaction will increase little with increasing the Increase more tha‘mil_ W_'th Increasing thg coordinaie F_'g'

coordinatez for z< 20 A, and it decreases little with increas- Uré 7 shows the variation of the effective mas$, which

ing the coordinate for z>20 A. From the figure we also considers the_ corres_pondlng mteractl(_)n, gnd thg eﬁegtlve

see that at the same positisame value of), the higher the massmi, . which omits t_he corresponding interaction, with

magnetic fieldB, the higher the value af* andm} . the coordinatez. The solid curve denotes the casendf; ;
Since there is weak bulk but strong surface coupling bethe dashed one represents the casenpf It can be seen

tween electrons and phonons in polar crystals, the interactiofiom Fig. 7 that the effective masses); and my; will in-

between phonons of different wave vectors in the recoil procrease with increasing the coordinatemoreover,mg will

cess influence only the induced potentidland the effective  increase more thamy, with increasing the coordinate
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APPENDIX

To calculate the second-order perturbation correcfi@?), substituting Eqs(18¢) and (20) into Eq. (218, we have

(W W) V|2 Vi | ? sinf(W,2)sink(W,Z)

AE®=- E, N 172
wEW [2w|+ LW2+ W %) — (§> (W+W/)- PO}
1
X 72 Vi 1 L 7 (A1)
W2 (,L)|+%Wﬁ_(§) Wpo} V\/,2 w|+ EWﬁZ—(E) W|,'PO:|

Equation(Al) can be represented as

INSCO (W - W2 V2 V|2 sinf(W,2Z)sink(W,Z)
wAw [201+ 3(W2+ W/ 2 TW2( o+ 3W2)2W' 2(w)+ S W[ 2)?

12

’ A ’ 2 A Y A 2
E (W”+WH ) . Po E [(W”_FWH ) . Po] 2 E W” . Po 35 (WH M Po)
x| 1+ oo > + oo > 2+--- 1+ o + I 22+---
2w|+§(W”+W” ) [2w|+§(W”+W” )] w|+§WH (w|+§WH)
1/2 A
2| 5] Wi-Po SE(W‘[-PO)Z
x| 1+ + +e . (A2)
CW"‘%WH,Z (w|+%WH'2)2

Equation(A2) can be calculated by replacing the summation with integration and expanding them up to the second-order
term of W, - P, andW, - P, for a slow electror® In this expression, the first-order termsW,- P, andW, - P, are equal to
zero. In calculating EqA2), it is convenient to choose theaxis parallel to thd®, direction and thex-y plane coincident with
the plane determined by,, W,, andW; ; thus the relative vectors may be expressed as

I:’0: Po(l,O),

W, =W,(cos¢,sin ¢),

W, =W, (cos¢’,sine’). (A3)
W (W), W, (W), andW, (W) satisfy
W2=W2+ W2, W'2=W,2+ W2, (A4)
Thus,AE®® can be expressed as
AEP=AEP+AEY +AEP +AEP, (A5)

where

(2) 1 S 2 L 2 2w 27 , o o ) o0 I )
ART=—2\a2 5) fo d@fo de fo szfo szfo dWHfo aw

><wa”'2|vw|2|v\,v,|25in2(wzz)sin2(w;z)(cos?<p cofe’ +sirfe sirfe’)
[20)+ 3 (WS + W, ) T(WZ+ WD) () + 3 W) AW+ W[ 2) (@ + 5 W[ )2

= —a|2w|fl(2), (A6)
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g L[ SV L\ (E [ - “awe | “aw
AEz —AE3 ——Z(m) (z) JO dQDJ’0 d(p fo dWZJo dWZJO d\M‘fo dVV”
INPIWIW, 2| V|2 Vi | 2SirP(W,z) sirf(W,z) (cog¢ coSe’ +sirfe sirfe’)cose
X
[20)+ 3 (WE + W) (W2 + W) (@ + 3 WP (W52 + Wi ?) (0 + 3 W) %)
u? 3af
) - 7 F2(2), (A7)
(1—§a|+2a|L(Z))
T R 2f277d fzwd 'fxdwfmdwfmdwfd /
4_44,”_2 2T O¢0¢O Z0 z0 HO Il
= P2W2W! 2| V|2 Vi | 2SIrP (W, 2) Sir? (W 2) (W2coS o + W/ 2cof e’ ) (coS ¢ coSe’ +sirfe sirfe’)
5 PoWiW Z I I
X
[20,+ 3 (W2+ W/ 2 TB(W2+ W2) (o + s W Z(W. 2+ W[ ) (w0 + 3 W[ )2
u? 2a|2
- 5 f4(2). (A8)
1—§a|+2a|L(Z)

Finally, we can obtain the second-order perturbation correctigf?.
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