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APPENDIX A

8
DOUBLE-TIME GREEN FUNCTICN. 9

The double-time temperature dependent Green function
was first introduced by Zubarev (1960). The principle
definitions and basic equaticns of this techniques will be

briefly reviewed.

Let X be any oSpeérator, then the grand canonical

ensemble zverage 1is

¥ = Z“1=Trfx.exp[78.(H-uN)j} ) A1

where Z .= Tr{expfsﬂ.(ﬁ-uﬁ):} o A2
Here 1 is the Hamiltoniany, W is the total number operator,and
B.= -1/kT

with k deroting the RBoltzmann constant and T being the absolute
temperature, and u is the chemical potential.

iny operator 1(t), in Heisenberg representation at
time t, can be related to the orerantor A(O) at time O by

ae) = o B Afo).e 2B, A%

The retarded (+) and advanced (-) Green function are defined

by
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+
<< A(6),B(e > ) o HOG (t-t1)) . <TACE),B(EN ], % A

where {A,B] = AB - n.BA . AS
- n

The value of n may be +1 or -1 depending on whether the staticstics
used is either Bose-Einstein or Fermi-Dirac.In ‘4 ©(x) denotes

the step function,

G(X) —

These Green functions can/be shown to satisfy the cquation of

motion
iﬂ«a(t) B(t') (i)-_ (t=t1) {A(t) B(t’ﬂ 'idi\(t) -5(t')>>(:)
dt 1 >> = 0 o< G M | n>+(.,.?£._ o
~ . . +
= (ﬁ‘t')ﬂiif'&(t),B(t')]n>+<<'§:n(t),H(t}j 3t )>> 7 a6
L e )

At equilibrium, <<A(t), B(t‘)>>(i) are function of t-t' only.
At this point we define the Fourier transform of the Green

function, for real w

<<t Bs>(E) 2 (2r)". /7 at.<<A(t), B(t')>>.explint) . A7

-

=

(+)

Zubzrev (1960) showed that the Green function <<A,B>> 'y

can be contirued analytically in the complex w plane. The

(%)

function <<i;B>> can thus be coénsidered to e single

analytical function in complex plane with a singularity on
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real axis. Thus we can omit the indice * and simply write

<<A,B > such that

(L)
, << A,B >>u Imys>0 \
| ;
<<A,B>> =4 } A8
w ; (=)
L << AYB >> Tmw<0 4
w

He also related the Green function to the correlation function

<B(t'), A(t)> as follow

® T
<B(t'), A(t)> = i.lim (A dw.[;<A,B>> . = <<hyB>> i
[t ot TR woie -
ir— >‘ "\ i—: 4 - ‘\
cexpi~ w(t=-t*) Lhexp Blo-p)-n¢. A9
- J - 1 - )
Transforming A6 by AZ .and using A3, we have
<<AyB>> =<[4,B ] >/2n + <<[A,H ] ,B>> £10
w ” + w

n

The equation A6 and its corresponding Fourier transform,

A10, represent the new Green function <<ﬁA,H}+ 4B>> . This
w

Green function can be inserted into the equation of motion

again, which gives the in new higher order Green function. Repeating,

we get a chain of equation. We will need to t-ke 2n qpproximsfion
to close the chaine. The appropreate approximation will depend on the

problem being studied.



APPENDIX B

THE INTEGRAL PART OF THE SPIN ¢ ELECTRON'S OCCUPATION NUMBEE n,

Tne Hartrce-Fock approximation gpives us the electron
density distribution at the adatom shown in S5e.2.4. Integrating
this from the bottom of the pand to Fermi level, we get the
occupation number of spin o clectron contributed at the adatom
if no localized stotes exist. If locnlized states exist , we
just add the number of /spin ‘o electren localized to the previous

number (sec 5.2.7). /The intesral is

& AT 2
I' x.F. T 102 )\ \1{1"‘){2
Jo= f " dxXe - ° B1
-1 (1=k 12).x2-2(‘1—2 ).2).x0.x+x§ +4 Ji+
Defining
-1 . 4
A=m 1.2A2 ,a=1—412, =-2(1—212).xa and c:xf + b, B2
we now can consider the following case :
Case 1, a # 0 .
Letting « = ¢/a and B = b/a , B3
Bl becomes @ = A.H=752) B4



where
*p 14+ <4 B
dg = {1 dx. 2 us == E 8.5.8
(4 Bex + x2)J1-x2
x
and % = 7 Tax. r_L__
=1 “r,‘ _ x2
= n/2 + arcsinx_ . B5.b

Case 1.1, (1-2 )% %2, (1-2)%) £ 0, x £ 0 .

Let us define X =B + BTN B6.2
{ t+1
(1-22%)%+ x° [(1-23%)%- 5|
where B = > 4 and D = 5 B6.b
2(1=2 A ).x0 2(1=2)")ex 4
2 == 2
Since 14«4+ BB =0 and B=-D =1 , B7
we find that
t-1 t-1
1T + =+ B.x = (1 + o+ B-B) + BoD'm = B.Do‘t—“‘?ng B8

a4+ BaX + x2

(t+1)-2. [(Ba- 1 + B.D + ZOBID + D2)nt2+ 2.(!32- 1 - Da).t

]
& (A% & BeD = 2.B.D + DZ)}

D.(t+1)-2.5(5 + 2(B+D)).t°= (B + 2(B-D)) , B9

1 - xa

2D.(t+1)'2. (B-D) - (B+D).t2? B10

and dx 2D.(t+1)‘2.dt » B11
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From B6.a, we obtain

b o x = (B-D) . B12

x - (B4D)

From B6.b, we can easily verify that B+D is never equal to

zero so that B10 hecomes
1 =32 = 20 (BD)alt+) 2L (|- £°) . B3

Case 1.1.1, B APAIR L -

We can rewriten B9 as

« + Pox 4+ x2= D.(B { 2(B+D)).(t+1)'2.(t2+ t 1) Bk
_EB
Applying B14, 13, 11, & to B5.a, we get
2B.D ‘r t-1
A = . dt. = v .B15
(B + 2(B+D))./2D.(B+D) t_, (t°+ ¢ 1 ),[lt()]- £
_23
Let us define A = B.(®-8) , B16
1
where E = 2BeDo(B + 2(B+D)).(2D.(B+D)) 2, B17
t -3
T = Jrq‘?at.t.(teﬁ« t o, )-1.(lt |—t2) B18.2
S o]
-1 -ZB 4
t = —d
and & = %th.(tau 1) 1.(|t01-t2) 2. B18.b
-1 "éﬁ

B18.2 can be =2valveted by using the transformation
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1
am (b= B = . B19
Up 2y=1
Then we get Z = = du. (Cft_[+ & 4 )=u") "« B20
Ua1 ~2
For |t0i+ t, = 0, we have
u R
L= J'Fd.u.u.w2 = —u-1l ¥ . B21
%aq :u_1
For ]to|+ t, # 0, we can define
_2[}
-3
vz ult f+ ty ) ' 322
-3

By applving this into B20, we get the following results ;

1
1 8 14w ' ,
for |t] + t 5 >0, = -2.(]|t0i+ ty7])) e lnl=o . 322.a
- 5P ' Vaq
1 v
. 5 | F
for |t |+ t , <0 o= ([|t]+ ¢t )*¢ arctan (v)! . B23.b
(o] 1 1 v
2P -3P H=l
From R318.b we can evaluate g by defining
-3
- 2 .
u = te(|t [~ t7) . 324
U -2 -1
We then have § = [ du.((|t0|+ t, Yol % € 1 ) o 325
Wt =P =sp

This inteecral can he integrated to give the following:

- -1‘67 .
for + _%B= 0, & = =(( [t°|+ t_%ﬁ)-u ﬁ , 526
-1



- |t l'l't |
- u o} 1 ¥
for t1#0 '£=t1ILFdE.{—————Z—B .1124-1 - B27
-ZB -25 u_4 l\ t 1
_ég
If (|t0|+ L )/t q = 0y we pet
-sP  -sP
u
fh = t-: OE | F L] 1328
A
If (Jt |+t , )/t 4, #0, and we define
- ;
{t0+ t-3512
-l NN : B29
t
N
then we obtain the following results
for (ltol+ t 1 )/t 1 >0
- o 1 -
w3 'F
% = t-l . i———¥———— 1 « arctan ;I B30.a
L 'B : 1 ¥ i
2 -EB V_,1
for (1t |+ ¢t , )/t 0 &
[Bol * % 2,0* 1, < 4
2 2 - -
!|t0|+ t_l = _1'F
£ o= ;t-1 . | T | oln 113 '« 330.b
-;s l 1, | -3 |7
-EB i -4 -1



Case 1.142, B+ 2(B4D) = 0 .

Equation

Applying

where

o

We find

where

If 1-2&2

1 1-22°2

From B5.a

B9 now becomes

e 4+ Bux 4 x2= =Du(B + 2(3-D)).(t+1)72 B3

B31, 13, 12, 11, 8 into B5 .a, we have

A= B.G=-£) , B32
A
E = 2B.D.(B + Z(B-D))-1. (2D.(B+D)) z. B33
1 14t
t - 5| F
= J’th-t-fltol- k2) & =-g-(|to|- £°) Eit B3ken
t T -1
-1
tF -% _ ?tF
= dt.(|t0|-t2) = arcsin(t.[ﬂggl)f B3hab
t t
-1 -1
(1-22%)% = ¥ # o.
w Box + x°= (% = e el(x =) B35
e, = ((1-2;_2).:%: HL*)/(#-& #). B36
= xgyve have e, (o + /G - DY), e = 1. B37.2
= -X; 1 we get e = =1; & = —(xg + 434)/(x§ - 414). B37.0

we obtain
= " 1
x N ] -
F L1 1 | 2
,?7' _ 1 4+ x4+ le - ey - - i . (1“:( )
-:.r_f1dx. CNEC L B0 L Y

= K+-I"f{+ - K- o‘;R- 1 ] E38



where we have defined K+

() +-=+-B.e:)/(e+ + e_)

1

"2

4

=

B39

B4O

Bl41

B4a

X
- 2
£1a K. =7 Fdx.(x-e ) 1.(1 -x )
5 L
=1
By transforming x = cos @ , and 9 = 2.arctanu ,
u
F r 3
we get Tz 2ee 1.; du.i(ggE - u2{
va
where and e are understood to be subscribed + or - , corespondingly.

For (2 - e)/e = 0 4 &,
For (2 = e)/e = 0,

v
so we get the following
For (2 = e)/e > O , "V
For (2 = e)/e <O, @&

2
Case 1.3, 1-2) = 0.
From B2 and B3, for this

SCHEE DR

A F
= 2.(eu)

'u

-1

let us first define

_1
, 2
- 11.:2 = 10
L= :
case. 1
2 . i
=e-1.‘—-:£§ - 1ln Llﬂ;
€ | 11=v
o
| -3 '
] ]
= =e 1 & |_§EE « arctanv |

case we have

pP=0.

B43
B4l
YF
L '1345.&
-1
v‘!‘ﬂ
. BA4S.Db
v_,
BLE
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The equation B5.a now becomes

Xp _%
Aw g dxlis Jalaem) V165
=1
- + )
_1
where L = %.(|a[) z.(1 + =) nL&
s A
and c,=1 Fax. (x + J1¢|)-1.(1 - x°) 2. B49
T
By transfoming x = cos @ and 8 = 2.arctanu , B350
-1
Sl e ol 2]
we get £{+ = 2.4 % )7 du.? iff p g E . B51
- T a:l |
u_, |
-; T
TR 3 - -1 "
1f 2 s4]e] =0, 0 = 2Cl=h) Sull ; 52
- _'u-1
If 2 + 4/|«| # 0, let us now define
3
| . ‘—rl 2
v = U. 1 E;ﬁﬁkilf ) B53
i Ml“' |
so we get the following case.
u; "|v1:'
for 2% 4ﬂ:3 >0 L”+ = 2.([2]+ {lﬁl) . arctanv% 35k.a
Jv_1
1 v
s 1 . F
and ("":‘_ = (]2'-A!r|¢| ) z-ln IH{ -! ° ""1514'-13
: 'y



-

1 v
+ Jf_‘ i 1y 2 1evi] F
for 2= J|«| <0 , oy = (|2 +4]=| D uln‘1_v[}
Vaq
- |F
£ L / \ i
and i = -2.(|2_, ml ) » arctanv |
Jv
Case 1.4, x = O.
e o
The equation B3 becomes
« = 41&4.(1 - 1+}.2)“1 and B = O.
Simiiarly equation B5.a becomes
A ]
) - 2 2
M= _rr dx.(1 +°"3.(x+<x)- (1 - X )
=1
1ad
Defining x = u.(1 = u2) G '
i -1
- F f o 2
we have 4 = 1; S ’Ju.[“lz W4
L
Vo
If A >0, we have « >0 and also (1 + =)/e > 0, Thus

2

M

| 1-2

{ 1-2A . arctan |

i A !
/4% = ! . B ! ol i
=) S | 2 A J

r56

B57



Case 2, =2 = 0.

The equation B2 now becomes

A = (2H)_1 5 b = =x 3 c = x2+ 025, 161
c

while equation 21 can be written as

X 1
e AR - 2 -1
Y= (2n) e dxiA - x7) .(-xc.x + xc + 0.25) . 362
-1
Case 2.1 4 x. = 0.
e c
The equation B62 now bexomes
1
L ]} 2
= (2n) /S anatizx™) “/0.25 .
=9
= o
= % ) T 1e(arcsinxp 4 xT.ﬁ£1-x;) B63
Case 242, xj £.070.
Tn this case the equation B62 becomes
% 1
" 2 -
'f". = —‘Mef 'dx.(‘1 - x“) 20(}( - f) 1; 736&
-1
o~ 2
where M = (2x .m) and f = (x + 0.25)/1(U ’ B65
G u

Equation B6% cank: writen as

¢ = M (e Tk (1-£D).) 566



1254

where /i , /" and 7 is defined as follows :

P

M = ; _1.-"1—::;‘: , B67.a
A = arctanx. + B67.b
- T2
5 1
=1
By transforming x = cos © , and © = 2.arctanu, 168
=1
u [
we get = 2.f-1. Iqu.i E%E- u2 ] . R69
u L 4
34
3
Defining Vv = U, ig—;—zl ’ B70
we get the following case
1
e v
for (2-£)/f >0 , =t X dnlM' 1F . 871.a
3 A=v! |
: v
-1
_1
x pmpy 2 p
for (2-f)/£<0 , = =2.2 s ]-—%—! . arctanv | « B71.b
vy



APPENDIX C

. 5
THE SIMPLIFICATION OF Im |Tr(a)| .

Let ug first define

B0y = m{n skEt. ™ ° '
Iuvn () £ 1t.cosBt.du(t) I (t) q1(t) y €1

where the Bessel functions are given as follows

(t/2)" .

Jn(t) - 7 T e I dQ,cos(t.cosg).sinzqG, c2
T(n+2)-r(§) 0

5
Ju(t).Ju (t) = J.-dEf.Ju-W(21:.(:(::8555).cos(u-\J)ﬁﬁ , C3

o

. x
Ju(t)'Ju(t)'J (t) = *——17————7 el d@.sinajg.jgdg.cos(u—\ﬁﬁ .
n F(n+§).P(z) <. 5

£N
.(§) .cos(t.cos@).Ju+v(2t.cos¢) . cl

Substituting Ch4 into C1, we get

e

H
- Ean
e
S
I

T 2
o f dO.sinanGu'fdﬁ.cos(u-\aﬁ.
o o

4

= 1 ;1 18.5in° 0. £ df.cos(p- V)4 .
¥ nigdegla) © 2

MWH(E,G,W ' C5
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where we have define

n
o t
= ) L ° e ° - 2t- g ' C6
Muvn(E,Q,ﬁ) é dt.cosEt (E) cos(t.cose) Ju+v( cos@)

Equation C6 can be rewriten as

4 N
e dto%(COS(E-COSG)t + cos(E+cosG)t).(§) .
o

I

E
Muvn( y8,%)

. Ju+“(2t.cos¢)

15— ~
= é(wu\?ﬂ (E.Qog) + ”:_\JTI(F:‘G’Q})' '47

where we have defined

s n
I (® = Rt » 2t. . o8
Muun(u,g,ﬁ) = g dt.cos(E=cose)t. (=) Ju+v(ct cosf)
For (u,v, n = (0,0,0), we have

Mi(E,0,0) = Imdt.cos(Ei cos@)t.Jo(Et.cosﬁ). c9
0 0]

Puting C9 into €5, for (u,;vin,) & (0,0,0), we get

IO(E) - §-T‘: .(IO(JJ) + ID(J)), C‘to
T
3 T 2 +
where IE(E) = s ade. I_dﬁoMS(E,Q,ﬁ) i c11
(o} o]

From the table of intergral
. 1
_ 2y 2
F-((Zcosﬂ)a- (BXGos0)7) : 0 < Efcose <2cosf ,

M%(E,Q,Q) =i @ .

=

cos@ = 2cosfd, c12

!
1]
Lo s+ 0 <2cosfd <Bicoso .
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a

| catwl > !F\ +4§g,2 [

“ineg "?4{ = “'-4"’?

AAAAA
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Let us consider the domain of integration C11. From C12, we

find the following results.

If |E| <1, we have 0<© < w while O <f 2005-1(|Eicosgl/2) :
=1 =
If |E | >1, we have cos (2-FE) s© <mwhile 0<ff <cos (E+cos6/2)

or D<@ fcos_1(E-2) while O < # fcos_1(E~coaﬂ/2)-

This has shown graphically in Pig. €l. Since the integral is
known to be symmetric with respect to T (sece C6, it contain
only cosEt that depend on E), . we necd to work only for E20,.
Putting C12 into C11 and/applying the domain of integral

discussed above, we have

1
= (|E-cos°|/? 2
IE(E) - f iQdQ (2005%) -(E-cos@) '
; o)
o 9/2) “ 2 : "] 1
(E+c ° | 5 P sin" § | e
or = f dgdﬁ ltﬂ (EXcos8/2) | v |1- 5| i
[“ $ I 1-(EXcose/2) I
_1
v . . Y + 2 ‘:’2
Defining sinu = sinf.(1-E=cos6)" /B . c14
_l
§ ? _ - ok 2 2 ccsu.du. C15
then we have ag = (1 (m=cose) /L) ~. =oed

From C14, it is easily find that

1 1
u = arcsin (1-coszﬁ) 2.(1 -(EiCDSQ)z/h 21. c16
Applying C14, 15, 1€ into C13, we get

1
m

I'r-';(E) =Izd9du.[1 (1 - (Efcose) /h) sin u] & 017

6]



13]

The integration over u gives the complete elliptic integral K9k),

where k is a functien of 6 defined by,

K = 1 - (Eicose)z/h c18

The integral C17 then can be rewriten as
&g o radb il
IZ(E) = é a0 K(/1-(EZcos0)“/4), c19
1

where 91 and 92 are the lower and upper bound of the integral

domain, discussed previously (see Fig.C1 also).



Appendix D

MATRIX REPRESENTATION FOR IMPURITY PROBLEM.

In this appendix we will study the special
properties of the matrix representation of the impurity
problem. Usually we use the state vectors |Rg> and |ko>
of the isolated, unperturbed, systems as basis. So thaﬁn
the matrix representation of any operators ff can be writen

in block form as

-~

M1 Mo
Mg = > D1
=
where M11 = '{«(ﬁ,rle‘Qg}} ' M12 = f(_;{,gl}vflk“ o> '<£0[T:Ilk2g->1
<k1glM|£o>‘ <k1g|M|k1:>,<k10|M|k2a>. ‘
d(zﬂlM!RCf)* ‘Ckaoli"ilkq U>,<l{20|M‘}{20> & 5
Moy = i Moo= : ) o

D2
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Let us define

i} f 1 : 0
Miq 015 |011 Y12 M99 Ma2 0.4
Mgy(1) = y M (2)= bed v M (3) :i ’ MGG+)=’
\%21 Y22 M1 22! %21 %22 M,
~ N
T )
and 1 %12,
M (5) =
1921 %22
From this simple projected matrix, all matrix of the problem
can be formulated. The multiplication of these matrices gives
us the special properties (which we use in chapter V),i.e.
AU(1)°AU(1) = 1—'}0(1) ; "\\0(2):1\3(2) = (‘IG(") ;
A (DA (2 2D (@) 30 A (2).A (1) =E (2) .
J (8] g g o g
The type II projection have VEry jinteresting
properties in that all matrix function of type II matrix
can be expressed as
FiM (2); = a.I_ + becM (2) + c.M (2)2, D
Lo 4 a g o

where I is unit matrix, and a, b, ¢ are scalar quantities.

If we normalize MG(Z) by',‘.J'M12 Moq o which is scalar quantity,

we find that

ﬁg(z)a’“'1 = fi (2) DS .n

and M (2)2m M (2).M (2) = M (2)2. D5.b
g a a 8]

This prove the statement given in D4,



Appendix E

6
BS-DECOUPLING SCHEME9

nS use the Hubbkard decoupling technique to define

- n & = 4+
« Lo
_ 1
Yo “‘L ; 3
1 - n, T = = .-I
Lo
fini x N\ E2
Defining Cpt Cootia
and €_ = EE + 5G+U 5 E3
o B o
we have ng Ny /= 6GB~H£U y Eh4
< + 1 _ [ @ .] =
[CR,U ‘de—! = O L] cf‘a!cno' - ﬁ.ci’,cr c;“c.- Gaﬂ" 1 W
|
e A G T el a ek
%0 pqd 25 o0 L5 %o oo i
4 . o o S «
c n, = ¢ <8 and c n n p S 207 «8 « 8 v
(¢4 1o’ to " oo’ [ac’ 20" 159 go =t oo’
Defining B b) |=eze® 6T 55
of Lo’ o
and rettingvzic = 0, we have
o] 3 C o
o = n :'". 2 oG UJG °
w Gmﬁ <n_ 5:@/ T o+ LL -t B 6¢+
o
o < :'-"EWE
or G - ..—-.Enﬂ_._._

2me (= € )
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(% x O
Definiug X = ; E8
X ¥
=+
‘re can write E7 explicitly as
’n'é/(u:—e__) 0 N
o 1 ES
d - "2"'1_"'" L] " ®
L 0 né/&u—e+)
n- 9]
. . 1 g
Defining A =<== . E10
0 +
L o
5 o q | 15 g
then we have Gegl W Y S0 (WIS 5o —— + ———| » BN
- <P 4P L ows € w™- €y

which is ecuivalent t0 5.3.6.2.

BS sugpgested the self-enerpgy matrix equation of the form

G =6"tGN.G E12

1

where M is the self-encrgy matrix to be used. Note that G and ¢°
matrix representations of the Green function are not exactly
iinglz narticle Groen functions. In fact E12 has the two particle
correlation as shadowe. The interpretution of two propagators,

: : o L - < o} ;
which has teen discussed in chapter IV, zre G and G++ in

the zero coupling limit, When the coupling V is considered,

kg
the two propagators are the fundamental proparators of the
spin o electrosn propagator G?L. For V k# 0, we have

=€ ).G _ = <nza>. Sup/2m + <cd§0,cﬁ 5> E13
@« e
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dc‘ = ..ul_v o G_C -
whore Lo & | ek 5%k +“°(U2k°czackcc2c- ngfcﬁécﬂécﬂc)] E1lk.a
L (4E 3) . E14.b
= A La + n(dﬁ-c- dzc

The equation of motion for the second term cn the right of equation

E13 is
o doc " - (m-. ) F <{ (‘ﬂi CS_I_ }> /21’[ 4 <<d; y dB >> E15
Y 20>> ° eg’ |7 ‘20 %0 g Lo
Defining
8 L A{AT3aPT 15
38~ <{d£0’c£o /2 . E16
and D . = <<d" ,dBT >> E17
«f Lo~ Ao

we see that when E15 substituted into E13, the new matrix

equation is

(A .e%)

“16=2 + (B + Dx(a~1.6%) .
From E12, we can find the formal solution of the Green

functinsn, Applying this into the equation, we have

=1

(a6 N1 - ® )" 16® = 4 4 (B 4 D).(a"1.6%),

- @i s s (07169 % (B 4 DY,

Rearranging the first term on the right hund ride of the equation, we

have

1

=1,6%)"1.6% M. (1 - ¢%a)" 1= (3 4 D)un” 2

(A



Multiplyirg the above equation by

.lﬂ‘t -»T". » ( I
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=1
-G .M, WA

D ' £18

B+ D

Now, the rrolem is to find B and D. From £16, we have

and

Similarly,

We now need to obtain the Creea Mmuccion <<c,.n,

conjupate.

with q bein,

Wwe

35

Their warl: is

since they

Lra

i
PR C

S e

::B
--‘"G{"'\

P_

-
2]
=
et
{1
e

ﬁkJ LG

"Vzk°<5a5°nzo"{ckﬂ’clc}): s

=i

P ;
?vsk’(“mclco %o '[nﬁ?f 20k a

1.
( p

ol BTNy O By + Ponyy)

s we have

+ +
VIR e TVE s «<C e .n
RO B ER Vi " %26 k™o

¢, .>>and 1its
“u6 o " YkE>?

gwggested that

Sl o T

0h el

neat

dif{erent.Ly in weak and strong cases

nkg aﬁd LY,

t

the Green function <4ﬁ6n£0,ckc>> at

f-- 2onsistent with n“k’
&

]'nh:)

E19

E20
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first order of V, , . From the definition BE14 and E17,  ws have

« BT Y-S : b
D«B = <40 + “°(<{dgo‘“%u P = ozdaﬂt ?c>>
+ 2 2+
@ + = << an >
B .( <<d?;1,__{2£0>; ) <<dﬁé‘ﬂfc>>) + off ok ! T &0)
2 3t -y - £21
- <q120'did>> - <<d£0,dﬁc>ﬁ + <<li20‘d26>>)

They developed the equation of metion for all Green function

in E21 only up to zero order in VLR° The result is

<11m_?.61 b ‘:SO‘YOPD
o” L/ RELA0 NN "0 E22
th 27 271

where y denoting the weak and strong coupling case and having

the wlues % and 2, respectively. We can write

"eMn“'- — .’.‘4.20 + Cem ] E23
where Cuﬁ = «B/2n E24
and m = 7.20+ q E25

Substituting T23 into E12, we get

P
]

[I - Goa(ln\-“el'ro‘l‘ A-‘IoC-:\-‘I)-mI .Go. E26

Q
I

Defining

f B
(I + J)/27n and J = [ ] ’



where the J

defined in

Appendix D,

-1
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matrix has similar properties as the type II matrix

: 2 ini
i.¢e J = I3 and defining

= 3 o = % m -1 “t o =1 ;
G = LI L G .A .(;.O,I + 21_[0*\ )J eG oA E.27.a
( 2Mer” 1
. -1 O
1-271:¢f-_1'¢(§'30+m/n ) E]B?.b
O .
2T ef]
Rl J' +
f 1-2Mefg a(EO+m/n ) )
where g = G;_/n and g' = Gi+/n+ ;
and also defining
7 o n.G.047
YT o
i 0 ~2T.zem/n
: 1-23.g.(?0+m/n"1)
~2Teg'em/n o
1~2n.g'.(2ﬁ+m/n—)
E26 becomes G = (I - Z)_1.5.i
2
. L+4 G2
= 1 + 9336t (2) ¥
1+7 =
= 1+det Z)aGnJl E28
’ 2Teren |
. det(Z).n"en*/m
’ 1—2n-g.(20+m/n )
.E29

= T+det(Z)’

det(Z)en on't/m

+
2TNeg'en

1-2n.g'u(20+m/n+)'
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[0}
ng (UJ) = .S_;ﬁ.G B(‘b) N
we get .
- +
b _ 1 2TMefeN 2Mef'anl
GR,R(N) - - -+

1+4det(2) | 1-2n.g.(Z_+m/n") 1-2n.g'.(20+m/n+)

+ 2det(z).u~.n+/mi

- , . — =1 2
2MeZeN .lﬂ-2n.g'.(20+m/n+)i + 2n.g'.n+.l1-2n.g.(20+m/n )]-2(2n) oEag oM

-
-

5:‘1--211:.‘;:_2"..('.~'?_j+:n/n"h)‘i.F‘I-—Zn.g.(5.‘Q+rrt/n-1)-I -(2n)2.g.g'.m2/(n-.n+)

[2n.g.(1-2n.g'.?ﬁ).n ;+12:,ﬁ'»(1-2n.3020).n+ |(Zn)z.g.g'.m.(n-2+2n-.n++n+2
L - - n-.nF

L(1-2n.g'nzo)—2nom.g'/n+ i.1(1—2nng.ﬂo)—2n.m.g/n_] - (Zn)z.g.g'.mz/(n“.n+)
- Ll -

n"ontol (w-e =% )en " +(w- ¢ =5 Jon® |-m
L + [»] - o]

= : E31

r + 1T S v -
_&’-€+—Eo)'n -mJ .L(w-&_-ﬂo).n -m j—m

LE o,

Fﬁih(m) & - +B(m) 1
we get

F"v:ﬂ ( 1 ir-det(Z)nn“¢n+ 2Ttog'¢n+

1) = TraeEm) ! m ® - B32

1-2nlg'.(20+m/n+)

The same result can be solved from the formal equation E12 if

we know M. From T23%, we find that

M= ATTE 4 meh” VeCan”

ﬁ-qo(EO-F moA_1/2ﬂ)+ meﬁ.-1.J¢ﬁ-1 EB}&:&



(FO+ m/n )n
= 21{-

L -m/(n".n")

Defining F_ = E'G-B and F+ =

and substituting this into E12,

F = 6° + G° M F +G° M .F
R

and F = G + G -M IF+

Yo

we get

1

-m/(n".n™)
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. E3%.Db

(T0+m/n+)/n+ ‘

‘

E34.a

These two linear equations can easily be solved to give

N )
F_ = /Q
1G° 1-G° .M
++ A4 HF
1=aSUmLONG2 [
R P A 6°
++ = ++
1-G° .M -g° .M
- - -y
where A =
-c° . 1-G° oM
44 4= ++
| 62

We find that G = F + F =

E35.2

E35.b

/[ a E36
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-1 "

G S P ¢ VIR "

0_1 b ) 0-1 A x

(62 = M_delG =M )-N__M_

where (Mm_-M_+)/2n = (Vo+m/(n".n+))/n_ .
- 4+ +
(M++—M_+)/2n = (rg+m/(n .1 ))/n E38
: T e

and (M+_.M_+)2n = Am/{n .n"))
E37 is therefore equiv~alent to £32. This method of solving

gives us the relation

.121‘\'; - F
4

and
Y950

Using E34.b, we have

G% = F_4F E39
53 N
28
F =& A B40
b v T Teso
% B4



Appendix F

THE SELF-ENERGY r,}( w),

This self-enerpy function comes directly from the
admixing prccess as has been shown in section %3.5. From
expression %.6.3.2 and b  we c¢an evaluate the real and
im~rinary part. To evaluate the imaginary part, &O(w),

we use the relation

f%

2 [ B JE e |Vl &e Lumey) (F1)
V) |

slw) = 1.

"

This can be evaluated eagily, if we c¢ePn express 'ng

function of Ek' From definition (see section B.M)Uﬁk is

difficult to c¢valu=te . For simple cubic SIC, we have shown that

the wave function Qi(r) is given in 4.2.32, and the matrix

element Vik is
V., = ii’: .sin(M-j)e.exp(-ik.R ).V (R, +Z)-F2
Ltk T PUMEIT 5. AT A
23 3 J
2 3 ; ;
=iV 5 3 ¢ s:.n(M-;])Qvij ' F3
i A = 5
where Vv . = =+  oexp(=ik.R_ ).V (R +2.) , which Fh
23 P 2. 2. 2 Ls 7
J J J
has _ the meaning of the coupling between adatom and the

j=layer parallel to the surface planc. Since (M+1)@ = nn+ ¢
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for small surface perturbation (see 4.2.15), we can express S.4.3 as

g

Bk T TR W k2

%‘(-1)n05in((j+1)q-5)ov2j

_éwwvEn(—1)n-[sin(j+1)9.cos § - coS(j+1)9-Siné1‘v j1F6
N M+1° J A -

Expressing sin(j+1)@ and cos(j+1)e as function of xo0s6, we can write

j cos(j+1)e sin(j+1)e
2
0 cos® 1-cos @
1 2008200 5na0 1566870
2 400539-30050 (4&0820—1)JQ-00529
For larpge j, vijbecomes zero, so that we need to sum only a

few term.

(1

There are many confiruration that the location of adatoms relates
to j layer in the two dimention structure. It can be classified

into three main cptegories as show in Fig.F1.a and b
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IT1 ) R
1T
I i -F

(a) (b)

Figs. F1 The relative configuration of adatom o to the j layer

a) squarelattice, 'b) hexagonal lattice.
The configuration would be g=z)lled adsorption site when j=0

(surfacelayer).As an example the explicit expansion of v of

2J

square lattice can be written as

ViRj o ang( ).{cos(kx.3/2).cos(ky.R/2)}+ ZGrj(g).{cos(ka.H/Z).
.cos(ky.R/2)+cos(kx.R/2).cos(}ky.R/2)} + 2;£j(3).{
.cos(}kx.R/E).cos(}ky.R/E)} + zfrﬁj(ﬁ)-{006(51{}(-1?/2)-cos(ky-R/e?)
+ COE-(kx.R/a).cOS(ﬁky.Rfa)]-+ e ® ® « o 3 F?.a

ii . : P _'

vzj = vnj(O) + 2v£j(1}.{cos(kx.ﬂ) + cos(ky.R)}4 2v j(2).

. cos(kx.ﬂ).cos(ky.ﬂ) + 2v;j(3).{cos(ka.R)+cos(2ky.R)}

i ZEQj (4).{cos(zkx.R).cos(ky-R) - COS(kxeR)-COS(Zky'R)]+°

@@ e e e 30000589

F7.b
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iii _ = ) = -
ah = 2v£5(1}°005(kx'?/2) + 2Vk3(2).cos(kx.n/2).cos(ky.R) "
+ EGhé(B).cos(ka.R/2)+ 23'3(4)-cos(BkX-R/E)-Cos(ky-R)*-
.90...."....’.; ' F?.c
i,ii,didii
where v are corresponded to the type I,1I,III
£J

respectively. This can be worked out for the two dimention lattice.

If the phase shift ¢ is known F6 can be cvaluated. We shall

find that this phase shift is small and can be set equal to zero.

So that
v |8 o ARt g in(5'41)8.V ..V
|g£k| = A3 jj..sin(3+1)9.51n(3 +1)e. 3" g3 F8
X M_it-.m-coszg)._f(kx,ky,e), F9
where f(k ,k_,Q) = (E Ei00) v, (k. ,k ))2
x! y’ - j. ° Qj x"y ! 710
1
Defining sin(j+1)e = (1~00529)2.gj(9) ’ F11

2
we find thet gj(Q) is equal to 1, 2cos@ and hcos™0~-1 etc.,

when J equal to 0,1 and 2 etc.. Unfortunately, we
cannot give any detail analysis of the f=-function for the
three-dimensional crystal. However, 30(m) can be worked

numerically, which is shown schematically in appendix G.

The most frequently used crystal model to study

chemisorption is one-dimensional SIC. without any surface
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perturbation (the ideal). For this model, let us consider the type II.

;'gj(i) is zero for all i greater than zero, so that

=, 2
£(0) = (§8s@-Fi40N" . F12

To see the corresponding rsult of one-dimensional model to
Newns'semi-elliptic A 0(u), we assume the same assumtion

that ij(o) = VEOCO)'Go"

J
£(e) 71 (0)]° 713
Then (&) /= I?Ro [
2 2 2 - 2
where V(|7 | 292 (1=g0s70). [v}, (0)] P14
Since we have Ek = «= 2|B .cos@
M+t —de M+1
and o W=l = —, = = vy F15
< X T dak En‘BI./1-c052
ek—“
Defining x = 4 F16
2 gl

and applying this to F14 and P15 as well as putting this iato F1, we h

6 (x) = A (w)/2lpD?
0 0

+1 M+1 > = -

= T[.J‘1 d)C° + 29 ’_ .(1_x2)nx2.6(x-x)

"1-—- T‘:+1
Mo/ 1=X

» T o

= 2A“.J1-x2 s F17

where

1

v, () /2|B] - F18
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Then A (k) = A w)/2]BD7

2A2.(x - sig(x).J1—x2.9(|x|-1) y "9

where © (u) is the step function which is zero when u¢ 0 and is equal to unity

when u >0 ,

This show that our three-dimenticnal model has one-dementional

limit which is equivalent to the result to those Nenws' one-dimentional model.
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