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Abstract

The formula of X of the crystal where one cell contains many com-
ponents is derived in “nearly free” electron approzimation. It is very
imporiant for the crystal in which one cell contains many components
(for ezample A3Cs). Old McMillan approzimation is even given er-
ror predirect for these systems. The phase interferenes among these
components can not be ignoreded. -The electron-phonon interaction
induced by the high frequency mode on ball is computed. It further
prove the main part of electron-phonon interaction which resulted in
superconductivity of A3Ceg is the part of low frequency mode of inter-
molecular.
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1. Introduction

Alkalis doped fulleren has been intensely investigated. Many author compute dimen-
sionless electron-phonon coupling constant induced by high frequency on ball making

use of McMillan approximation (1]
wmax g max
2 _ ' o F{w)wdw ~ Flw)dw
D S =T R w T P 1)
Under this approximation it is easy to show (2,3}
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where 1 indicated 1th component in one cell. However this formula exists serious error
when use it to compute dimensionless electron-phonon coupling constant for the crystal
in which one cell contains many components. About twenty years ago I.Gomersall
and B.Gyorffy considered the electron-phonon mass enhancement in transition metal
compounds, they given the phase shift method for A of the crystal where one cell contains
many components in muffin-tin approximation in appendix [2]. It is fit for the case where
the scattering between ions and electrons is strong. They only used it to two components
compound where the difference of mass between two components is very large. But the
mass of C atoms on Ceq is the same. The scattering between the carbon atom cores on
ball and “nearly free” electrons in 4;Cs is not strong. In section II we first reconstruct
the formula of A for crystal in which one cell contain many components which fitting

for A3Cs. In section III we compute the electron-phonon interaction induced by high

frequency mode on ball.,

II. The general formulation of A of many components crystal

A is given .
A =[%a’F(w) 3)
where
0P F(W) = s T fop S5 Jp SE NG, 4P Bulk’ — k,w)/ [ X, )
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in which V is crystal volume,
B,(k' - k,w) = ~1ImD, (k' — k,w +i6)
is phonon spectrum function, D,(g,iw,) is Fourier transformation of D, (g, ).
: 1 4 fwnT .
D, (g,iw,) = ;1—5/0 dre™~"D,(q,7)
D.(g,7) = ~ < T,A(q,v)A*(q,v) >

., where

Aq,v) =a,, +af,

(%)

. To compute o F(w) we first write perturbation potential of electron-phonon interac-

tion

Hapn = [$H )V (r)e(r)d®r

where

Vo(r) = = Lniatnia Va Vi(r — B — di)
¥(r) = Tite(r)ex
substituting above two formula to (13) we have

Huopp == [r Ty Thia Yu(r) Vo Vi(r — Ro ~ d;)d:k(r)u“‘;'acltck

making use of the expression of displacement
Unjoa = Ev,w[m])ne:a(@e"qk”(a«z.v + at—v.v)
one can obtain
H,{_p}. = Zk_k' Eu,q Zn,i,a fdar[fﬁ-ﬁlﬁmj'}llld’;‘(r)
VaVi(r = Ru = di)hu(r)ef o (g)e " clycilagy +aly,).
According to Bloch theorem it can be written
Hel—ph = - Zk‘k’ ZV,q En.i,a{ﬁ{m])n fd3r¢;’(r) Va Vi(r’_ d:)

wk(r)ei(q+k+k )Rﬁeza(q)cz’ck{av.v + a!»q.v)

(6)

(1)

(8)

&)

(10)

(11)

In terms of

T, eRnlathok) = GBI 50 4k K — K) = Bk 4 g — k)

we have
Haph =—oan Ei,a{mm]m [ driu(r)
VaVi(r — di)yn(r)ely (k' — k)cler(ay 4, + a'.(k'-k)‘,)
=Tk k §v,k',kcz'c&(ak'—k.v + at(,,‘_k),‘,)
in which

9 hw = “Ea,;[i‘ﬁn??:.:(‘qi}‘/?fdf'rxp;, () T Vitr ~ i )et (K~ B)
So that
e F%#Zi'“""’ T %am;w-:) M,
[ @b (r) Y Tir — de)bu(r) [ ' 307) 70 V' = di)be ()
alk = Rlefg(K — )3 ImD,(K ~ k,w +3d)]/ [ £
= ey Diain | 4 rex

< K| 7o Vilr = di)lk >< k| 75 Vi(r' = d;)Ik' > .

hety (K =k)egy (k' =) . oy
T s i Dok = kyw +i8)/ ¢}

here we account

Dy(k' = k,iw,)

o helo (k' — k)et (k' k)
Da ALY n) = : .
p(i, 7, g3 1wn) Xv: 2N (K — k)M,

@*F(w) = s Tiaio | £ [ £ < K| G4 Vi(r - di)lk >

< k|gp Vi(r' = dj)lk" > ImDag(i, j, q;iwn)/ [ dT’Fk
Making use of

2f %ImDa.ﬁ(isst; wy) =10, 5(1,7, ¢ ws = 0)

(12)

(13)

(14)

(15)

(16)

(17)



a?F(w
=2f_€udw_ WZ;G),GIJI&I&
< k ‘ Va V,(T - d-)ik >< H Vi f/i(rl - d])lk‘ > Daﬁ(i)j, q; iwn = 0)
= “'X:‘(T‘z,;)?ﬁ Tiaio Z&—Rl. I %f% < K| o Vi(r = di)|k >

<k Vp Vi(r' = dj)K' > Da(£,i,€ ;i = 0)e~Re-Re) ) f £1
(18)
In appendix we have shown that the delocalized vibration is not important for electron-

phonon interaction, therefore we can take approximation

Da,ﬁ(ea iyelrj;iwn = O) = 5t,tDa,0(e» i1 E,j;ib)" = 0) (19)
so that s .
A = b Tiosa ] £ 122 < K| 70 Vi(r - d)lk > )

<kl 9a Vi(r' = dj)k' > Da (8,3, 8, jiitwn = 0)/ [ £2

In appendix we prove

uﬂ(eiz$e1]lzwﬂ~0) = _h{(pllxat'.;ﬂ (21)
A is written
v
A= A(2xP N .:Z; ‘ph'a‘m 6// vF ‘ ®2)

A A('I:)J Zza lxalla [:a/f‘f: (')3)
ﬂ(21)§ Z"-O.j sz‘,n;l,) a““/[u /f d’k

My = / quf— < K| Qo Vi(r = di)lk >< k| 95 Vi(r' — d;)|k > '(24)

IT1. Conclusions

In our previous paper [5,6] we have assumed the electron-phonon interaction induced
by intra-molecule high frequency vibration modes is weaker than that of low frequency
modes of inter-molecule for 43Csg (the At optical mode and the mass center vibration

of CX).

For 43Ce we apply above formula computing the contribution of high frequency
vibration mode on ball for electron-phonon interaction. If noticing the ionized energy
of carbon is eV, we can approximate the effective nuclear charge of C atoms equal to
1.82(hydrpgenlike approximation) . We have prove in [6] the configuration of A3Cs is
every Cgo carried two negative charge and there is one “nearly free” electron in every cell.
For K3Cso, the lattice constant is 14.254, so the Fermi vector is 0.345x 10'°(m™!). Using
frequency value and multiply of all modes list in Tab.1 and corresponding eigenvector
of vibration, we obtain A = 3.94 x 10™*, the sum of the contribution of individual atoms
is Ay = 5.17 x 1075, the contribution from interference among atoms A, = 3.41 x 10~4,
It is clear that the interference among atoms is important for crystal which one cell

contain many component. This note proves the assumption in {5,6] is true.
Appendix

Let us mimic J.Apple and W.Kohn [4] writing phonon vertex in wannier represen-
tation for many components crystal
La(n},ny, ny, ngjw) = Zm.pum o eHPyny +p3ny ~pima—pana) on(Ph, P P1L P2 W),
o . + (25)
Ln(Pyy P Pip2) = 0 9u(P12P1)9u (P2, P DBy = P1)E: oy it
where ny,n,,n1,n, are lattice sites indexes, and g,(p;,p1) and g,(p;,p1) are matrix

element for emission and absorption a phonon with momentum ¢ = p, — p, respectively,

gll(p'lllh) Zn i an('?[\,!‘V.‘:;;"]ﬁ)1/2 (u)(Q)e‘QR" f‘l' (1‘) Ve V(T - - dl)d’p) (r)dsr

- znia.s.,:‘,(2NMivu(q)
R Jwi(r = Ry) Va Vilr = Ba = diu(r = Ry )dr,

e g)ecio e

(26)
where w(r — s,) is wannier function which center is at s,th cell. The cell is composed of

one Cgo and three A*, Cy is at center of rhombic dodecahedron consisted of fourteen



At
9.(py,p2) = — me(m)lhe%)(q)e-iqnm

T95,() V8 Vil' = Rn = di)bpa (r)Pr

v i ifn o (27)
= - Zm,'g_,‘\,,a;(———————;NM:%m)lﬁegﬂ’(q)e igRm oi(—Py93+P222)
A Jw(r' = R,) Vp Vi(r — Rm — dj)u(r’ = R,,)d"r".

D,(p; — p1) is the phonon Green’s function

Du(9) = @2y (28)
v is polarization index. So that
La(nyngn,noiw) = T Dias Liajp(m, w)(ny] Vo Vi(r — Ry — di)n1)

(29)

(nal Vs Vi(r' = Ricm — d;)|n2)

where

(0| Vo Vi(r = Ry~ di)|n) = fJw*(r — Ry) Va V(r — Rt — di)w(r — Ry)dr, (30)

the matrix is small unless all three site are near each other. L, js(m,w) is a lattice

Green's function in site space,

(v) (»)
1 (9)¢,9'(9) —i
Lia,jﬂ(m;w) = Tii Zu,q ; T—JM':A:,w.:q) D,(q,w)e 9B (31)

It is negligible for |m| >> a, where a is lattice constant. Therefore [4(n},ny, ny, ng;w)
is significant only when all four site variables aré near each other. Above facts show it
is localized vibrations that play important role in electron-phonon interaction, the long

wavelength phonon is not important for electron-phonon interaction.
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The phonon Green’s function is

Da.ﬂ(e7 '; [v]; T) = Da,ﬂ(e - e’: 1; 01 J; T) =-< Tfua't_t’,i(r)uﬁ,ﬂ.j(o) >

= — < Trtqpit)ug e ;(0) >

A i(qRe+ 'R ) v v !
= Zu.q Zu"q‘{7NM?..,,,(,,)]1/2{2,1”’”“,“')]1,23 (eReta Ry ea.i(q)eﬁ'j(q )

[" < Tr(aq.v(r) + aiq.u(‘r))(aq',v' + at.q’_.,’) >]

A i(qRe+a R ) v Vot
=g Z.,',,,'[,NM:L,(.,)]”2{,NM,UJ(7,)]”"':5’(" Ry ea,i(Q)eg'j(Q)

[ < To(ag(r) + alu(r))agur +al ) >l

A ___/2gilaRetd Ry gy (@)ef.i(a)

A 2 R
= Lug "'-QII’INMer(q)]” {ZNMjw".(q') ayi
{_' < Tr(aq,u(T) + a’—q,v(‘r))(a—q.l’ + as,v) >]6v,v'6-q',q

— A i{Re=Rp) v v
- Eu,q WC ¢ ea,t(q)eﬂd (q)

[~ < TvAu(q, 7)Au(—q,0) >]

— A ig{Re—Ry) v v (o
- E""’ ‘2Nuu(v)\/M.'M;‘ € ) e‘vc(q)el.ﬂ(q)D”(qY T)

Dop(8,i:€ ,jiiw,) = f§ €™ Dap(,i;€,5;7)
Dv(é!iwu) = fé’ eiw"rDv(Qﬂ T)

Da.B(evi; e';j; z.“’n) = Da.B(e - e‘w i; 01]-; iwn)

r“w(Re-R ')

ey Ag)eg ,(a) .
= Lon norainty DAD )
=5 ket (q)e 4(q) 2wy(g)
T e 2Nu9(q):;M;Mi (fwn)? —wi(q)
. L. Al (a)ey 4(0) iq(R,~R,
Do.ﬂ(esz;e')];u‘-’n = 0) = _Zv‘q W‘i{;e WRe=Ry)

The dynamical matrix is
oy5(e) = (Mid)? YR-Ry, ‘I’a,a;e‘i;(.jc_iQ(R'—R")
WH9)es () = Tps Pasii(0)e)()

1 -iq(Re=Ry) ()
=¥a; T, LR-R, Do pitit e ey(q)

(32)

(33)

(34)

(35)



= 1 -ig(Re=Ry e (9)
i) = Lpjir-R, T BRI, peie B (36)
if one times e:,“,(q) in two sides and sum over v
~ia(Rg-R s) e, (e)eg (@)
6. = . e ¢ o o)
6a.a 6:.: Eﬂ.J'Rz-—R,I 7M,M,' v w2(q) q’a.ﬂ:t.i;t‘.} (37)

sum over ¢ in two sides

—lRe-Ry) ety L (a)ep ;(q)

Nboarbii = Lpsn-ry Paptit s Zaw ~Timr— a0 (38)
—re=R ) ¢, (0)e} ;(a)
60'0'6i';: = ZﬂJle—Rl' @a.ﬂ;(,i;l'J Zq,v fm% (39)

—if Ay~ R
eﬂ((

-1 -5 ex (a)ey (0) ‘ 40
afitil ;. T v N;;MiMjW.’,(?) ( )

2

_ 2
q’g.ﬂ;l‘-‘:(.j = {3%'“3,‘"‘,4]u.,t.i:uﬁ_.‘,dﬂ) ‘ (41)
Dop(8,i; 65w =0) = (®opiesl™ (42)
_ ' e¥ (K =K)e¥ , (K ~k
(8 )apis(k = k) =5, GelHeialt b . (43)
i Re=Ry) . )

PN he¥ >
Das(8,4;€,j3iwn) =%, —‘———\74-—— “;:,k »:jl)»:,w,,m 7—(91—(,, ";’:wm) (44)

A Re=R )

NP _ KeY , (g)e” s(q)e -
Dap(8,ii8,j3iwn =0) =-1,, m =P Vo iws;  (45)
We calculated the electron-phonon matrix element, if we approximate dielectric func-

tion in Linard formula,
rhZe?
V,(q) = 4qkr21:e

d(q) =kingke , (46)
Vi) =525

Myl =[5, Lk p K -RE=d) K k) (k' — k) Vi(k — k)Vi(k' — k) (47)

vF vp

, . s 2wtk 2282 . ) AR 7282
Mip =M = B g = P (48)

W= M o= M = o MW = M =
My =My =Myi=0 Mi=Ml=M3=0

2

ii _orxtEd 2252 sina(sina—acosa}
Ml = 32m [ ot ]

i inaai 49
Mii = 32m?[ TR sinalsinazacors)) (49)

- 412 7382 4 .
W = rigd kEZ A% ~9?cos2a42asin2a43c0s20-3
My =32 ( . at ]
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