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Symmetry of superconductivity in NH;K ;Cg, superconductors: nonadiabatic effects
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We have studied effects of nonadiabatic electron-intramolecular-vibration couplings on superconductivity in
a multiband system of fullerides. The self-energy of the anomalous Green function was studied. Corrections to
the Migdal approximation were taken into account for both the intraband and the interband couplings. While
the nonadiabatic corrections to the intraband couplings favor anisotropic superconductivity, the corrections to
the interband couplings favor isotropic superconductivity. This raises the theoretical possibility of the change
of superconducting pairing symmetry close to the boundary between the superconducting and the antiferro-
magnetic phases of Ny 3Cqo family of fullerides where lifting of the degeneracy of thg bands is expected.
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I. INTRODUCTION tal research of antiferromagnetism and superconductivity ob-
served in NHK;3Cqo.1%712 The phase transition between

The discovery and the development of mass productiothem may be accompanied by symmetry reduction of the
processes of the ¢ molecule have opened up various op- crystal and subsequent lifting of thg, band degeneracy.
portunities for material science and nanotechnology. The moThe lifting of the degeneracy decreases the intertahy/
lecular aggregates composed qfCsometimes called ful- coupling constartt® The ammonia-intercalated dopegy@s
lerides, exhibit distinct properties such like high- @ surgable system to study details of the interbaailV
superconductivity and higli; ferromagnetisnt.High photo- ~ COUPlings.
conductivity may be useful for the industrial use. Some pro-
posals have been made to use the molecule as a molecular Il. THE eMV MODEL
device such as a molecular actuator, which may promote
applications of the molecule in nanotechnology as well as it?_|
cousin carbon nanotube.

We start our model theory with the following molecular
amiltonian:

The superconductivity observed in dopeg,(as at- 2
tracted much attention from the first discovery because of its = L +V(q)+ f at(rph(ry;ga(r,)dr,
highest critical temperature among organic superconductors. M
Characteristics of this material are the narrow bandwidth ow- 1 e?
ing to the large intermolecular separation and the overlap- + Ef f aT(rl)aT(rz)r—lza(rz)a(r1)dr1dr2, D

ping bands crossing the Fermi levet, which comes from

the degeneracy of thg,, lowest unoccupied molecular orbit- whereq, p, andM are normal coordinates of molecular vi-

, -3
als(lr_]UM? s) of the moltlecultlel. o i bration, nuclear momentum, and nuclear mass, respectively.
The electron-intramolecular-vibratioreqMV) couplings 1o yariablesr, andr, denote the coordinate of electrons

have turned out to play the most important role in the mechag, ., ing the spin variablesi(r,:q) denotes the one-body
nism of superconductivity in this family of materials. This term of electrons and?/r, denotes the Coulomb repulsion

colncllust!on was (Ianf?rced bty agreergen_ts betwee_n th?oretlc tween them. The annihilation operagdr ;) is defined by
calculations, inelastic neutron scattering experiments, an (r)=3,4;(r1:q)c;, wherec; is annihilation operator of

th’]aman s_peqtrdoscoglcbexp(zlrlm_ents on t(;‘e mh%de spf)emfrl]cny lectrons defined on the orthonormalized molecular orbital
€ camerinduce roadenings and snhis ‘ot p ononwj_ In the BO approximationys depends on g parametri-

A4-7 : . L
bandé The_ mt_erband&MV coupling constant originat .cally. As nuclei and electrons are independent particles, the
ing from the kinetic energy exchange between molecular vi;

brations and electrons beyond the Born-OppenheifBe) following commutation relation should be satisfied:
approximation and the standard intraband HolsteilV _o 5
coupling constjlgz3 have been estimated and were found to be [p.a]=0. @
relatively large.™ Moreovgr, the Ta“o betwe.ef‘ the phonon On the other handp and c; do not commute in the BO
frequency and the bandwidth/W is not negligible. Vertex AR !

: . N . approximation:
corrections beyond the Migdal approximation are not negli-
gible in this systeni.We have to take into account all of

these features. 1 E i )
. [p.cj]=—i2 i
Recently much progress has been made on the experimen- T \dq

¢i> Ci. ©)
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This noncommutation relation makes calculations difficult.with the e-MV problem in multiband systems. On the basis
This difficulty was removed by introducing the following of the previous arguments, dopeg,@ay be best described

function1*

X(ry,rp)= 2 wk(u)«/fk(rz) (4)

and the recoil momentum operator

wz—if f a’(r))X(rq,ry)a(ry)dridr,. (5)

With the help of relations

Jd
f X(rlar2)'r//k(r2)dr2:%l/’k(rl)a (6a)

J
f ¢§(r1)x(r1'r2)dr1:_%ch(rz), (6b)

we found the following relation is satisfied:
[m.ci1=[p.ci]. (7)
If we define new nuclear momentumby
P=p—m, (8
then we observe that

[P,c;]=0. 9)

The commutation relation betweéhand g is satisfied too.

by the following model Hamiltonian proposed befdre:
H=Hy+Hq, (113

Hi=Hy1+Hyo, (11b

1
HO_E €|n|+2 E t|m ||U_C|m0.+2| a)|<b|‘rb|+§

+u11+ul;, o (110
Hu=2in 2. gini(by+by), (11
H12=<i2j> I};, {ikfcl,cioi(b—b))+H.c}, (118
U= S vl a

03 S ufinin, 19

1#] |

wherec! , andb/ are creation operators of electrons with
spin on thelth site of theith band and of molecular vibra-

Now we have a set of canonical variables that has desirablonal bosons on théth site, respectivelye|, tj,, g|, and
communication relations. If we use the new nuclear momens! are the site energy of thi¢h band, the transfer integral of

tum P, the molecular Hamiltonian given by E) is refor-
mulated as follows:**

P2
H= 3 FV@+ 2 (ilhlg)clc,
1
+= > ([il]jk]—{il[jk}clcfeee
2 {®i !

+5 E < w.>cc,|ﬁ(b b")
EEMERNNLIVS

(102
e2
[ijlkl]=f f iﬂf(fl)lﬂj(fl)r—ulﬁﬁ(fz)¢|(fz)dfldfz,
(10b)

> (109

{ij|kl}=< mm><%w

theith band, the intrabanetMV coupling constant of théth
band and the interbar@iMV coupling constant between the
ith and thejth bands, respectivelyd,; andH, are the in-
traband and the interbareMV couplings® U;; andU, are

the intraband and the interband Coulomb repulsions, respec-
tively. H is the perturbation in oue-MV model.

IIl. CORRECTIONS TO THE MIGDAL APPROXIMATION
FOR THE INTRABAND AND INTERBAND
e—MV COUPLINGS

We start our perturbation calculations with the Dyson
equation for the normal and the anomalous Green
functions?®

G(p)=G(p)+GO(p)S\(p)G(p)
—GO(p)I«(p)F(p), (12)

F<p>=G<°><p>is<p>G<—p>+G<°><p>iN<p>F<p>.(13

G and G are full and the noninteracting single-particle

whereQ is the mass-weighted normal coordinate defined by?o'™Mal Green functions andly is its self-energyF is the
Q= \/—q and o is the molecular vibrational frequency. anomalous Green function aﬁ‘ds is its self-energyp is the
Equation (10) is the most convenient Hamiltonian to start four-dimensional momenturp= (i w,, p), wherei w,, is the
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closely below the superconducting critical temperatlige  SUM of the polarization and the two cross diagrams:

such that®
VS,n(prk):2Vb(p_k)Pn(pak)+Cln(pvk)+CZn(pak)-
F(p)=G(—p)Ss(P)G(p). (14 - o 0

The self-energy for the anomalous Green function is therF.”(p’k) is the interband contribution from the polarization
given by diagram,

S4p)=S VpkGL(KG(—kS k), (15 Pn<p,k>=§ Va(p—)Go(a—p+k)Gy(q),  (2D)

k
where the potential for the Cooper paig may be given as  @1d Ciq(p,k) and Can(p,k) are the two distinct interband
follows: contributions from the cross diagrams,
Vs(p,k) =Vsa(p,k) +Vsa(p.K). (16)

Cun(P,K) =2 Va(P—a)Va(q—K)G2(4)Go( ),
Vs, andVg,, are the intraband and the interband contribu- 9
tions to the potential. We also assume for simplicity that the
number of overlapping bands close to the Fermi level is two.
To simplify our argument further, only the potential for the CZn(p,k)ZE Vo(P—q)Va(g—K)G2(q)G,(q—p—k).
Cooper pair in the band 1 will be discussed hereaf&yr. q

denotes the normal Green function for band 1. The intraband (23
contribution to the potential may be given as a sum of th
polarization and the cross diagrafis:

(22

€To derive working formulas, we substitute the noninteracting
electron Green functionG(?(k)=1/iw,— €(K)], where
Vsa(P,K)=Va(p—K){1+2P4(p,k)}+Ca(p,k). (17) ei(IZ) denotes the band dispersion of fltle band in place of
P.(p,k) is the intraband contribution from the polarization the full (/3reen fupctgr(zsl. The ,bare potent,|als areeg|v§n by
diagram, Va(k=K') = 91(K=K')?D(k—K'), Vp(k—K’) = g3(K~K')
X ga(k—k")D(k—k"), Vo(k—k') = k(k—K)(—1)D(k—K),
P.p,K)=2 Va(p—q)G1(q—p+k)Gy(q), (18  Where D(q) is the &phonon 9Green functionD(q) =
a —w§/(w5+ w}) andg;(q) andx(q) are the intrabané-MV
and C,(p,k) is that from the cross diagram, coupling constant of théth band and the interbangtMV
coupling constant, respectively. The summation over the

four-dimensional momentum should be read 2ag=
Ca(p’k)zzq Va(P=@)Va(4=k)G1(a)Ga(a—p—k). —(1B)=,, Sk The intraband contribution®,(p,k) and

(19 C.(p,k) are now given as follows:

P.(p.k)= % > 0:(p—)? [nF(fl(El))"‘nB(—wo) B Ne(e1(q)) +Ng(wo)

1
N“T e(q)—e(q—p+K) —i(wp—w) |  e(q) —iwp+wg €1(q) —iwp— g

_ Ne(er(d=p+K) +ng(— wp) +nF<el<a—|5+IZ>>+nB<wo>] 24
61(5_5+E)_iwk+wo 61(5_5+E)_iwk_wo ,
and
C.(p k):w—g 2wotiwptiog iz 9:(p—a)2g;(q—k)? [ Mne(€1(Q)) + a1ng(wo)
T2 (0p— 0P+ 40i NG €(@)— e(@-p—K) —i(wpt o) [ [e(q) —iwp— woll€1(q) —iwg— wo]
B MnF(fl(a))+31nB(_wo) B Kan(fl(a_ﬁ_lz))‘Faan(wo)
[e1(q) —iwp+ woll€x(@) —iw+wo]  [€(d—P—K)+iwp— woll€2(q—p—K) +iw— wg]
Nong(eq(q— 5"2))‘*',32”3(_0’0) ] (25
[e2(q—p—K) +iwp+wolle2(q—p—K) +iwg+ wol ]
where
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26,(Q) +Hiwp+iwg

46 (@)t (ogtwg? 20pTioptio
_ 4w§+(wp—wk)2 ZEl(a—ﬁ—IZ)—iwp—iwk
461(5—5—|2)2+(wp+wk)2 2wotiw, iy
_—261(a)+iwp+ia)k _—ZGl(ﬁ—ﬁ—E)—iwp_iwk
N 20ptiwptiog T “PTT 2wptiop iy
261(&>+4w0_iwp_iwk 251(q p k)+4wo+lw +Iwk

- 2wgtioptiog ' 2=

2wotiwytiwg (26)

ng and ng denote fermionic and bosonic distribution functions, respectively. The interband contrib@&jgpsk) and

Con(p,k) are given simply by replacing, and ¢; by « and

€, in Egs. (24), (25), and (26), respectively. The interband

contribution to the cross diagra®,,(p,k) is given as follows:

“)0 2wotiwptio 1

k(p—Qq)2k

(q- mNe(€2(q)) + ¢1ng(wo)

CinlpK)=—F ————
" 4 (wp— ) +4w(2)N q

72Nel — €2(0) 1+ {oNg(wo)

€2(q)

)2[
[e2(q)— woll €2(q)—

72NE(— €5(0)) + v1ng(— wo)

fw,— i w— wg]

[ex(@)+iwp+ wollea(q) +iw+ wo]

B mnp(ez(ﬁ)H voNg(— wg)
[e2(q)—iwp+ wol[ €x(q) —

i wk-l- (l)o]
where

4w(2)+(wp—wk)2 262(a)+iwp+ i oy

|

2
4ogt(wp— wy)?

[e2(q) +iwp— woll €2(q) +iw,— wo]

(27)

—2€,(q) +iwptiwg 2ex(q)—iwp—i oy

m=

1=

452(5)2+(wp+wk)2 2wotioptiog ' _462(5)2+(wp+wk)2 2wotiw,tiog 2wotiwptiog '
_—ZEl(a)—iwp—iwk _262((3)—4w0+iwp+iwk _—261(5)—4w0+iwp+iwk 08
2= 20otiwptiog it 2wotiwptioyg SRCE 2w tiwptiog (28)
[
1 is given by

EN<p>=§ Vn(p,K)Gy(K). (29)

Within the same approximation used in the previous argu-
ments, only the intrabane-MV coupling has contributions
to the potentiaVy(p,K):

Vn(p.K)=Va(p—K){1+Py(p,K)}.

The momentum integration in ER9) may be simplified as
follows:

(30

_— d3k Vn(p,k)
EN(""D)_ TEK f (Zw)siwk_fk_iN(iwk)
W/2 (Vn(p.k))
=—TNo 2, J W ToZlog—c &Y

Sn(ion)=x(ioy) +io[1-Z(io,)]=io[1-Z(io,)],
(32)

and that the band structure is approximated by a box-shaped
density of statesW is the bandwidth and the density of state
takes a constant nonzero valtgy only within the energy
interval —W/2<e<W/2. (Vy(p,k)) is the potential aver-
aged over the Fermi surface:

d3p d3k
(2m)° (2m)®

f d3p  d3k
(33

(2m)* (2m)°
Justifications to these simplifications were discussed in Ref.
16. Using these simplifications, we have the following ex-
pression of the renormalization factor;

5 0(€p) 6(e) V(P k)

<VN(p!k)> =

o(€p) o( &)
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2

2NT ) wy ®
Z(iwp)=1— > (Un(iwp i@)) 7 U* (iwp i wy) = U* ——————— 36
P wp oy NU TR |y (1w oy (a)p—wk)z-i-a%, (39
in the gap equation
Xarctan o——=-+———¢( - 34
r{2|wkZ(lwk)|} ( ) . . . .
The momentum integration in E¢L5) may also be approxi- Allwp)Z(iwp)= _ZNOTC%‘ (Vs(iwp i
mated as follows; .
LU (g i) 20
< ¢k Ve(pk) CP R
Soiwp)=-TcX 3 =
k (277) |wk—ek—2N(|wk) r{ W }
Xarctaln =——=—¢ . (37)
is(iwk) 2|(0kZ(|(x)k)|
X o =S (] )’ The pseudo-Coulomb potentidl* is derived by introducing
To— €= 2n(— oy two different frequency cutoffs into an equation to obtain the
Aliwy) Coulomb self-energy. The cutoffs have the energy scales of
~—2N,T.>, <V5(iwp,iwk))ﬁ valence electrons and phonoiWs¥,and w,, respectivelyU*
ok @k is derived such that
w
NoU
X arctar{ —] , (35 * _ 0
2| Z(i wy) NoU™ =17 NoUIN{W/ wg} (38

whereA(iwn)=§(iwn)/Z(iwn) is the superconducting or- Appreciable renormalization of Coulomb potential is ex-
der parameter. Equatiott84) and(35) form the coupled gap pected ifW> w,. Rigorous estimation of the Coulomb effect
equations, which correspond to the Eliashberg equation if wes difficult, because the derivation used to obtain E2B)
neglect our corrections to the Migdal approximation. In theadopts lot of working hypotheses that neglect possibilities of
theory of superconductivity, most of the Coulomb repulsionCoulomb enhancement of the superconducting temperature.
effects are supposed to be renormalized into the band struwvhile u* =NyU* of K3Cqq is estimated to be fairly small
ture and the residual Coulomb repulsion effect is taken intqu* ~0.4) within the random phase approximatitRPA),3
account in the gap equatidhWe simplify our argument by it may be enhanced close to the antiferromagnetic phase of
settingu!=U4;;, whereU is the intraband residual Cou- NH3;K3Cg. Equations(34), (36), and (37) form the self-
lomb repulsion that should result from static screening pro<onsistent gap equations for the s-wave Cooper phir (
cesses. The retardation effect is taken into account by intro=0). For the d-wave channel, we replace the average
ducing the following pseudo-Coulomb potential, (Vs(iwp,iw) +U* (iwp,iwy)) by

d3p d3k
o
d®p d%k
| 2y

3(€p) A e){Vs(p,K) +U* (iwp,iwy)}

- 3
(Vs(ia)p,iwk)+U*(iwp,iwk)>|=%f_ e 'dg (2m) . (39

5(€p) O( )

energy; €(K)=—2t[cosk)+cosk)]—x and ey (K)
where §=arccosp-k/pk), =2, and (U* (iwp i @))1—2 = —0.2[cosky+cosk)]-u—Ae in two dimensions or
=0 because of the momentum independenc® bf €1(k) = —2t[cosky) +cosky) +cosr)]-u  and  ex(K)
= —0.2[ cosk,) +cosk,) +cosk,)]—u—Ae in three dimen-
sions. We take as a unit of energy and hente 1 through-
out this article. We fixed the chemical potentia+ 0.4. The

The corrections to the Migdal approximations for the in-band splitting energ € is a variable that simulates the ef-
traband and interbar@MV couplings derived in the preced- fect of lifting of the band degeneracy. The interbantfV
ing section were studied in the two and three dimensionscoupling constank(k—Kk") is proportional to the inverse of
The summations over were made numerically on dis- the band splitting energe except the region wherge
cretized momentum space points of 22828 or 128<128  <w.*>'®We assume that(k—k’)=0.09A€. The coupling
X 128 size. The two bands were supposed to have the sang@nstants of the intrabarelMV coupling for bands 1 and 2,
dispersion, but one of them is lifted by a constantg,(k—k’), g,(k—k’), were supposed to be constant with

IV. CORRECTIONS IN TWO AND THREE DIMENSIONS

014513-5



YOSHIHIRO ASAI PHYSICAL REVIEW B 68, 014513 (2003

-15- - 154

~ 1 | ] | |
e ./{ """"""""""" Mo v \y

W u B N
-2.5 / %0 \ 1 l/ \l
[ ] ; \ ]
V ] o P O\o\ i / \
s O/O O\O 2.5 [ ] O,@OOOQ!O ]
-30 S o V o '
/ AN
[ ] / \ [ ] S /o o\
o /N 5 o !

—-3.5 1

-1/
_// \\.

—u— Ae = inf

VR
q ==

o]
-35 /
—o— Ae = -0.1 o Pe)
-454 4 —m— Ae = inf
—0— Ae = -0.1
1 v 1 v 1 v 1 v 1 v 1 v 1 v —4_0_
0 30 60 90 120 150 180 o o
e 1 v 1 v 1 v 1 v 1 v 1 v 1
0 30 60 90 120 150 180
FIG. 1. The potential for the Cooper paits as a function of 0
0=arccos§-|2/pk) of the two-dimensional square lattice model. ) . )
The unit of energy is the transfer integrie1. The dotted line FIG. 2. The potential for the Cooper paits as a function of

denotes the bare potenti®,(p,k)~—2. The input and output 6#=arccosp-k/pk) of the three-dimensional cubic lattice model.
Matsubara frequencies are fixed to bg=0.02512 andw,=0.8, Notations and parameters are same as those in Fig. 1.
respectively. We take the molecular vibrational frequenscy

=0.8. The temperature and the chemical potentiallar®.008 and  \/¢+U* close to#=0 and == and a repulsion close to

#=0.4. Ae=inf denotesA e= . 6= /2 were observed whehe= in the both dimensions.

. This means that the potenti®k+U* is repulsive when the
the value 2.0. We took the frequency of the molecular vibra- > - .
. - input and the output momentaandk are orthogonal but is
tion as wy=0.8. All these parameter values were used

throughout this article. We plot the potentid(p,k) as a a-ttractive whenp and k are parallel or antiparallel. In the

function of §=arccosp-k/pk). The input and output mo- single-band casele=¢, the symmetry of superconductiv-
- . i ity should be anisotropit® On the other hand, it is isotropic

mentap andk were then taken as variables. The results ofyhen the two bands overlap each other closaly=—0.1.

the two-dimensional square lattice and the three-dimensionagl,e potentiaNs+U* in this case is attractive everywhere.
cubic lattice were plotted in Figs. 1 and 2, respectively. Therpe results may indicate that the symmetry of the supercon-
temperaturel was chosen to be 0.008. The Matsubara fre-yyctivity changes as the degeneracy of the bands is lifted.
quenciesw, and w, of the input and the output four dimen- ¢ change is solely due to the interbaaV coupling,
sional momentum used to obtain the data to draw Figs. 1 angacause only the interbaeeMV coupling constant is depen-
2 were supposed to be 0.02512 and 0.8, respectibdifie _dent on the degeneracy in our model. While the intraband
dotted line in Figs. 1 and 2 denotes the bare potentiab My coupling brings about the anisotropic pairing potential,
Va(p,K)~ —2 without the correction. Therefor®g approxi-  the interbande-MV coupling brings about the momentum-
mately below—2 denotes the attractive correction and thatindependent attractive interaction that reduces the effect of
approximately above-2 denotes the repulsive correction. Coulomb repulsion. Our theory provides a good reason why
The both are due to the corrections to the Migdal approxithe symmetry of the superconductivity in alkali-metal-doped
mations for the intraband and interbaedV couplings. In Cg, such as KCq, is sSwave in spite of the non-negligible
general, the potential's(p,k) may be expanded as follows: «/W ratio and large on-site Coulomb repulsion. This is be-
cause the large interbaredMV coupling due to the strong

Vs(p,k) +U* (i wp i wy) degeneracy of thé;, bands reduces the pseudo-Coulomb-
~Vo+U*(iw, i o)+ V[ co cog k repulsionU* and also the anisotropy of the potenti& , .
0 (Twop 1) +Va[cospy)cogy) To make it sure the previous arguments, we have solved
+cog py)cogky) + ycog p,)cogk,)], (40 the gap equation numerically. We have mapped the gap equa-

. . . . . tion onto the following linear equation:
wherey=0 in two dimensions ang'=1 in the three dimen- g d

sions. Here we assumg* (i, ,i w) =2 to simplify our ar-
gument. This corresponds 10" = 0.6 if the density of states F(T)A(iwp)=2 K(iwp,iw)A(ioy), (41)
at the Fermi level is 5 states/eV spin. A large attraction in oy
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where
] —n— d-wave
KGionion=— =2V o oy By
lwp,lw)=—5— lw,,lw T —A— =0,
PRI Z(iwp)[ay] VTSP TK —x— y"=0.75
e oaparal ] !
lw,,lwy))arctan s——=-— - o——©°
Pk 2o Z(iwy)|
4 T
—_— &
I'(T) is a monotonically decreasing function d&f and
I'(T,)=1, whereT, is the superconducting transition tem-
perature. Hencéd' (T)<1 whenT>T, andI'(T)>1 when 0.1 X”_X/X’X
T<T.. I'(T) is proportional to a magnitude of the supercon- ]
ducting correlation. The linear equation was solved —
iteratively® -030 -025 020 015 -010 -005
Ag
M(iw)*K(i i M (i
wE’wk AP (1wp)* K(iwp,i ) AT (i wy) FIG. 3. TheAe dependence of thewave and thel-wave su-
I‘(“)(T)z P , perconducting correlation$'(T). Closed squares, open circles,
2 |A(”)(iw )|2 open triangles, and crosses denote theave correlation, the
wy P swave correlation when we put the pseudo-Coulomb potential

(43 u*=0.3, theswave correlation whemu* =0.6, and thes-wave
correlation wherp* =0.75, respectively. The temperature was set
D 1 _ _ _ asT=0.01.
AN+ )(pr)zl"(T(T);k K(iwp,iw)A(iwy). (44)
o tron correlation effects, we may have to introduce a momen-
H : n . e 7
Usually, after several iterationd;'™(T) converges to the {,m cutoff q. for the eMV coupling constantg,(k—K’)

largest eigenvalue df, which should be equal t6(T). The — 9,16(C— |IZ—IZ7|). 4. is parameter other thakie that may

numerical code to obtain the solution of the gap equationcomrOI the svmmetry of the superconductivity. Snalima
includes quadruple do loops for the momentum and the frefncor orate guch str)c/)n eIectrgn correlationyéffer(r:ut% hgnom-
guency variables. Using a large number of momentum space P 9 P

o . enologically and have not been discussed here explicitly. Our
pointing down to low temperatur&/wy~0.001 is not so . X : o
. ; . . theory predicts that the anisotropic superconductivity should
easy. We have studied the two-dimensional square lattic

. . Be observed in the case where the degeneracy of the bands is
model. We used the equally spaced-11D grid points for lifted. The predicted change of the pairing symmetry may be

g?%gﬁgg;glaln;rgg%ﬁtﬁ: Ii?]ttggrzgl]gTnergg(gl)s,p?gg)., Egg)fhreedbserved close to the phase boundary between antiferromag-
and (39) should be considered as those in two dimensions
We had made sure that the potentislls obtained by using
this smaller system size is comparable to that obtained b
using the larger (128 128) size. We found a small deviation
close tog= /2. TheAe dependence df (T) was calculated 204
and summarized in Fig. 3. We sé&0.01, Ny=10, andE '\
=0.5. We found that there is a critical value OAe| b\

=|A e beyond which thed-wave superconducting correla- L\
tion I'y_yave iS larger than thesswave correlationl e If 1.5 "
|A€| is smaller than the critical value, treewave pairing is g
more dominant. This transition is observed only whéh is
larger than a critical valu&? =4. The physical parameters
we used satisfy the relatidn} =5w. If we take the phonon
energy wo=200 cm ! and adopt the standard value of the
density of statedNy=5 states/eV spinu* =NyU*=0.6. \-\
This is somewhat larger than that expected y§Clg, but it 1 s-wave, =06, A:=-0.08

may not be impossible that the value is realized in the family . . . ,
of NH3K;Cq fullerides. WhenAe|>|Ae.|, we get a finite 0.00 0.01 0.02 0.03 0.04
value of T, for the swave pairing even thougph* is large. T

This is shown in Fig. 4. Here we séte=—0.08 andu*

=0.6. It was argued that strong electron correlation effects FIG. 4. The temperature dependence of sheave correlation
suppress large momentum transfer scatterings of electrom{(T) when the pseudo-Coulomb-potential is giveny=0.6. We
phonon coupling origif®2° In the presence of strong elec- set the energy difference ase= —0.08.

netism and superconductivity in the NiK;Cg, family of ful-
lerides, where the symmetry reduction of the crystal is ex-
{/)ected to lift the band degeneracy abd is expected to
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have a favorable value. To test our theory such experimentsymmetry may be observed close to the boundary between
should be conducted to search the possible change of thiee antiferromagnetic phase and the superconducting phase
superconducting symmetry. of the NH;K5Cq, family of fullerides where lifting of band

To summarize, we have studied symmetry of the pairingdegeneracy due to the symmetry reduction of the crystal may
potential of the superconductivity in the multiband electron-be expected.
phonon model. Corrections to the Migdal approximations for
both the intraband and interbaeeMV couplings were stud-
ied. In the degenerate limit wher®e~0, the potential is
attractive everywhere such that isotropic pairing is expected. The author appreciates help from Professor Y. Ilwasa of
In the single-band limit oA e=, the potential is attractive Tohoku University for giving preprints prior to publication
for parallel or antiparallel alignment of electron momentum,and for discussions of experimental results. He is also thank-
but it is repulsive when the momentum is orthogonal. In thisful to Professor S. Suzuki for providing a preliminary result
case, we expect anisotropic pairing. The change of pairingf the band calculation.
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