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Unconventional Cooper pairing in the superconducting state of UPgAl;
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Department of Physics, Graduate School of Science, Nagoya University, Nagoya 464-8602, Japan
(Received 20 March 2000; published 12 January 2001

A possible type of Cooper pairing in an anisotropic superconducting state ofAUPd discussed on the
basis of the recent measurement of magnetic exciton modes which are expected to mediate the pairing inter-
action. The most likely gap is one with; symmetry with the line node on the plane very close to the zone
boundary of the folded Brillouin zone in the antiferromagnetically ordered state.
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Recent neutron-scattering  experiments  regardingxchange coupling between the spins of quasiparticles and
UPd,AI3, following the paper by Satet al,* have provided  the local component of spins, ali{q, w) is the polarization
us crucial information regarding the type of Cooper pairingfunction of quasiparticle%®
of its unconventional _superconductmg state. In particular, Thus, the pairing interactioH ,,;, mediated by “spin fluc-
Bernhoeft suggested, in regard to the effect of the coherenggations” is given by, in the weak-coupling limit,
factor on neutron-scattering intensity, that the following an-

isotropic gap withA, symmetry may be realized in its super- Lz > t ot o
pic gap g3y y y P Hpairzz Z Vk,k’(o'aﬁ‘O'yls)agaa,ﬁya—k'éak’ﬁv

conducting staté: & oy
1 1 )
Agxcogk,c)— 5005(3sz)+ %Cos(Sch), (1)  where theV i is given by
Viir=—\x(k=K',0), (4)

wherec is the lattice constant in thedirection of the para-
magnetic state. We have _also shovyn independently us_ing &hd o denotes a vector spanned by the Pauli matrices. It is
more explicit model of this system’s magnetic excitations - - e
that the pairing may be mediated by the magentic exciton§0ted here thatd,s- o) = —3 for the even-parity“spin-
associated with crystal-field singlet ground state and that itsinglet”) pairings and §,.z-0,;)=1 for the odd-parity
symmetry may be also be that &f.** Recently, Hutret al. ~ (“spin-triplet”) pairings. While we here discuss the problem
showed, on the basis of a phenomenological form of spinin the weak-coupling language, it can be readily extended to
fluctuation spectrum, that the type of gap proposed by Bernthe strong-coupling formalism on which we have analyzed in
hoeft can be realized. Ref. 3 the data of tunneling experimént.

In this paper, we supplement the discussions on the type Since the zeros of~(g,) in the » plane gives the

Of COOpeI’ pairing eXpeCted in Ref 3 in Wh|Ch the Ol’igin Of dispersionw(a) Of the magnetic excitons and(a) has a
pairing interactiorV k. is attributed to the exchange of mag- minimum atd=(§oz(0 0mic) X(EI 0) has a maximum at

netic excitons which have an excitation threshold G G=0. Thus,— V¢ ;» atk—K'=0,. It is also noted that the

=(0,0.m/c), ¢ bgmg the lattice constantin thxad!rectmn N Brillouin zone for magnetism is the same as that in the para-
the paraﬁmagﬁnehc phflse, and which have considerable d'Sp?ﬁ'agnetic state while the Brillouin zone of the quasiparticles
sionw(Qo+q) alongg||c. Our discussion is based on a more s folded so that th& point (0,0,0 and the point (0,0/c)

explicit picture of heavy electrons in the antiferromagneti-are equivalent with each other. This is due to the periodicity

cally ordered state, relative to that described in Ref. 4. ; > 5A ; ; =
o ’ ; . + =

In the itinerant-localized duality model of heavy of J b_elng;J(q 2Qq)=J(q), wh_He th_ﬁlt C_Jf IT is TI(q

fermions? the itinerant quasiparticles interact with the local- * Qo) =11(d), as shown schematically in Fig. 1. Therefore,

ized component of spin degrees of freedom via exchanggue to theq dependence of exchange interactibny(q,0)
couplingh~O(Ty), T, being the characteristic energy scale may have minimum at aroungl=(0,0,0), and thu®/i ¢ at
of quasiparticles, although the basic physics behind this pick— k' = (0,0,0).

ture in U-based heavy fermiodscontaining pluralf elec- According to this argument, we can see that the strength
trons per U ion, is rather different from that in Ce-based oneg pairing interaction— 3V g,=3)\2X(I2—IZ’ 0), in the sin-

which contain nearly ond electron per Ce iofi.In this _ I
model, the dynamical susceptibiliby(é w) is given b glet channel, has a maximum &t-k'=(*.*, w/c) and a
' 4 0 4 minimum atk— Kk’ = (*,*,0). Therefore, it may be expanded

x 19, 0)=xo H@)—I(q)—\?11(q,0), (29 88

whereyq(w) is the local susceptibility.]((i) is the exchange — 3V =Va— V. cod(2n—1)(ko—k')c 5
interaction between the local component of spikss the kk 0 nzl nCO%( Jke—ke)el 6
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where EQE[§E+|AQ 2112 with the quasiparticle dispersion
&¢. It is noted that the “spin-triplet” pairing is difficult to

form because the factoo(,s- o) =1 in Eq.(3) causes the
dominant component of paring interactivi ;. given by Eq.
(5) to be repulsivé® However, it is not completely excluded
in principle that the triplet pairing is induced with use of
salient variation ol/,,’s, which are all positive, as discussed
in Ref. 11.
The constant component of gay is known to be small
s enough compared to the other component withl in gen-
0 we a 2mfe eral, as long as the paring interaction has strong on-site
repulsion®? This type of gap has line nodes on the plane very
FIG. 1. Schematicq, dependence ofi(q,), 11(q,,0), and near!<2.: m/2c, while its symmetry belongs téy due to a
¥(9,,0): Dashed line fod, dotted line forlI, and solid line fory. ~ SPeciality of the magnetic order of UpAl;. Namely, the
While g,= w/c is the zone boundary of the 1st Brillouin zone in the pounte_rpart of this pairing, in the system with a hyp(_)'ghetlcal
paramagnetic state, it is equivalent to thepoint in the antiferro- isotropic band, does not C‘?ffespond to thwave pairing,
magnetically ordered state as far as the quasiparticle dispersions ;,Pé‘t say to thed-wave one with a basis function such as

concerned. It is noted thdt(q,+ #/c,0)=11(q,,0). YO(R)= 5/1677(3@2— 1) ®)
2 - z ,

where V’s are some positive constants with weak depenwith some admixtures of §(k)=1/\2.

dence on k,—kg) and (k,—k;) in general which we denote  The gap of the typ6) vanishes on the plane very near

a *'s above. This is a generalization of the form of pairingthe zone boundark,= 7/2c of the magnetically ordered

interaction discussed in Ref. 10. state. This type of gap is approximately the same as that
With use of the addition theorem of trigonometric func- proposed by Bernhoéfiso as to explain the wave-number

tion, the terms of the right-hand side of Hg) are expressed dependence of the magnetic structure factor, and is also con-

in the form sistent with that proposed in Refs. 9 and 4.
In conclusion, we have discussed how the anisotropic su-
[cog mk,c)cogmkc)+sin(mk,c)sin(mk,c)], perconducting gap with, symmetry in UPgAl 5 is induced

by the pairing interaction through the exchanging magnetic
excitons which have been observed in inelestic neutron scat-
terings.

so that the superconducting gap in the “spin-singlet” chan-
nel can be expanded as
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with constantsA’s, because the gap is given by
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