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Super conductivity

iInstability of the normal state===> Cooper-paiformation
W Ki Schrodingeequat. for 2 electrons with attratV (r, —r,)
— A\E — _ZwDe—z/(N(o)v)
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Taking retardation into accounEliashbergequations for I
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filled skutterudites

LaOs,Sb;, 1.=0.74K
PrOs,Shb,, T.=1.85K
T, symmetry , presumable isotropievavesuperconductivity
large jump irspecifichea : AC/TCQSOOmJ( mol K)
= Strong coupling
only difference  L&* has 4f while PP* has 4f? electrons

phonons are practically the same in both cases
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RE ions:  incomplete 4f shell, S coupling

Hund's rules == total J
PRt = J=4 O-fold degeneracy

split by CEF of neighborhood
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effect of CEF excitation®n superconductivity

(P.F, L. Hirst, A. Luther, Z. Phys. 1970)

Interactionswith cond. electrons
isotropic exchange H.,, =-2(g— 1) Jexz & 2Oap GsJ
kk'

| 5 5 1/2
anisotr. Coulomb scatt.  H,.=> ") |, [4—] Qz{yg‘ (J)ClogrCrarw + h.C}
kKk'c m=—2 T
time reversal symmetry H_,, NO ==  pair breaking
Hy Yes ===  pair forming

there is als@nisotropicexchange, total of 2(2L+1) interactions; usually tbminant
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PrOs,Sh,, : from inelast neutron scatt. experiments:

~100 K—— \I'Ef)(m)>:\/1— dz‘l_5< m)>+ dl_4< n)> cubic symm.

é m=+,0,-d=0.26

8K == I

I'; = I's = quadrupol. (weak dispersion)
OK—— T, I''—1, = magnetic

= (Uadrup. scatdominant === pair formation

bosonic propagator quadrupolar susceptibility N
) » 20tanhy /2T 0
for atwo-levelsystem K(a)):|M| 77 i .

solution ofEliashbergequations:

LaOs,Shy, : phonon og=26 meV ,p"=0.1 A, =033== T1=0.74K
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A=A+ A4,

*

m
adjusted AT.,=1.11K and —~ 2.5 dHVA
mb

coupling constantagree with the ones estimated from the dispersion ofhttugeticand
quadrupolaexcitons

explained nonlinear J[x) behaviour
linear m (x)/m (o) relation
2A /KT, = 5.4 (strong coupl.)

24! (a)

Lal-x I:)rx OS4 SblZ : g2.0t

5

=16

= 12l 4 exp.data |

0.0 0.2 0.4 06 0.8 1.0 0.0 02 04 0608 10
X

Pr (Os, Ru), Sb,, : CEF sphitting increasewith X

= T_decreasem agreement with experiment



602a

UPd,Al,

SC with T=1.8K  AF with [,=143K Q= [o,o,’—T]
C

heavy guasiparticles : CvF ; y=0.12 J/mol R

from LDA : n: 2.5 —— 50% 5 and 50 % 5f
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Dual Moddl of 5f electrons

(G. Zwicknagl, A. Yaresko, P,/22002)

consider 5t : j=5/2 combinedto J=4,2,0

UJZZ_ UJ:4: 1.1 eV qzo' UJ:4: 2.8 eV
= AU>t
53 == 52 : f2 must be able to form J = 4H(ndsrule) state
=== SOMe of the hybridization matrix element renormalzéoo

=== electrons in some orbitals remdacalized

can be studied by microscopic model calculations
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Multiplet structureof 5f° system:

only electronsin|j, =+3/2)  are delocalizet,, andt,,, renormalized to zero
6 states from |j, =+5/2) and|j, =+1/2)

6 X 6 matrix: doubly degenerate ground state with=+3, J= ¢

CEF lifts degeneracy === |[,) and|l,)

r) r.)=75(+3+-3)
0
ry —- ) =5(1+3-1-3)

couplingof |F,) === |[,) excitations via conduction electrons

=) Magnetic excitons



Magnetic excitations:

Hee =0 [T (M (intra-atomic excit.)
i I J
plus Interaction J(i)); D ) °
| %
plus coupling ta 1SRKKY J(0.)
—o—‘r3> ——
AN
‘ induced AF: Q=(0,0, 1/2)
: 0 \ AN\ | approxim.:  w-(q) = a)ex[1+,8 cos(cq }

w =5meV , B=0.¢

when averaged over,q,
exp: A. Mason + G. Aeppli

theory: P. Thalmeier
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superconductivity dueto intra-atomic excitations

boson : K(q,,w)= o . | = coupl. const. cond. electrons
2 @ —w with CEF states

search for solutiong\(q,)

@, = @, |1+ Scoscq]

solution ofEliashbergequations

A(p)=Acos cp) or A(p):% sifl cp

discard

—

anisotropic thermal conduct. in applied field

& - —> nodal structure

(Watanabe et 3.
type-II
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State
eV-uc

with 1=0.16 eV and N(B U1 — 3K

scattering of conduct. electrons: notime reversal symmetry
—> nos-wave superconduct.

but: if A(p) changes sigpairing is possible

. . m 0%
althe same time: m /m, =~ 1C from —= 1__w|
rnb 8 w=0
m* (exp) m* (theory)
Z 65 59.6 no adjustable parameter
y 33 31.9
B 19 25.1
€2 18 17.4
€3 12 134
a 5.7 9.6

theory: G. Zwicknag| exp.: Inada et al(1999)



Intensity (counts)

Magnetic resonancean be understood too!
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Conclusions

e intra-atomic low energy excitations (CEF) can result in

Cooper pairing

* in the filled skutterudite PrQS8b,, quadrupolar excitations

contribute more thar 50 %to Coope-pairformatior

e in UPdAI; superconductivity, the magnet. resonance below T
and the strong anisotropic mass enhancements can be

explained well within thédual Model



