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Coexistence of AF (T = 14.3 K) and SC (T ~ 2 K),
both of which are carried by 5f electrons.




Strong repulsive Coulomb interaction leads to (localized) magnetism.

Superconductivity needs an attractive interaction between quasiparticles.

Is the coexistence of AF and SC possible?

Typical example: RERhB, -~ -—---—-----— .
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Localized 4f electrons of RE are responsible for magnetism, and
s, p, d electrons carrying SC current have no amplitude on RE.



Outhine

1. Introduction
Magnetic & superconducting properties
2. Experimental results of inelastic neutron scattering
3. Model & analysis
(4. UN1HAlg)

5. Summary



¥ (emw/mole U)

0.020

0.015

0.010

0.005

0.000

Curie - Weiss Law

¥ Ll 1 i
110

T
—_— 1 |
.. F
L .. 3 T
2 ® &2 s

TN ...'o.
- s H//c-axis *e-

TR O ¢ 00 0000000000000 ORSPPNNRRBOR L O

0 100 200 300

T (K)

fmge @«n ISo'{'ronc. femp«?ra'fiwe CI‘RP en alencﬁ.

{
c rer 1od ‘g.«iﬁa{ A“{ ol

Iaujir.tl moment



Magnetization density in heavy-fermion UPdy Al 8907

x {107m*mole]
-
]

1o |
1.4

......... M_O'T
1.2 - ~-O— H=ST

Pigare L pC magoetlc soeceptibitity

varms mporatere 8¢ moaswed on the

0 16 20 30 40 80

T (K]

so0 smecrysisl as neod for (e matstron stadios
messured In applied Aclde of 5 T (O) and
GOL T (-=~-)

experiment. These susceptibility measorements were performed on the SQUID magnetometer
at the Centre d'Buxdes Nucléaires, Grenoble collecting 15 different temperatures from 5 to
50 K. Messurements of the suscoptibility at H s 0.01 T (performed at Sendai) are shown
also for this direction in figure 1. The susceptibility is slightly non-linear with field; for
example H = 0.01 T the maximum value is 2.2 x 10~ m® mal~!, whereas at 5 T we find

this has increased to 2.26 x 107 m* mol—!,

120

40

pf (107 /U atom]

° TR 1 B (1 A
0 0.1 0.20.2 0.4 0.60.60.70.8
sing/A [AY)

Figure 1. Magnetic scattaring emplitudes ss measored st
36 K in an spplied Aeld of 5 T and plotied verses {slnd)/)
sssuing that the wial respoasc is focmed st the nranium
sise. ‘The beost s 10 Une dipole approximation for U+ and
UM are shown as full and bold broken curves respeciively.
They are aimost indistinguishable. The broken curves
comespond 10 the functions (s) and (2} for UM+ ased
in the it (soe Freeman ef of (1976))

™ Q_‘r\lrz . B-wm %.n.crw

Projection

piane of the hexagonal UPdyAly structre. The
bigh values e assochaied with the density at the
wanium sites; ths wrows indicate the posidons of
the palladium sites. The » axis ks parallel to the
Itagonal o axis, and the y axis is pespendicular to
it



FIG. 1. 'Crystal structure of UPd,Al; (hexagonal, PiN,Aly
type). LargesphmatthecomersamUatomswnhﬂlcmagncnc
moments denoted by arrows, and they are surrounded by Pd atoms
in the hexagonal basal plane. Small spheres indicate Al atoms lo-

. catcd between the pla:n:s

(PrN12AI3 type, P6/mmm, a=5.37 A, c=4.18 A).
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Figare 6 Torml surfaces a1 in figure 5. The colours saown give the amount of 57 angular
momentym character ou exch sheet of ihe Fermi surface,

of the surface. We stress the distinction of the ++~ largest sheets of the FS: ‘party hat’ and
‘column’. The latter is an almost pure 5f sheet in contrast to the former which is formed
by strongly hybridized states. Again, the extent of the hybridization is very diftsrent in
different parts of the surface.

This result lends considerable weight to the assumption about different types of state
at the Fermi level made in [4, 5, 6). Since one of the experimental distinctions is the
snisotropy of the magnetic susceptibility we extend the comparison by calculating the
magnetic response of the bands forming different sheets of the FS to a magnetic field
applied, respectively, parallel to the y and the z axes (figure 1) as described in the previous
section. The value of the field is chosen so that ugh equals | mRyd. The results of
the calculation of the susceptibility are collected together in table 1. Note that in the
sbsence of the fieid the collinear antiferromagnetic structure leads to double degeneracy of
all energy bands and therefore of all sheets of the FS. The external magnetic field lowers
the symmetry and lifis the degeneracy of the bands. As a result, the two degenerate bands
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Magnetism

carried by 5f electrons of uranium ions

Key point

two-component nature of 5f electrons

localized vs itinerant

[Z
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Superconductivity (SC):
Itinerant component of 5f electrons
forms Fermi liquids with the heavy effective cyclotron mass,

and condenses into SC.

Key point:

5f electrons are responsible for both AF and SC.

Correlation between AF and SC ?

Does AF destroy or assist SC ?
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Magnetic fluctuations and the superconducting transition in the
heavy-fermion material UPd,Al,

T. Petersen™™*, T.E. Mason*®, G. Aeppli, A.P. Ramirez®, E. Bucher®, R.N. Kleiman®

*Department of Soiid State Physics, Riso National Laboratory, 4000 Roskilde, Denmark
*Department of Phyvics. University of Toronto, Toronto, Ontario. M55 147 Canada
‘AT&T Bell Labs, 600 Mountain Ave.. Murray Hill NJ. USA

Abstract

Inelastic neutron scattering has been performed on single crystals of the heavy-fermion superconductor UPd,Aly. The
antiferromagnetically ordered state is characterized by an acoustic spin wave mode with no gap. The low-frequency
magnitude excitations are unaffected by the transition to a superconducting state despite coupling to the conduction
electrons as evidencsd by the significant damping. '
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pair breaking ;
1(g,) =X (1 - Ek+q)E (k) + Atk+q)Ak) ) 1- f(E(k+q) - f (E(k))
| k E(k+q)E(k) o - (E(k+q)+ E(k)) + il
coherence factor

where E(k)2 = &(k)2 + Ak)2 .

If ACg + Qo) =A(q), then the coherence factor is vanishing.

The existence of the low energy response implies

Alg+Qo)=-A(q).
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Superconductivity mediated
by spin fluctuations
in the heavy-fermion 9
compound UPd,Al; 8
M. Jourdan, M. Huth & H. Adrian
Institute of Physics, Johannes Gutenberg-University, 7
Staudingerweg 7, 55099 Mainz, Germany — 6 I
wn - . -
E 75 ; .
> 5 = -1
% . s 72 B ]
3 LLANER R
3r ‘ u 6.6 NS <.'-
2 i : 833 o;fa : 1.2 16 ]
1 ' -

PN N NP I B U PR S
-20-15-1.0-05 00 05 1.0 1.5 2.0
V(mv)

Fgure 4 Normaiized differential conductivity of a UPd,AI-AIG—Pb tunnel
Junction, Black trace, experimental results for 7 = 0.3 K. B =0.3T; grey trace, fit

to the Dynes formula with A = 235 weV, I’ = 35 peV (see text). Inset, spin-fluctus-
tion strong-coupling structures of UPdzAl; (same axis parameters as main plot).
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Neutron-scattering study of the magnetic response in the heavy-fermion superconductor UNi,Al;
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High-resolution neutron inelastic scattering has been used to probe the magnetic response in the heavy-
fermion superconductor UNi,Al;. Quasielastic scattering has been observed both below and above T, in the
vicinity of the incommensurale magnetic ordering vector Q;=(0.39,0,05). Features in the response are
similar to those reported recently for the isostructural compound UPd, Aly. However, in contrast to the situation
in UPd,Al,, no spectral gap has been observed in the dynamical susceptibility of UNi;Aly, even at the lowest

temperature of 0.2 K.
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FIG. 1. Upper panel: Temperature dependence of the ratio cIT
as measured on the crystal used in the neutron experiments. Lower
panel: Temperature dependence of the peak intensity at the antifer-
romagnetic Bragg peak Q,=(0.39,0,0.5). The arrows mark the
Néel (T} and superconducting (7';) temperatures.
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Summary

quasiparticles

itinerant part of Sf electrons

magnetic exiton

localized part of 5f electrons

Localized moments mediate SC pairing interacton.

(quasi-one-component?)

electrons 3He

phonons spin-fluctuations of 3He

two component one component

‘liquid3He ©
“High T, cuprates ?

al superconductor







