
ANL/PPRNT—89-112

DE89 008435

ANISOTROPY OF TRANSVERSE SOUND IN THE HEAVY FERMION SUPERCONDUCTOR UPt *

**B. S. Shlvaram, Y. H. Jeong, T. F. Rosenbauu

The James Franck Institute and the Department of Physics
The University of Chicago, Chicago, Illinois 60637

and

D. 6. Hinks

Materials Science and Technology Division
Argonne National Laboratory, Argonne, Illinois 60439

March 1986

jn»g

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
Govcrnmen,. Neither the Uni.ed States Governmen. nor any a g e n ^ thereof ^
employees, makes any warranty, express or implied, or assume any legal Habi^y
htay for the accuracy, completeness, or usefulness of any information
process d.sclosed. or represents that its use would not infringe privately
ence herem to any specific commercial product, process, or senJce by tr
manu facUlrer, o r ^ ^ does no, necessarily constitute or m & t o t £ Z
mendation, or h u m by the Uni.ed States Government or any agency thereof.

United States Government or any agency thereof.

Work supported by the U . S . Department o f Energy, BES-Materials S c i e n c e s
^under Contract #W-31-109-ENG-38. acxences,

Alfred P. Sloan Research Fellow.
Ttw submitted manu&cfipt hK been *uthof«d
by • contf»ctor of the U. S- Govarnmeni
und»r contract Mo. W 31 -1D* tNG-38.
Accordingly, the U. S. Government relaini a
nonexclusive, foy*Uy-fr*« license to pwbtuh
or raproduce the published form ol ttiii
contftbution, or Htlow others io do so, for
U . S. Government purposes.

DIS"SRIBi?f?CJi Cf TBjX
a
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We report the first measurements of the attenuation of ultrasound in

the basal plane of superconducting UPtj. Transverse sound propagating along

the b-axls shows a marked anisotropy in its temperature dependence when the

polarization is rotated in and out of the basal plane. For polarization in

the basal plane the attenuation varies linearly with temperature down to 35 mK

and the slope scales as the square of the frequency. Our results appear to

indicate the presence of an additional attenuation mechanism when compared

with recent theories of anisotropic superconductors in the dirty limit.

•Alfred P. Sloan Research Fellow



Since the discovery of bulk superconductivity1 in UPt,, there has been

wide speculation that the Cooper pairs in this heavy rerralon compound are in

an odd-parity, spin-triplet state. Evidence cited for this assignment include

U ) the presence of a T^lnT term in the specific heat at low temperatures1,

(ii) the observed anisotropy of the upper critical field2 and (lit) the power

law behavior of the attenuation of longitudinal ultrasound^. At low

temperatures the ultrasonic attenuation is observed to follow a T 2 power law

which has-been attributed 4o an ABM type of order parameter t5, where the gap

has zeroes at points on the Fermi surface* For a polar state, where there are

zeroes at lines on the Fermi surface, Pethick and Pines5 have recently shown

that the ultrasonic attenuation should scale as T2ln2T which is experimentally

hard to distinguish from a T2 dependence. Furthermore, It is well known that

a T 2 dependence is also expected In gapless superconductors with singlet

pairing . Thus, the results from present ultrasonic experiments do not permit

one to unambiguously assign • particular structure to the gap in

superconducting UPt.. The situation Is further complicated by more recent

experiments7 where the attenuation of ultrasound Is claimed to be more

appropriately described by a T* rather than a T 2 power law.

All measurements to date of both longitudinal and transverse

ultrasound In superconducting UPt have been along the c-axis. However, it Is

useful to carry out the experiments along various crystal directions In order

to exploit the power of the ultrasonic method in exploring the anisotropy of

the energy gap. In this way, possible effects due to the topology of the

Fermi surface may be subtracted out. Furthermore, transverse ultrasound Is

expected to interact more selectively than longitudinal acoustic waves with

the electrons on the Fermi surface, thereby providing a more sensitive probe

of the energy gap anisotropy.0 It is even predicted that in the case of an



ABM type of order parameter there are special directions where the temperature

q it

dependence of the transverse ultrasonic attenuation scales as T or possibly

as T*\ No such special directions exist for the longitudinal case.

In this letter we report the measurements of transverse sound

propagating along the b-axls (In the basal plane) with the polarization, e,

both parallel and perpendicular to the basal plane. Contrary to previous

observations, we find a linear temperature dependence of the attenuation when

both q and e are In the bas'al plane. On the other hand, for e perpendicular

to the basal plane, our results are similar to the work reported

previously.3*'

Single crystals of UPtj were grown by the vertical float zone refining

method. After spark planing and annealing at 1200° C for forty hours, two

opposite faces of the samples were polished to optical flatness. 20 MHz AC-

cut quartz transducers bonded by Armstrong C-1 epoxy10 were used to propagate

and detect transverse ultrasound in the frequency range 20 MHz to 172 MHz. A

rf heterodyne spectrometer with a phase sensitive detector was used to measure

both the attenuation and the velocity at constant temperature.11 Pulse

voltages were less than 10 V peak-peak and with a repetition ra;e of 100 Hertz

did not cause any heating at the lowest temperatures. All measurements were

repeated at- three different power levels separated by more than an order of

magnitude and were found to yield the same results. The samples had a

Tc - 500mK with a 10* - 90S transition width of 50nK.

We show in Fig. (1) the change in attenuation, a, along the b-axls for

9*J MHz transverse sound with the polarization e|j a. Three important features

in the figure need to be emphasized. First, and most Important, the

attenuation at the lowest temperatures does not flatten off but continues to

change even below 50 mK. This has not been seen previously. Second, there is



no discontinuous change in the attenuation near T a3 observed in type-I

singlet superconductors. Third and last, there appears to be a maximum at a

temperature slightly below T .

The attenuation in Fig. (1) is well fit by a linear relation in

temperature. In Fig. (2) the slope of this linear fit is shown as a function

of the square of the frequency, f2. The solid line is a linear least squares

fit required to go through the origin. It is clear from this figure that our

measurements (even at the. lowest temperatures) are in the hydrodynatnic

limit,^»12 ql«1. This result is also consistent with the absence or a Jump

in the attenuation at Tc. in the presence of impurities the shielding of the

currents set up by the transverse sound due to the Met saner effect is washed

out. Similar effects have been seen in impure type-I superconductors.

We note here that the results shown in Fig. (1) represent the absolute

value of the electronic contribution to the attenuation. However, the

physical quantity of more fundamental Interest is the viscosity, n, of the

electrons and not the attenuation. These two quantities are related'3 by the

expression,

„

where u - 2*f, p Is the density of the solid and v the sound velocity. In

our experiments we measure both the attenuation and the time-of-flight

velocity simultaneously. Thus, we can evaluate the quantity avj which Is

proportional to the viscosity. This is shown in Fig. (3) for the case of the

two polarizations at f - 132 MHz. The measured values of the velocities for

the two cases are 2.1± 0.06x10* cm/s (e|ja) and 1.1+0.03x10^ cm/s (e||c). it

is immediately clear from Fig. (3) that the results for the two polarizations

match in the normal state but they are distinct in the superconducting phase.



When analysed In this fashion our results show that there Is an enhancement of

the attenuation for ejja over the values obtained In the superconducting state

for e||c.

A number of recent theories1*'5'1" have been put forth In order to

explain the ultrasonic attenuation in anisotroplc superconductors.

Calculations by Coppersmith and Kletam' show that for a polar state the

attenuation Indeed does depend linearly on temperature. But these

calculations are In the clean limit and should be Inapplicable here in view of

the results In Fig. (2). A theory by Pethick and Pines5 evaluates the

ultrasonic attenuation and viscosity in anisotroplc superconductors where the

dominant relaxation process Is by impurity scattering. Their results indicate

that in the weak coupling limit, where the phase shifts due to impurity

scattering are close to zero, the attenuation tends to a constant value. On

the other hand, phase shifts in heavy fermion systems are expected5 to be

close to v/2 in which case the attenuation no longer should be temperature

Independent. In this strong coupling limit, Pethickand Pines calculate that

the attenuation scales like T 2 for an ABM type of order parameter and like

T2ln2T for a polar type order parameter. Hence, there is a crossover from a

weak coupling to a strong coupling regime above a certain temperature T.. For

our results with e||c shown in Fig. (3) the attenuation is constant roughly

below T. - 150 mK..- Above this temperature our measurements are well described

by either a T2 or a T2ln2T power law. Alternatively, if we consider the

entire temperature range below T e we can fit our results to a T* power law

better than either a T 2 or a T2ln2T. Similar observations have been made by

MUller et. al in the case of longitudinal and transverse sound propagating

along the c-axis.7 In this sense our results for the case e||c agree with

their recent measurements, but are contrary to the T dependence found by



Bishop et. al.3

We have a completely new result, however, for the sample with e]]a

which we cannot understand within the framework of any of the aforementioned

theories. Both our samples were cut from the same single crystal and were

subjected to the same preparation procedures. That there are no differences

between the two samples except for the plane of polarization is clear from the

identical values of both Tc and the viscosity in the normal state (Fig. (3)).

Recent experiments by Midler et. al 1 5 In normal UPt_ also demonstrate the

insensitlvity of the transverse ultrasonic attenuation to the orientation of

the polarization.

It is unlikely that the different temperature dependences can be

modelled by assuming only an anisotroplc gap In the presence of nonmagnetic

impurities. None of the present theories consider the scattering of sound by

magnetic impurities or the spins which are confined to the basal plane. We

speculate that the observed anlsotropy is due to a coupling of sound to spin

fluctuations in the superconducting phase. A similar coupling would be

expected even in the normal phase, but in the absence of coherence between the

spins the effect could be small and unobaervable. Recent neutron scattering

experiments1^ have revealed the Importance of spin fluctuations and the Feral

liquid nature of th£ excitations In UPt_. He also note that neither the

experimentally - tfftarained values for thermal conductivity ^ nor specific

heat10 in the superconducting state are amenable to treatment by the

theoretical models**5*111 which we have considered above. It is possible that

the anomalous behavior of these thermal properties of UPt, below T may in

some way be related to the anomalous behavior of the ultrasonic attenuation.

In conclusion, we have performed the first measurements of ultrasonic

attenuation in the basal plane of superconducting UPt,. For transverse sound



with polarization parallel to the basal plans we find a linear temperature

dependence of the attenuation coefficient between 35 mK and U00 mK. On the

other hand, for polarization perpendicular to the basal plane our results are

consistent with previous work and can be understood within the framework of

available theories. Furthermore, ihe linear temperature dependence seems to

arise from an additional attenuating mechanism not present for the

perpendicular geometry. Thest facts\call for additional theoretical efforts

In understanding the propagation of sound In anlsotropic superconductors In

the dirty limit.
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Figure Captions

Fig. 1. Attenuation of transverse sound at 9s* MHz with qj|6 and e||a, as

measured from its extrapolated zero temperature value. The ac

susceptibility (right scale) is simultaneously oeasired through the

superconducting transition. Note the linear dependence of the

attenuation down to the lowest temperatures measured.

Fig. 2. The slope of the low temperature attenuation of Fig. t plotted

against the square of the frequency, indicating that our

measurements are in the hydrodynaniic regime.

Fig. 3. avj (proportional to the viscosity) vs. temperature at 132 MHz. The

values for the two polarizations are identical in the normal state,

but there Is an enhanced viscosity in the superconductor for e|ja.
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