
A major purpose of the
hnical Information Center is to
fide the broadest dissemination
sible of information, contained in
?s Research and Development
orts to business, industry, the
demic community, and federal,
e and local governments.,
Although portions of this report
not reproducible, it is being

e available in microfiche to
itate the availability of those
s of the document which are
)Ie.

2



LA”UR-W309

.

,

LOS Alamos MIIWIU Labwwv Ic op4rasM by IM Umwolly d CMofnta lot WIOW EtctN ~1 d Enorey untir conwti W.7405-EN&3e

LA-UR--87-3O9

DE87 006073

TITLE: LOW-TEMPEWTURE SPECIFIC HEAT OF UBe13

AUTHOR(S): R. A. Fisherp S. E. Lacy, C. Marcenat, J. A. Olsen,
N. E. Phillips; Lawrence Berkeley Laboratory, Berkeley, CA

Z. Fisk, P-10; A. L. Giorgi, MST-5; J. L. Smith, CMS

G. R. Stewart, University of Flcridap Gainsvi?.le, FL

SUBMITTED TO: Fifth International Conference on Valence Fluctuations
January 5-9, 1987, Bengalore, India

DIS(:LAIMER

Thl#repw[ wg~prcpurcd mnn IIrcountof work ~pmwrcd hy unngcncyof the (Jnilal SIiIeS
(hwcrnmcni, Ncilhcr Ihc lJnit4S111tc#(i(lvernmcnt norunyqcnuy ~hcrcof, nurmryofihclr
cmployecn, mukc~ ~ny wnrrnnly, capre~or Impllcil, or umumcn nny legal Iluhilhy or rcqwmni-
hilily for the nwmrnuy, wmlplctcncm. or u.wfulnanrnofnny inrormtilinn, qparnlurn, prmluct,m
pmcwm diwloacd, {n :cprcuni~ Ihni iln uw would not infrlnRc privn[cly q)wrrcdrighln, Mcfcr-
cnw t,ercin III nny SFCCIIIUcmnmerciul prmlucl, prw~, or ncrvicc hy Irwlc nnmc, Irudcmnrh,
manurnclurcr, or ulhe~wiw dImS no: nccemnrily crnmtihnc w imply ils cndnrscmcnl, rcwm.

mcmhion, or [nvorinm hy ihc !Inikd SIHICS (hlvcrnmcnl or my nncrv:y Ihcrcd ‘l”he vkwn
und @rims IIr nuthorn cxprcscul herein du nol ncmmnrlly SIMIC or rcllKI thmc d the
I Jnilcd SdIcn (hwcrnmcnl or my ngcncy Ihcrcd,

LowwmnlosLos Alamos National Laborator
Los Alamos,New Mexico 8754 ~

hiljl IIIIINIJl Ill!{ III! I:IIMI NI IX IIN! Ihlll!ll

‘.,n )4)
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The apocific heatt (C) of the heavy-fermion superconductors, CeCu2Si2,
UPt3 ●nd UBe13, ahov significant sample-to-sample variation in both tha nor-
mal ●nd superconducting ststac (Cn and C., respectively). For some samples,
Ca/T @ O ●t T+. This hao bacn Intarprcted at evidence for gaplesa supercon-

ductivity [1-3], ●nd, in th~ cast of UPC3, ●s ●videnco of a gap over part of
th~ Fermi ourfaca [4], but could ●?co indicate simply that ooma of the matar-
ial rmainr normal. tlessurtrnants of C ● rt rcportad here for four polycryotal-
line samples of UBa 3 of differing quality,

\(Tc) ●nd width (6TC .
gauged by transition temparatur~

Thtra ia ● otrong correlation of C_/T ●t T-O with Tc
and 6TC. The data aloo givo som~ information on ●xtrapolation of Cn to T-O.

Fig. 1 ohovo C/T balow lK in magnatic fields (H) of O ●nd 7.5T. Cubic
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Fig, 1. C for fouI stmpleo of UBe~3 below lK.



spline fits of the H-O data for samples 3 and 4 are displayed near and be-
low ‘l’C. Above Te, 7.5T haa only a small effect on C; below Tc it suppresses
the transition at the lowest T investigated, 0.35K. The light dashed curves
represent probable values of ~lT at H-O. They are parallel to C/T at 7.5T,
but ah$fted by the small (barely perceptible) amount neceaaary to coincide
with C/T at H-O just ●bove T=. The dotted ●xtrapolations to T=O are by the 3-
term polynomials indicated in Fig. 1, with two coefficients chosen to force
a match to the dashed curve6 and the third chosen to give the same high-T en-
tropy ●s that derived from C~. Values of y derived by this process are given
in Table 1 for all four samples. Jest above Tc, Cn/T is nearly constant but
increases slowly with decreasing T. The ●xperimental data display a more
rapid f.ncrease below Tc, and a still more rapid increase is required below
0.35K (in the region of the extrapolation) to conserve ●ntrOPYo .

The heavy daahed vertical line for sample 2 is the Idealized, entropy-
conserving construction for ● sharp transition at Tc. (Similar constructions
for the othar ●amplea ●re omitted for clarity.) Table 1 lists values of Tc
and 6T=, the difference between Tc and T at the onset af superconductivity.

C, data ● t H-O for the four samples zre plotted in Fig. 2. From leaat-
squarea fitae the straight Iineu in the inser
samples is well represented by Cs = a.T + a T3~ ~;a~yee;i;;;~st;~ta? ‘or ●ll

1
aa. )

The pocitive deviation from this formlat lo&T for sample 4 has ● T- depend-
ence ●nd may reflect a contribution from Impurities. A small upturn of C/T
●t low-T for sample 2 1s oerhapa ●lso due to impurities, but the effect ia
too small to permit analyeis of the T depan ence.

-!
The solid curves in Fig. 2

represent ●lT + a3 ? plus theadditional T term for sample 4. The etrongly
sample dependent ●l correlate with Tc ●nd 6TC: For aamplea 2 and 4, with the
high~r Tc ●nd lower 6TC, ●l = O. W conclude that the linear term IS not an
intrinsic property of UBe13. The 2 dependence of C., which contrasts with
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Fig. 2. L(miting low temperature behavior of C for Uile13.



Table 1. Properties C aracterizing Fou
9and y in J/K ●mole; a

&UBe13 Samplea below Tc. Units: al 3
3 In JIK ●mole; C(lK) and S(lIC) in J/K*mole.

Samples 6TC(K) TC(K) y al a3 f~ r C(lK) S(lK)

2 0.03 0.89 1.31 0 3.82 1 2.4 0.789 0.904
4 0.07 0.89 1.40 0 4.00 1 2.1 0.790 0.891
3 0.11 0.84 1.34 0.06 4,?5 0.96 2.0 0.861 0.971
1 0.15 0.68 1.39 0.31 7.32 0.78 2.0 0.855 1.058

the BCS ●xponential dependence on T, has been observed previously for UBe13,
and haa been interpreted in terms of p-ave pairing [5]. Power laws in T for
C~ hava also been found for CeCu2Si2 and UPt3 and have been interpreted aa
arising from points or lines on the Fermi surface with zero gap [1-3]. In ad-
dition to the power law for C*, there la a new feature for samples 2 and 4 --
a small but significant departure from # behavior near O. SK, corresponding
approximately, especially for sample 2, to ● change in the value of a ,

1
This

efiect 1s alao present for a sample studied by the Darmatadt group [2 (Fig.
7b). The fact that the same effect is seen In three samples from two separate
sources, and in two laboratories with independent measuring techniques, dem-
onstrate that it 1. a real, intrinsic property of UBe13. (Samples 1 and 3
do not ●how thin “transition” region, perhaps becauee of a lowersd quallty.)
An intriguing possibility 10 that this feature 18 related to the second tran-
sition [61 in (U,Th)Be~3 that peraiste for UBe13.

BCS theory gives r z [(Ca-Cn)/Cn(Tc)] = 1.43. Taking “ideal” values of
C~-Cn (deriv@d from constructions like that for sample 2 in Fig. 1), r = 2.4
for ●ample 2, close to reported values [2,S] ●nd typical for strong coupling
superconductors. For sample 4, r - 2.1. For samples 1 ●nd 3, r < 2, but,
assuming the ●lT term in C_ 10 due to mdterial remaining normal, r would be
corrected to 2.0 for both. The supercondactinfl fraction of the ●ample ● t
T-O, f- !~ l-sl/y, and corrected valuee of r ● re given In Table 1.

Fig. 3 chows Cn/T vs. T from 1 to 20K for samples 1 ●nd 2 at T-O, ●nd
●ample 2 ●t 7.~K. In the region of the broad maximum In ~ (1-SK) the samples
differ somewhat, while ●bove SK, Cn is nearly the came for ●ach. Betwven 5
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Fig. 3. C ●nd S for UDQ13 at O and 7.5T to 20K.
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Fig, 4. Hc vs. Tc for UBe13 as measured by C in fielde to 7.5T.

and 20K, ~/T ham a weak T dependence with ● minimum near 12K. Stewart [1]
has reviewed measurements of C in this T-range. The insert shows the elect-
ronic entropy calculated by subtracting the entropy for ThBe13 [7].

Fig. 4 ehowr cubic spline fits of C/T ve. T fur @ample 2 fn fieldm to
7.5T. (Precision of the data is similar to that lr Fig. 1.) ‘Ie va. 1$ la
ehown in the ineert - Tc wao taken ●o T ●t the midpoint of the transition,
●nd these values of Tc ●re not ●qual to thoee in Table 1. Initially (8He/8Tc)
is -100T/K (St lesst) ●nd for higher H i. linear ●t -lOT/K. At T=O, H
●xtrapolates to 10T. fSimilar calorimetric reoulte have been reported 8].
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U.S. Department of Energy under Contract DE-AC03-76S~O098. Work ●t Loo
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