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Specific heat measurements of samples pf JIh,Be, 5 utilizing extremely fine gradations afnearx.; and
Xc2, Where two superconducting phases are known to occurderx<x.,, were undertaken to study the
genesis of the second transition. Surprisingly, this precise delineatirrinathe critical regions of the phase
diagram has revealed a strong peaking of the discontinuity in the specificAl@at the superconducting
transition that varies rapidly witk as the two transition concentration regime is approached from either side
in the phase diagram. This was not seen in earlier pressure work. Correlated with the discovery of a sharp
increase iIMAC at T, at bothx.; andx,,, the present work observes also a sharp increase in the normal state
specific heaty at bothx.; andx,,, as well as peaks iAC/yT, at both critical concentrations. The implica-
tions for understanding the superconductivity ip UTh,Be,5 are discussed, including the possibility that the
second transition for x,;<X<X., is caused by the anomalous behavior ip=<N(0)(1+N\).
[S0163-182698)03746-1

INTRODUCTION netic field dependences of both transitions have been re-
ported forx=0.022(Ref. 11 andx=0.03(Ref. 12 with the
The discovery by Ott et al. of two distinct transitions in  common result that the slope of the upper critical field with
the specific heat of U ,ThBe;; ~0.02<x<~0.04, re- temperature neaf.(H=0), H,, is the same for both tran-
mains a focus of considerable interest due to the as yet umitions. At higher fields, Ref. 11 found that the upper transi-
known typés) of superconductivity involved. Several recent tion merges into the lower one. Consistent with the faee
review$*have quite thoroughly discussed the large body ofFig. 1) that T, grows with increasing>x., (¢ increasing
experimental and theoretical work carried out in trying toimpurities for the upper transition, while it falls for the
determine the following(1) Why does Th of all dopants lower transition, theorists generally consider the upper
produce a second, apparently superconducting, transition imansition to bes-wave superconductivityBCS) while the
U;_4ThBe;3 beginning atx~0.02? (2) What kind of su-  lower transition has been variou$ly described, including
perconductivity is involved at the two transitioné® Why  d-wave superconductivity. A recent doping stu@ywhere
does the second transition disappear with increasing Th conhe response of the two transitions to magnetic and unmag-
tent at abouk=0.04? netic (La, Gd doping of U, g;Thg oBe;3 was studied, found
Concerning the second question, current thinkiigolds  evidence that indeed the upper transition behaves similarly to
the superconducting transition for<x.; (~0.02 and the a conventionak-wave superconductor while the lower tran-
upper transition fox.; <x<X, (see Fig. 1 below for a plot sition does not. A further study of the temperature depen-
of T, vs x) to be different in nature since the suppression ofdence of the specific heat below the upper transition also
the two transitions with pressure différby more than a concluded that this transition was consistent witvave
factor of 2; in contrast, the same measurements establish&CS superconductivity.
that the superconducting transition e x.; has the same Experimental or theoretical insight into the other two ex-
pressure dependence as the lower transition ¥gr<x  tant questions for understanding UTh,Be;5, i.e., concern-
<X¢y. Further differences exist between the two transitionsng why Th produces these two transitions for
for Xo;<X<Xc,. At the lower(but not the upp@rtransition a X, <X<X¢, is mostly lacking. It has been remarked’
large peak in the ultrasound attenuatiche onset of a small that the peak in the resistivitg of UBej3 at 2.5 K shifts
(~103ug) magnetic moment measufedia uSR, an downward with Th doping such that the peakgrat x; is
increaséin the slope oH,; vs T (taken as an indication that just shifted toT.(x.;), “allowing,” not causing, other phase
the lower transition is, in addition to its coincidence with transitions to occur. The peak mat 2.5 K in UBg3 corre-
magnetic behavior, also superconduclingnd a large sponds to a peak in the specific h€adlso at 2.5 K, whereby
anomaly® in the thermal expansion are observed. The magthe peak inC can be more precisely followed as a function of
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1.0 brought together around 2 kbar. In that study, pressure was

U1-xTthe13 1 equated to decreasing Th contdiith expands the UBg
I lattice), i.e., electronic effectd.a and Pr also expand UBg
but generate no second transitiamere outside the scope of
the study. Thus, 0.1 kba#0.0002 Th content, such that the
double transition regime was suppressed ardamdequiva-
lent) x=0.018. Additionally, the size of the jump @ at T,
AC(T,), was found to decrease with increasing pressure.
] In order to further investigate the region neg@y, includ-
0 X e ing electronic effects, as well as to perform a detailed spe-
0 2 4 6 cific heat study neax., the current work presents specific
Th-concentration [at%] heat measurements of; U -Th,Be;; with very small steps
(Ax=0.0007) inx nearx.; andx.,. Samples were made as

FIG. 1. T, for U;_,Th,Be,; is plotted vsx, whereby forx.; -
<X<X¢, two transitions in the specific heat are observed. In addi-the work progressed based on the unfolding results so that

tion to the increased concentration of points nearandx.,, note the V'ery high p“”t}’_U and Be COUl,d be used as efficiently as
two main features of this diagram that are different than the diaposs[ble for Fhe critical concentrations. Thus, we report here
grams of Oft® and Heffneret al? (1) As shown here for high qual- ©N high purity samples of U,ThBe;;, x=0.01, 0.017,

ity, high purity samplesT, of the lower transition T.,) decreases 0.0178, 0.0185, 0.022, 0.043, 0.0455, 0.0465, 0.052.

significantly forx>x.,, before rising again as— x., whereby in
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the literature (Refs. 3, 13 T, is approximately constant2) EXPERIMENT
T.(Xc1) appears to be constant over a range of composition in the
single transition region as— x.; whereby forx—x.,, from above, As correctly stated in the specific heat under pressure

T. does not appear to have a region where it is constant. See a|%)(perimerﬁ by Zieve et al. on Uy g7gThg g2 B€13, Studying
the text and Figs. 3 and 4. The dashed line marked by “a questioghe vicinity of a critical point using composition of physical
mark” to the left ofx;, indicates a possible fourth transition, con- samples as gextremely fing control parameter is difficult.
sistent with thermodynamics—choics) in the text. In order to avoid, as much as possible, sample variation, the
. ] . . highest available purity starting materials—electrotransport
Th doping. A study® of this peak inC in U;_,ThBers  refined U from Ames Laboratory and 99.999% pure crystal-
found a suppression of the peak in temperature and also ifhe “MBE quality” Be from Atomergic (at $800/g—were
size with increasing, with the peak still clearly present at ysed. Samples were melted in a dedicated-for-Be-use arc
T~1.5K for x=0.02 and absent fox=0.03. Another melter under a purified Ar atmosphere. In order to precisely
Stud)}g of the peak inC as a function of Th content found the monitor any possib|e Th |OSSTh masses for a nominal U
peak still presentin size about 15% oAAC in pure UB&s)  charge of 400 mg were as low as 3.9 ywyring the first
for x=0.0245, contradicting theless precisp resistivity  melting of Th with other material, U and Th were first
data. The entropyS=[(C/T)dT] under the peak in pure melted together. Since both have low vapor pressures at their
UBey3 (0.7 J/mol K shifts downwards with increasingand  melting temperatureéin contrast to Bg any loss could be
appear¥ in the low temperaturey (=Comaf T, hereafter  controlled to 0.05 mg, or approximatelyxy,=0.0001. Al
C"/T, asT—0). Thusy for Uy ¢7Thy 3B€;3=2300 mJ/mol K meltings were done using the same procedures and per-
vs y=1000 mJ/mol K for pure UBgs.** formed by the same operator. After arc-melting the U and Th
In order to investigate the role of Th in;U,Th,Be;;, as  together three times, the resulting metal button was melted
well as to better understand the genesis of the double supetegether with 1.06 times the correct stoichiometric amount of
conducting transitions, an investigation of the specific heat irBe (to allow for Be weight lossand then flipped and re-
the closeneighborhood ok, (X¢,) where the second tran- melted two successive times. All samples were x rayed using
sition first appeargdisappearnshas the potential to reveal a Siemens D5000 diffractometer; the powder was mixed
new information. Data to dat&® for x=0.019, 0.0216, with Si powder to provide an internal reference. The cubic
0.0378, and 0.0433 reveal no trace of a separate transition &t _,Th,Be; 5 lattice parameters so obtained, including also
x=0.019 and 0.0433, and quite sizable double transitionslata forx=0.03, 0.038, and 0.10 from our previous work,
(AC,;~AC,) already existing atx=0.0216 and 0.0378. are shown in Fig. 2 and Table I. Negy,, for example, the
Thermodynamic consideratiorisdlemand either thaig) one  deviations from the linear Vegard's law lattice parameter be-
of the observed superconducting transitions at the criticahavior shown in Fig. 2 would indicate that the=0.043
points be first ordef? (b) if the transitions are second order, sample is reallk=0.042 and that thg=0.0465 sample has
a second, as yet unobsern@dsuperconducting transition the actual Th concentration=0.487. None of these possible
must exist forx just nearx;, but outside ok 1 <X<X,, (€ deviations either bring the composition of one sample—as
as Xx—X¢ from within xg;<X<Xxc, dT./dx=dT,/dx determined by lattice parameter—onto that of an adjacent
where T, is the transition temperature of the higher tem-composition or, as will be seen below, change any conclu-
perature, upper transition afnd., is the transition tempera- sions.

ture of the lower transitiofi‘tangential approachy, or (d) as Specific heat measuremeffté® were performed on 1-2

X— X, from within x 3 <x<X.,, eitherAC; or AC,—0. mg pieces of each sample taken from the top of the respec-
Until now, the only careful specific heat investigation tive arc-melted buttons. As an indicator of homogeneity, a

nearx, was a pressure experiméfor Uy g76Tho goBey3 (i.e.,  second sample ok=0.0455 was also measured from the

near x;;) up to 2.5 kbar where the two transitions were middle of the arc-melted button and gavA& 11% smaller
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FIG. 3. Specific heaC divided by temperaturdl vs T for
FIG. 2. Cubic lattice parameter vs Th concentration in U,_,ThBe; nearx.;. Note (1) the “pinning” of T, at approxi-
U, ,ThiBes. These data show that the monotonic fine-tuning Ofmately the same value for 0.0£%<0.0185 as remarked upon in
the nominal composition neat;; andxc; in fact succeeds in pro-  ig. 1, (2) the increaseof AC for x decreasing from 0.022, in
ducing monotonic variation in the actual resulting composition. contradiction to pressure resultgef. 6, and (3) the lack of any
Compositions used in the text are the nominal ones, due to thgcrease irC for T<0.4 K with decreasing below 0.022, again in
inherent scatter in the x-ray results. contradiction to the pressure induced transition observed in Ref. 6.
Also, note the increased normal st&t€T for x=0.0178 and 0.0185
and the samd& .. As will be seen below, such a variation vs that forx=0.017, as well as the broadened superconducting
also does not change any trends or conclusions. transitions for the former vs the latter. The slight anomaly at 0.34 K
in the C/T data forx=0.017 may be the thermodynamically posited
fourth phase transition shown as a dashed line to the leftoin
Fig. 1 and discussed in the text. Measurementxst®.0174 are
The specific heats divided by temperature of the sampleB/anned. The equal area construction metRéf. 26 for deter-
nearx., are shown in Fig. 3, while the data for the samplesmMining AC***'is shown here fox=0.01.
nearxg, are shown in Fig. 4. As may be seen, without re-
course to any optimizing of the jumps in the specific heaffor x=0.0172 vs a 74% difference ihC/T (see Table)lfor
using the equal area constructifithe size ofAC/T grows  thex=0.0178 E&x,;) data compared to the=0.0170 data
significantly and quite rapidly as a function Bfnear both  shown in Fig. 3. Also, as has been remarked?dsefore,
Xc1 andxg, . [For want of a more precise definition, let us for purity has been seen to play a roleAC, especially for the
the following definex.; (X.,) as the concentration where lower transition for x.,,<x<xX., where high purity
ACIT is a maximum as< approachegdepart$ the double  Ug4;Thy oBe;3 showed? a AC,~1.5 that observed in
transition regime, i.eX.;=0.0178 and.,=0.0455] samples with the purity in, e.g., Ref. 20. Thus, the fact that
Xc1- This peaking inAC/T effect was absent from the peaking inAC/T at x.; has not been previously observed
scanning of x.; using pressure, wheredecreasén AC/T ~ may also be partly due to the purity of the samples.
was seen scanning “downward” in composition from X¢2. Despite a much coarser delineationxim the previ-
=0.022 using pressure, and no other previous experimentsus combined low-temperature specific heat studies of
nearx.; combine to offer the fine scale on which Th concen-U, _,Th,Be;; nearx., [x=0.03781120.0433%° 0.052}* and
tration is varied here. Thus, previous ddtéor x=0.019  0.0603(Ref. 1) have been measurpdompared to that in the
show a peak irC/T within 3% in value of that measuri  present work, the peaking observedi€/T at x., in Fig. 4

RESULTS AND DISCUSSION

TABLE I. U;_,Th,Bejs.

x [at. % TH 0 1 1.7 178 185 2.2 3 3.8 4.3 455 465 5.2
T, [MK] 941 624 525 519 519 460 415 380
Ty [MK] 558 585 532 533

Tep (MK) 425 353 396 465

AC (mJ/molK) 1810 1250 940 1615 1635 2340 1425 895
AC; (mJ/mol Ky 510 840 765 115

AC, (mJ/mol Ky 810 620 660 1890

ACu/yeiTe?  2.65  2.06 1.8 273 290 084 124 134 020 438 272  1.88

S(Te) (MI/molK) 810 810 700 830 800 905 1105 1035 890 850 765 605
y* (mImol K¥) 725 970 990 1140 1085 1085 1160 1075 1080 1160 1260 1255

y (mJ/mol K2) 995 1630 1700 2060 2000 2610 2615 2820 2230 2535 2415 1935
Yrest (MI/Mol KB 100 350 450 415 365 400 600 700 430 300 715 650
a(hd) 10.2564 10.2573 10.2574 10.2576 10.2584 10.2588 10.2607 10.2610 10.2618 10.2620 10.2626

8All AC values are determined using the equal area construction mé®edd26.
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FIG. 4. Specific heat divided by temperature vs temperature for FIG. 5. The jump in the specific heat @, AC, determined
U, _xThBey3 X nearx.,. Note the shoulder above the lar§€ for  using the equal area constructitRef. 26 vs Th concentration in
x=0.043 which corresponds to the beginning of the presence of), _,ThBe,s. In the regionx,; <x<x., where there are two tran-
AC, in the double transition region of the phase diagram. Ac sussitions, AC, (squaresandAC, (circles as well as their sunfas-
ceptibility confirmsTZ"* for x=0.043 to be~0.56 K. This very  teriskg are plotted separately. It is clear thACT for x<X.;, as
small AC implies that, at least at.,, AC;—0. well as AC for x>X.,, peaks asx—Xx. from outside x.; <X

o ] ) ) <X¢2, serving as a harbinger of the second transition. Note that
atx=0.0455 was already qualitatively evident in the diSCoV-pc, .0 asx—x.,.

ery work! by Ottet al.In that workC ., /T for x=0.0378 for

AC, (a weak upper transition was still observableas 4.6  x=0.0195, x,; as similar tox., as regards the behavior
Jimol K, compared to 3.5 J/mol*for x=0.0331 in the  ohserved fox=0.043%" The early work of Ottet al. for
same work, 3.5 J/mol kfor x=0.0433 in Ref. Z(XVS 4.3 =0.0378, where a very |argAC2 had a Sma”ACl shoul-
J/mol K2 for x=0.043 and 5.1 \]/m0|kf0r Xx=0.0455 re- der, is—in terms of the results of the present work—
ported herg The ability in the present work to see the pre- seemingly equivalent to our=0.043 or possibly tdas yet

cise point in the phase diagraisee Fig. ] where the second ynmeasured x=0.041. This sample dependence, already
transition first occurdat x=0.043, see Fig. ¥shows how  commented on above for samples negrand discussed also
rapidly as a function ofx the behavior of Y_,Th,Be;s in Ref. 12, makes it clear that the intercomparison of high
changes neax, (which would, given the proper composi- quality samples—all prepared using the same starting mate-
tion, presumably also be the case fonearx.;). What the  rjals and preparation techniques—is absolutely necessary for
present work also observes far, which was not previously  exploring the critical behavior neag; andx.,. The changes
seen(also not in the present work at;) and which may opserved in the consistently made samples in the present
shed light on the nature of the superconducting critical pOintwork—aIthough startingly rapid at.; andx.,—all behave

is that the peak il C/T occursjust before(see Fig. 4, asX  monotonically withx. Further, the peaking behavior xC/T

appr(_)gches the regiar; <x<Xx., from above, the second at x, is mirrored atx.,, on the scale of things a great dis-
transition occurs ax=0.043. tance away in composition.

A question arises: is the peaking &AC/T at x., , due to
an as of yet not understood physical phenometpmssibly
linked to the genesis of the second transitionis it simply
that the second transition seen fQy <x<X., has the same If this large peaking iMAC/T at X, is due to an as of yet
T. at X¢; (Xe2) as the transition observed for<xg; (X unobserved phenomen@mhich would have implications for
>X¢») and that the sum of the twdC’s is large? In order to  the genesis of the second transitiothen unusual behavior
consider this question, consider the plot&o€ vs Th con-  at x.;, should be observed in other superconductagl
centration in Fig. 5. Away fromx., ,, i.e., for 0.02Zx normal state observable quantities. Conversely, the simple
=<0.038, one cannot extrapolate the siii; + AC, to come  melding together of two transitions at a commibpat X »
anywhere neal C(x.; ). As one approaches aq. from  to cause a largA C would not produce sharp changexat,
within (without) x¢;<x<X.,, however,AC, (AC) grows in the other superconducting and normal state properties.
enormously with a\x of only at most 0.00%0.0008, where  Specific heat measurements lend themselves to a determina-
the correct limiting value folAx for AC, is likely smaller tion of an important normal state paramejguroportional to
than 0.005 as would be revealed by further experiments fothe dressed density of statB§0)(1+\). In addition, spe-
x=0.0195 and 0.041. Thus, something unusual, directly irtific heat data allow the determination of an important mea-
the vicinity of x.; », appears to occur. sure of the strength of the coupling of the superconducting

Why the lower transitiodAC, grows so sharply—just as electrons, namelyAC/yT., equal to 1.43 for a weak
the upper transition is splitting off at=0.043—in compari- coupled BCS superconductor.
son withAC, at x=0.038 and why the single-transition re-  y. The discussion of the specific heat(=C"/T as T
gion AC also jumps as the two transition region is ap-—0) in UBe;3 and U,_,Th.Be 3 is complicated by the fact
proached from either side is the central question arising fronthat these materials—unlike most ‘“nonheavy fermion”
this work and the focus of the further discussion. We treat, irsystems—are not Fermi liquids by 1 K. This means that
advance of more data in the exact vicinity xaf; (at, e.g., C/T, which is an indicator of the bare density of states at the

TOWARDS UNDERSTANDING THE LARGE dAC/dx|x,
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FIG. 6. {=C"/T asT—0) vs Th concentratior(square} as FIG. 7. The discontinuity in the specific @, AC, (AC, for

determined by linear extrapolation 6"°™¥T below T, to match Xe1<X<Xc,) determined via the equal area constructitef. 26

the observ+ed superconducting state entropy as discussed in the tegfvided by y* =C/T|;_1+ multiplied by T, (in the single transition
n — % B . ¢

C"T at Tc (=v") is also shown plotted as triangles. The large regimeg or T, (in the double transition regimes Th concentra-

difference between the two values at a givens proof of the (5 in U, ThBe,s The BCS value for weak coupling supercon-
continuing evolution at low temperature of the dressed density ofctors is 1.43. IAC, /7 T, were plotted ak=0.043, or gener-

} . o "
states in these materials. Note the sharp rise in ho#imd v* as ally for x,,<x<x,, the value fory? used would be fromC"/T

xﬂxlcl,zfrom outside the douple transition. region. In the supercon-yatq aboveT,, extrapolated down td., using the entropy con-
ducting state for Y_,Th,Be,s, in contrast with other superconduct- graint. The resultant C,/y? T, atx=0.043 is about 3.2, i.e., the
ors, C*7T does not approach zero @s-0, but rather has a rema- ¢ that AC,/y” T, rises asx—x (from below and X— X

nent valueyes;, see Table | and Ref. 11. Thigg varies between (trom above, and then falls fox., <x<x., is independent of what
20-30 % ofy and has also been seen in Ref. 11.yH vy, IS is used in the two transition region fa&rC,/yT, .

plotted (not shown, the data shown foy are merely shifted down-
wards with no strong change in the observed structure.aand )
Xcp. necessary fofand probably connected)tthe multiple large

peaks inCSYT observed forx,<x<Xg,. That the entropy

Fermi energyN(0) times a factor X\ which describes the fises already ak~0.02 is, as discussed above, connected
electron interactions, is still changing as a function of tem-With the suppression of the peak@at 2.5 K in pure UBg;
perature below 1 K. Thus, in ¢4;ThyoBe;z C/T  With Th doping. The jump iny at x=0.0178 ;) occurs,
=1150 mJ/mol K just above T, and rises to however, before this 2.5 K peak is completely suppresded.
C"/T=2600 mJ/mol R at T—0 (see Table | and Ref. 12 Thus, an exact correlatiéh'’ is lacking atx.;, and of

The determination o€"/T below T, can be carried out via course this peak suppression is long since complete before
measurements in magnetic fiéldo suppress the supercon- the behavior ak., occurs.

ductivity or by matching the(measurefl superconducting AC/yT.. Figure 7 shows AC/y*T. vs x for
state entropy $s.= f;CCSC/TdT) with the extrapolated nor- U;_,Th.Be;; where y*=C/T|T:Tc+. This is the sensible

mal state entropy%=fgcchtraJTdD under the assump- choice, since the energy gap opens up in the dressed density
tion that the transition is second order, i8,,=S,. Thus,a  of states present af., not the eventualy (=C"/T asT
priori there are twoy's one can consider—the measurgdr  —0) that is obtained well below the superconducting transi-
more properlyC/T, aboveT, (here calledy*) and the lin-  tion. (Measurementg of the normal stateni a 2 T applied
early extrapolated, via entropy-matching determinedmagnetic field—low enough not to affe€/T aboveT.(B
vy=C"/T asT—0. These are listed in Table | and plotted in =0)—show indeed a continuing gradual increaseGAT

Fig. 6. As may be readily seen, the normal state=C/T as  wijth decreasing temperature, not a sudden jum@/fi.) If
T—0) as well asC/T|7_1 (= ¥*) both show structure @ e compare the values shown in Fig. 7 with the weak-
approaches the double transition regigpn<x<X.,. Since  coupling BCS result oAC/yT.=1.43, clearly the vicinity

v is a normal state property, this sharp structur&atand  of x,; andx., in U;_,Th,Be;5 sees very strong coupling.
Xc2 in y is certainly consistent with the huge jumps in the (Even without using an idealiz8YA C for an infinitely sharp
specific heat at the superconducting transitiong.gandx.,  transition,AC/y* T, atx=0.0455 is 3.1, far in excess of the
being indicative of some underlying physical phenomenorBcCs value) In fact, the value foC/y* T, observed ak,

and not just simply the crossing of two superconductings |arger than seen in any other superconductor with the ex-
T.(x) phase lines. Something is occurring in thelectron ception of UBg,oBoos Where AC/y*T, is also
density of states and/or with the electron interactions that igpserve@—for an idealized transition—to be 4.4, although
connected with the sharp peakingAiC atx.; andx.,, after  wjthout any two transition region found in the phase dia-
which, asx enters the regionX; <x<Xc, tWo SUPErcon- gram. The important implication to be drawn here from the
ducting transmonsT appear. Obviously, a largamplies a  data in Fig. 7 is, however, not the very strong coupling when
large entropy $= [ ,°C°7TdT)—shown in Table I. Thus, as compared to BCS but rather the sharp structure peaking at
v peaks forxg,;<x<X¢,, S0 does the entropy=f-electron X, andx., just as forAC and vy discussed above. The large
degrees of freedom This increase in entropy is of course AC/y* T, values themselves, if taking pldcdn a non-BCS
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superconductor, can first be quantitatively discussed only aftainly the clues revealed here, tha€ and AC/y* T, peak

ter the precise ground state is known. sharply atx., ,, beforethe two transition region occurs,
should provide a helpful initial direction. Electron tunneling
CONCLUSIONS AND FUTURE WORK measurements Onluxc:LZThXcl Bez are planned to directly

It seems that the two phase region in_Th Beys for determine the energy gap, another indicator—in addition to

T -
~0.0178<x<0.0455 is preceded on both the Th-richer andACéZn;rém::r t,?heecggglrm%#fj:rzn%&ond transition fox
-poorer sides by enormous increases in the size of the spe- 9

. ) ; e " <X and x>X¢, [so that the thermodynamic structure of
cific heat jumps at the superconducting transition, in the size,.” ¢t ° €z 157
of y (defined either a&/T atT=Tc+ or atT—0), and in the eYlp, Li, and Kumaf* (YLK) that three second order phase

. . . transition lines cannot meet at a point is obeyed as discussed
size of AC/y*T. (& superconducting coupling strength b y

: . above in the Introductiolp the present work with all its fine
These facts taken together argue that such peaking afis

. : ) i gradations in Th concentration can offer only hints for fur-
not simply a crossing of .(x) phase lines of two transitions, ther work. As seen in Fig. 3, themay be a small second

but rather is more fundamental in nature. Considering NOW,ansition at 0.34 K below the large transition at 0.5 K in
the central question@ype of superconductivity and why Th Uo.sesTho 01861 (Whether this small anomaly is related to

produci-_;s tWI(() transitions fmc1<X§X02) Wh'CT tlr;'xs worg the very large anomaly in the ultrasonic attenuation
was undertaken to try to answer, the extremely laxgean observed at 0.36 K forx=0.0175 is a question of how in-

AC/y*T, for x approaching the two phase regime, whereyocomparaple the differing preparations are, as discussed

according to, e.g., pressure wérthe Iqwer transmpn for above when comparing Ott’s=0.0378 results with ouk
Xc1 <X<Xc, corresponds to the large single transition or =0.043 data. This implies an almost vertical.(x) for this

<X¢1, do not appear consistent with BCS theory. The StroN%acond transition—work ax=0.0174 is planned. As dis-

. . ) > € .
increase iny and alsoy* atx, (see Fig. Bis consistent . .ssoq apove, the YLK stricture can also be fulfilled in the

with some double resonance structure, with a shallow m'n"special case that, in the two phase regiaT,,/dx

mum between, in the dressed density of states MOVING. 4T, /dx asx—x.. This, based on the present work, re-
through the Fermi energy as a function of increasing Th con-

: : . mains an open question at both, andx.,. However, the
centration such that the Fermi energy IS between the Wast way to fulfill the YLK stricture(barring a first order
sharp peaks fox,; <x<X.,. As we have discussed befdre,

: ant diff bet Th. which tes t hase transition i.e., AC;—0 beforex, is reached so that
one important difierence between 1h, which creales Wy o are not three phase lines, seems to be consistent with

separate transitions and, e.g., La, which does not, is the SiZRe data(see Fig. 4 and j5at x=0.043 nearx,. Thus, to
. . . - ,
Bf t?f; Bpeaks _'gn?l_l(_o)(_ll_HB) causgdz 23{]/ TT%FW decide the thermodynamic behavior nggy requires further
1xThBes, (= asT—0) exceeds 2.6 J/imolsee ;. onAC, for 0.0185<x<0.022, as well as the continuing

Table 2 while for U,_,laBey; values of “only” 1.5 go70h for the almost vertical phase linexat0.0174.
J/mol K2 are reached®

Why and whether the genesis of the two transition region
in U;_,ThBe; is linked to a non-BCS superconducting
mechanism caused by large values pfin y[«N(0)(1
+\)] as a function ok asx moves througlx,, , provides an The work in Gainesville was supported by the U.S. De-
incentive for further experimental and theoretical work. Cer-partment of Energy, Contract No. DE-FG05-86ER45268.
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