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Temperature-dependentH ., anisotropy in MgB, as inferred from measurements on polycrystals
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We present data on temperature-dependent anisotropy of the upper critical field gfdidgihed from the
analysis of measurements on high-purity, low-resistivity polycrystals. The anisotropy decreases in a monotonic
fashion with increase of temperature.
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The recent discovetyof superconductivity with a high AnisotropicH™"(T) andH™*{(T) data forT=25 K ob-
critical temperatureT.~40 K, in the simple, binary inter- tained from the analysis of the temperature-dependent mag-
metallic compound MgB evoked intense experimental and netization of randomly(continuously oriented MgB pow-
theoretical studies of the physical properties of this materiatlers are readily available from Ref. 21. Applying the
that resulted in understanding of superconductivity in thisqualitative arguments used in Ref. 21 foK(T)|, data to
material as being of the BCS-type superconductor in whickmagnetization isothermsyl(H)|7,? one would expect to
the observed value of is a result of the anisotropy of the detect an anomaly af,". As in theM(T)|y case the fea-
electron-phonon coupling and anharmonicity in the relevanture should be present for any continugbst not necessary
(boronEjg) phonon modeé&:4 random distribution of grains. Some theoretical discussion,

One of the important superconducting properties of MgB glbeit with additiopal approximations, related to the anomaly
is the anisotropy of its upper critical field. Reported values ofin second derivative of(H)|r was presented more than a
VZH?S/ng span betweeny~1 (Ref. 5 and y=9-13° decade agd in relation to high-temperature copper oxide

These values were obtained on Mgl different forms and superconductors. In the case of Mg@intered sample simi-

sample quality. For sub-mm single crystallites of magnesiun‘lnar to the one used in Ref. P1he anomaly in the second

diboride theH., anisotropy was communicated to be in the tdeer:\/?rI;teu r: dJIZigﬁHE“?’iT'ie;at;nzgwgnFllgé })<1 aEEGSS
range ofy=1.7—37-1°Recently the anisotropy of the upper . " P 2 '

. . . . . . K was obtained by monitoring this feature at different tem-
critical field of single crysta]lltes of MgBwas studied using peraturegsee Fig. 1 The results deduced from the magne-
torque mqgne.tometﬂl and it was fom_md to be temperature tization data taken along different lines in tHeT space are
(and applied fieltldependent, changing monotonically from ., sistent.
y~2.8 at 35 K toy~6 at 15 K. It has to be mentioned that Upon apblication oH=HMa4_ all grains in a polvcrvs-
while these result$ have an advantage of being obtained by aIIinF:a sarr?p?le become norrﬁngi Hng"(T) coincigesyw?;h

7 I C.

direct measurements on small single crystals, the state—o|:| (T) measured on a polycrystal. Since the polycrystalline
the-art single crystafs’® have their T, lower (AT, c2 polycrystal. polycry

. _15 He, is very similar for our sintered pelléts and wire
|=1 K) than that of good polycrystalline sampt&s™ and Osegmenté;r’*% we will use the H(T) data for wire

also have rather moderate values of residual resistivity ratio:
RRR=5-7 for crystallites as opposed RR R~ 20 for high- . . . . . : . :
purity polycrystalline samples. ' ) ) MaB
Temperature-dependent implies a breakdown of the 6 _—\Wo&: 0 sintered MgB, |
1 1.85K o

standard anisotropic Ginzburg-Landau theory with a tem-
/‘f ' | e
m 15K l. o
£ 3

perature and field independent effective-mass anisotropy
6
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Temperature-dependent anisotropytbf,, v(T), has been
observed in a number of materi#is?® and was found to 4
depend on the form and purity of the material. Since estab y
lishing the intrinsic anisotropy of the upper critical field for =
MgB, and its temperature dependence is of importance for A a o
understanding of the properties of this material, we will 2} Al o .
present an alternate evaluation of théT) behavior in a H™(T) A A o

wide temperature rangé.8—-35 K) for samples with optimal ] A, o
T.=39.2-39.4 K and high residual resistivity rati®@ RR A, 0
=20). The drawback of the approach is that the results are o : L : L : L A On
. . 10 20 30 40
inferred from analysis of the measurements on polycrystal- TK

line material, however, this analysis is robust enough to re-

flect the intrinsic anisotropic properties. In a recent F|G. 1. AnisotropicH.,(T) curves for sintered MgB Open
communicatiof* we presented anisotropid., data forT — symbols: fromM(T)|,, filled triangles; fromM(H)|7. Inset: ex-
=25 K and extracted a value gf(25 K)~6. In this paper amples of features in smoothedM/dH? curves,H™" are marked
we extend these data so as to determine theyf{ill) plot. with arrows.
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FIG. 2. Combined anisotropitl-T phase diagram for MgB
Symbols: circles(open and fillegt from M(T)|y (Ref. 23, tri-
angles; fromM (H)|1, asterisks; from polycrystallinel .,(T) (Ref.
25).

FIG. 3. Temperature-dependent anisotropy of the upper critical
field. The range of data from Ref. 11 is shown as a hatched area
between dashed lines for comparison.

L ma are qualitatively similar probably points to the intrinsic char-
segmentS’ as an approximation foH ¢;*(T) below 25 K. acter of the observed temperature dependencg ©f.

The data are consistent with the results obtained by analysis . : o :
. . In conclusion, anisotropy of the upper critical field of
of M(T)|y curvegt in the shared temperature regitabove high-purity, highT, (TC~§5.2—39.4 }f)p and higRRR

25 K). The combinedH-T phase diagram for a whole tem- ( ;

: S . RRR=20) MgB, samples is temperature dependente-
pe_rratu_r N r?rr;geh;?omssj?teg;?err:qghéa-l;?c?n?%s'mrohp:cgf dia creases monotonically with increase of temperature from
¥(T), is straig y : IS phase did-1_1 g K) to =4 (T=35 K). The data are qualitatively

gram. . ... __consistent with the results of the measurements on sub-mm
Temperature-dependent anisotropy of the upper critica ingle crystald!

field of magnesium diboride inferred from the measurements
on polycrystalline samples is shown in Fig. 3 together with  We would like to thank V.G. Kogan for useful discus-
the data from Ref. 11. Our data show a similar, but somewhagions. Ames Laboratory is operated for the U.S. Department
less pronounced, temperature dependence of the anisotromf: Energy by lowa State University under Contract No.
v changes from 3.5 to 7 with decrease of the temperaturV/-7405-ENG-82. This work was supported by the Director
from 36 K down to 1.8 K. The fact that the two sets of dataof Energy Research, Office of Basic Energy Sciences.
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