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A recent suggestion by Farrell and Chandrasekhar that a major part of the critical-
temperature (7,) reduction in A15 superconductors, caused by radiation-induced defects,
is a manifestation of a large gap anisotropy is examined for Nb;Sn. Electron-irradiation
data show that the 7, changes with damage are inconsistent with a large gap anisotropy.
However, if one assumes that the initial changes in 7, with fluence are indeed due to gap

anisotropy, then it is shown that the anisotropy parameter (¢? for Nb,Sn is

In a recent Letter Farrell and Chandrasekhar!
have suggested that the drastic reduction of T, on
introducing defects into A15 superconductors is
in a2 major part due to a reduction of a large gap
anisotropy. It is our contention that this explana-
tion is not correct, and we present data on elec-
tron-irradiated samples of Nb;Sn to show that ob-
served changes in T, due to the introduction of de-
fects is inconsistent with a very large gap anisot-
ropy. From an analysis of the data at low fluenc-
es we estimate an upper limit for the effect of
gap anisotropy which will be seen to be rather
small, and of the order of the values usually
found for superconductors other than A15’s.

Within the framework of a gap-anisotropy mod-
el, Markowitz and Kadanoff? have shown the in-
fluence of dilute nonmagnetic impurities or de-
fects on T',. In their theory, the change in T is
given by

AT ;= =T I (X)a?), (1)

where T , is the transition temperature of the in-
trinsic material and {¢® is the angular average
of the square of the anisotropy coefficient a(R).
The function I (x) is given by

2Pe wp/X tanh (yy/4)
I(x)= f 1y D @

where x = (BT ;o 7,)"*. B.=1/kT, and wy, is the
Debye frequency. 7, is interpreted as a collision
time which describes the mean time for smooth-
ing out the gap. x can be written as equal to
5.56&,/1 if 7, is taken equal to the transport colli-
sion time T,,, where ! is the mean free path and
&, is the coherence length. For the purposes of
comparing with experiment, the dimensionless
parameter x can be written as x=0.37p,, where
the residual resistivity p, is in microhm-centi-
meters. This assumes that p,l=7.5X 107" Q
em? and £,=50 A, which are appropriate for
Nb,Sn. In Fig. 1 the function —1.(x) is shown for
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< 0,08,

different values of B,wp. The important feature
is the large positive curvature as x—~ 0, and since
AT, is proportional to ~I.(x), T, is expected to
have a similar behavior for small y or for large
I. The curve appropriate for Nb,Sn is labeled b.
We mention that the Markowitz-Kadanoff® theory
was constructed for simple metals and we follow
Farrell and Chandrasekhar' with some caution in
applying this theory to transition metals.

In Fig. 2 is shown a plot of T, vs the residual
resistance, p,, for vapor-deposited Nb,Sn sam-
ples irradiated with 2.0-MeV electrons at ~ 50°C.
Figure 3 shows a similar plot of T, against the
electron fluence. Similar results have been ob-
tained for a-irradiated Nb,Sn samples® and neu-
tron-irradiated Nb,Sn* and V,Si single crystals®
when T, is plotted against fluence. However, in
these cases there is a possibility of inhomogene-
ous damage causing the slow initial change in T,
with fluence or p,. The present experiment using
electrons is not marred by this type of difficulty
since only single Frenkel pairs are created uni-
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FIG. 1. The integral I (x) [Eq. (1)] is shown as a
function of x for several values of g, wy: curve 4, 200;
curve B, 20; and curve C, 15.5 (which is appropriate
for Nb;Sn).



VoLuME 39, NUMBER 17

PHYSICAL REVIEW LETTERS

24 OCTOBER 1977

Te(K)

1 ! 1 1 I 1
0 10 20 30 40 50 60 70
Po (1 -cm)

FIG. 2. NbjSn: 7, vs the residual resistivity p,.
The curve is drawn from Eq. (2) with 7,,= 18.4 K, (a®
=0,025, £,~50 &, and pyl ="7.5%x 10" 2 Q cm?,

formly throughout the specimen. Since both in-
terstitials and vacancies are mobile at the irra-
diation temperature, the remaining defects fol-
lowing displacement and migration will be Nb
atoms occupying Sn vacancies and vice versa. It
is also expected that the effect of clustering will
be small at these low fluences.®

From the data in Figs. 2 and 3 it can be seen
that there is no sharp change of T, with p, for
small p,, i.e., for large /. This has already been
discussed in another context.® Here it illustrates
that the entire T, behavior with fluence or p, does
not have the general functional behavior that is
expected from gap-anisotropy reduction. How-
ever, the small initial changes of T, with p, for
Po <30 u2 cm, may be due to a reduction of gap
anisotropy. Making this assumption, then in Fig.
2 the initial T, data have been fitted by the solid
curve which is obtained using Eq. (1) with T,
=18.4 K and {(¢® =0.025. This compares to the
value of {¢% =0.68 used by Farrell and Chand-
rasekhar.! We emphasize that while the value of
(a® =0.68 might be consistent with the large T c
depression found when p,>30 uf2 cm, it is com-
pletely inconsistent with the overall data shown
in Figs. 2 and 3. This large value of {a®) =0.68
would imply a large positive curvature, in the T,
VS p, or fluence curves, with large initial chang-
es in T, with p, or fluence. Actually a negative
curvature is observed in the total T, vs p, curve
and the smaller observed changes, in the low-
fluence regime, as mentioned above, are consis-
tent with (@® ~0.03. The large T, changes seen
at higher fluence, where p,>30 uf2 cm, has been
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FIG. 3. NbSn: T, vs electron fluence.

suggested’ to be due to a reduction in the density
of states N(0) with disorder. It is also empha-
sized that the small initial changes in T, can al-
so be due to changes in N(0) with disorder and
hence we have only obtained an upper limit in the
value of {¢®), assuming T ,~ 18.4°K.

The small-gap-anisotropy picture presented
above is reasonable since the value of {(¢? is not
too different from that of niobium.® Furthermore
for Nb,Ge, with an initial p,~45 pf2 cm, an ex-
planation based on a large gap anisotropy' would
require the T, of a well-ordered material to be
>40°K. This large increase in T, over the pres-
ent value of ~23°K, as p, changes from >40 uQ
cm to a small value characteristic of the ordered
sample would be very different from the behavior
of other A15’s such as Nb,Sn for which T, only
changes ~1.5°K over this regime.?

In conclusion, we think that the data shown
here cannot be explained solely on the basis of a
smoothing of gap anisotropy. The initial changes
in T', with p, up to ~ 30 uf2 cm may be attributed
to such a mechanism. This would imply that {a?)
~0.03. It is strongly suggested that the more rap-
id depression in T, observed for heavier irradia-
tions, when p,>30 uf2 cm, is related to decreas-
es in the density of states, which has been dis-
cussed elsewhere.”

This work was performed under the auspices of
the U. S. Energy Research and Development Ad-
ministration, Contract No. EY-76-C-02-0016.

@ Also at Department of Physics, State University of
New York, Stony Brook, N.Y. 11794,
D, F. Farrell and B, S. Chandrasekhar, Phys. Rev.

1103



VOLUME 39, NUMBER 17

PHYSICAL REVIEW LETTERS

24 OcTOBER 1977

Lett. 38, 788 (1977).

’D. Markowitz and L. P. Kadanoff, Phys. Rev. 131,
563 (1963).

H. Wiesmann, M. Gurvitch, A, K. Ghosh, H. Lutz,
K. W, Jones, A, N, Goland, and M, Strongin, to be
published.

‘M. Soll, R. Boning, and H. Bauer, J. Low Temp.
Phys. 24, 631 (1976).

’R. Viswanathan, R. Caton, and C. Pande, to be pub-
lished,

fSee, for instance, A, Sosin and W. Bauer, in Studies
in Radiation Effects in Solids, edited by G. J. Dienes
(Gordon and Breach, New York, 1969), Vol. 3, p. 153.

"H. Wiesman, M. Gurvitch, A. K. Ghosh, H. Lutz,
O. F. Kammerer, and Myron Strongin, to be published,
H. Lutz, H. Wiesmann, O. F. Kammerer, and Myron
Strongin, Phys. Rev. Lett. 36, 1576 (1976); C. L. Snead,
Jr., Appl. Phys. Lett. 30, 662 (1977).

83, Klaumtnzer, A, Ischenko, and P, Miiller, Z. Phys.
268, 189 (1974),

Distinguishing between Stars and Galaxies Composed of Matter and Antimatter
Using Photon Helicity Detection

John G. Cramer
Deparvtment of Physics, University of Washington, Seattle, Washington 98195

and

Wilfred J. Braithwaite
Department of Physics, University of Texas, Austin, Texas 78712
(Received 14 February 1977; revised manuscript received 12 July 1977)

The positrons produced in fusion processes in matter stars will have predominantly a
“right” helicity due to the nonconversation of parity in weak interactions. This helicity
is transferred to bremsstahlung and forward in-flight annilation radiation, which will be
right-circularly polarized. In antimatter stars, CP symmetry will make the equivalent
radiation left-circularly polarized. The helicity of such radiation can be used to distin-
guish between astronomical objects composed of matter and antimatter.

The tantalizing possibility that macroscopic
quantities of antimatter may exist in our universe
has been the subject of calculation and speculation
for more than two decades.! Baryon-symmetric
cosmologies have been proposed which would re-
quired equal amounts of matter and antimatter to
be present in the universe.? It has also been pro-
posed that a black hole composed of normal mat-
ter may “evaporate” equal amounts of matter and
antimatter,® tending to symmetrize the matter-
antimatter balance of the universe if it were not
a priovi symmetric.

In a recent review article, Steigman* pointed
out that all methods of locating antimatter in the
universe which have so far been suggested (ex-
cept for antineutrino detection) require the intro-
duction of normal matter into a region of space
which contains antimatter, or vice versa, so that
matter-antimatter annihilation takes place and
can be observed. In the present work we suggest
an alternative method which uses the helicity of
secondary electromagnetic radiation produced by
stellar fusion processes to distinguish between
stars composed of matter and antimatter. This
method, though very difficult, does not require

1104

matter-antimatter annihilation or antineutrino de-
tection.

It would seem at first sight that the symmetry
of the physical processes in stars composed of
matter and of antimatter would make them obser-
vationally identical so that no way could be found
of distinguishing between them. However, there
is one exception to this general symmetry which
arises from the nonconservation of parity in the
weak interactions and from CPT symmetry.? The
thermonuclear processes which occur in stars,
whether involving the hydrogen cycle, the carbon
cycle, or nucleosynthesis of heavier elements,
systematically convert protons into neutrons.
This conversion takes place through the weak-in-
teraction processes of 8* decay and electron cap-
ture. When positrons (8*) are emitted they will
be preferentially in a “right”-helicity state of
strength v/c as a consequence of the nonconser-
vation of parity and the maximal parity nonconser-
vation in 8 decay. Thus the positron spins will
be aligned along their lines of flight.> The emis-
sion of these positrons may be accompanied by
the emission of inner bramsstrahlung,’ and when
they are slowed in matter they are likely to pro-



