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Many experiments have been published concerning the radiation daaage 
in superconductors , but relatively few about the mechanic :.s of defect 
creation. A short review is pn sented of what is known on point defect 
creation in superconductors either by cold-work or by irradiation. 

I. INTRODUCE ION 

Point defeats created for instance by irradiation, tend to alter the properties 
of superconductors. They generally decrease the critical temperatures T and 
increase the critical fields H c. There exists a large number of papers in this 
domain, partly encouraged by the technological effort carrici." >n potential materials 
- and in particular superconducting m.ignets - for fusion reactoi s. 

! Much less is known abc:it the microscopic aspects of point defect creation in 
these materials. This creation might be affected at least by the variation of thermal 
conductivity Kj between the normal (N) and the superconducting (S) state. For 
example, in niobium, at 4.2 K, K-r (S) is about one half of K^ (N). An obvious 
question is : does this variation of Kf affect the mechanism of defect creation 
when the superconductor is cold worked or irradiated ? Moreover , superconductors 
of high performances are alloys or compounds of rather complex^ crystillographic 
structure (e.g. A -15 structures, Laves or Chevrel phases ...) in which 
- independantly of superconduction -, defect creation has practically not been 
investigated. i 
i 
j This question of defect production in superconductors may be looked at from two ! 
(different view points. i 

;I.I. The first one, the more straightforward , is to find an answer to the simplest 
'question : is, at a given temperature, the defect production rate the same in (N) 
.as in (S) ? This point is particularly relevant to the functioning of (S) magnets 
jin a radiation environment. More generally, how are point defects created in complex 
•crystallographic structures such as those of superconducting compounds ? 
I ! 
jl,2. The second side of this theme is quite different. It consists in using j 
'.superconductivity to change, at will, thermal conductivity, in a given structure, 
!at a given temperature, and to test, in a well-defined way, the possible influence 
jof Xx on the defect production rate. Superconduction is, here, nothing more than a ; 
,tool to study a general problem of radiation danuge theory. I 
I I 

We give, hcre-under, a short review of the relatively few experiments in which ! 
:this question ic approached. j 



•"II.'POINT DEFECTS CREATED BY COLD WORK "" 

Cold work is, in principle, the simplest way to create point lefccts. This 
| simplicity is paid by the fact that the nature and configuration of these defects 
: are generally «otconvincingly clear. 

I Lebedev et al. {1-2} have measured the change of resistivity, due to a tension 
deformation, of lead in (S) or in (N) state. The sample is deformed at 4.2 K in a 
! superconducting coil which makes ii. possible to cold work the crystal either in 
i (N) (coil on) or in (S) (coil off) state, and to make all the resistivity 
measurements at 4.2 K in (N) state. 
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FIGURE 1 
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Figure l shows that the defect-induced resistivity increase is slightly higher 
in (S) than in (N) state. 

Unfortunately, this clear experimental result cannot receive a clear 
interpretation. Point defects, but also dislocations1, are created during 
deformation. A number of experiments {3-10} on mechanical properties of such metals 
as Pb, Nb, In — have shown that, at a given temperature, the (N) -» (S) transition 
is accompanied by a softening. This (S) softening (if it is not, in fact, a (N) 
hardening due to the presence of a magnetic field, as in the case of copper {11}) is 
attributed : 

J a) Sometimes {8} to a local increase AT of temperature around the moving 
[dislocations, higher in the (S) than in the (N) state, due to the above-mentioned 
{decrease of Kj. This influence of K T is denied in {9} on the ground of experiments 
[on alloys of various JCj (S)/^ (N) values. . . . 

b) More often {3-7,9} to a lower dislocation damping by conduction electrons. 

| A metal under deformation in the (S) state is then possibly subject to the 
following processes : 

i) £.n enhanced creation of dislocations ; 
z If deformation is mostly due to twinning {10} (case of Nb), it is the growth of 

twins which is more rapid in (S) than in (N) . 



ii) an enhanced creation of point defects due to an increased crossing of 
dislocations ; 

iii) in the frame of interpretation a), an enhanced recombination of point 
defects, just after creation, as a consequence of AT. 

Clearly, i) and ii) increase the resistivity change to, whereas iii), if present, 
decreases A^. The experimental result of figure I essentially shows that ( i) + ii) ) 
dominates over iii) hut does not allow to distinguish unambiguously between i) and 
ii). 
III. POINT DEFECTS CREATED BY IRRADIATION 

III. I. The first question is here : does the state((N) or (S))influence the 
radiation damage rate ? The answer is no, at a very good degree of approximation. 

In the case of pure metals, samples inserted into a superconducting coil,-have 
been irradiated at 4.6 K in the Carching reactor, cither with uranium fission 
fragments (Nb {12}), or with fast neutrons (Nb, Pb, V {13}). A succession of (NT) 
and (S) irradiations was performed. In all cases, essentially no visible change in 
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FIGURE 2 
Increase of resistivity 

&ç of niobium irradiated by 
fast neutrons at 4.0 K 
alternately in (II) and in (S) 
states, vs. neutron f lux «f 
{13}. 

Points on the curve, are 
(N) points obtained under a 
magnetic field of 6 kG. 
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the damage rate (measured by resistivity) was observed. An example of this state-
insensitivity is shown on figure 2. 

In the case of the NbgCe compound, of A-! 5 structure, the critical field is 
itoo high to perform easily the previous experiment. This compound was then simply 
irradiated with electrons {14} and with fast neutrons {15} just below and just above 
the (N-S) transition. The temperature being here slightly different (by ~ 2 K), 
the experiment does not exclude the possibility of a slight anneal and is thus not 
quite as convincing as that of figure 2. Anyhow , here again the damage rate is 
practically the same in (N) as in (S) (fig. 3). 

The two series of experiments (on metals and on an A—15 compound) show that 
t,he duration of cascades (neutrons) or of collision events (electrons) is too short 
to allow the macroscopic conductivity % to play a role in the defect production 
and/or recombination processes. ' ... . ... _ 



FIGURE 3 
Inc rease of r e a c t i v i t y 

Ap measured a t 22 K of Nb30e 
i r r a d i a t e d by 2.5 MeV 
e l e c t r o n s e i t h e r in 
superconduct ing or in normal 
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III.2. The second question is now : which are the mechanisms of defect creation 
in the alloys or compounds of high superconducting characteristics, i.e. of 
technical interest ? There is of course no unique answer to this broad question- We 
just wish to mention some experiments tackling this problem. 

A number of these compounds have 2 (or 3) different types of atoms, often of 
significantly different masses. An accurate determination of the number oî displaced 
atoms (either by direct displacements or by "indirect" light -> heavy collisions) has 
been derived recently {16}. One of the very peculiar features of such compounds is 
to allow the specific displacement of one (but not the other) type of atoms ; i.e. 
the creation of point defects in one only of the 2 (or 3) sublattices. Two types of 
^experiments are, in principle, susceptible to achieve this selective creation : 
llow energy nuclear recoils under thermal neutron irradiation, or electron 
irradiation of adequace energy. 

J Nbj'Ge samples, having the A-15 structure - where the Ge atoms constitute a 
;b.c.c. lattice and the Nb atoms are arranged in linear rows along the <100> 
directions - have been irradiated at 21.8 K with electrons rf various energies E from, 
10.5 MeV up to 2.5 MeV. The resistivity increase Aç, determined at 22 K and the 
critical temperature T c have been measured vs . the electron fluence at each 
[energy E {17}. If the damage rate Aç * Ao/A$ and the "normalized" change of T c 

JATc/Ao are plotted vs. E (see figure 4), there appears a domain in the electron ; 
(energies (between 0.5 and 0.8 MeV) where the resistivity increases, the critical j 
(temperature remaining unaltered. This is quite possibly the sign that a selective 
displacement of the lighter atom ( Ge ) starts to occur at E = 0.5 MeV, increasing 
the residual resistivity, without major alteration of the Nb rows. Tim breaking of 
these rows would then take place only at E * 0.8 MeV, changing T c according to the ; 
Labbé - Barisic - Friedel theory of A-15 superconductors (18). If this is the case, 
(the two corresponding threshold energies are 22.4 eV for Ge and 33.7 eV for Nb x. 

! V 3 Si has the same A-15 structure as Nb3 Oe . Single crystals of V3S1 , 
ipreviously studied under ion-bombardment by MULLER {19} have also been irradiated J 
by a beam of electrons thich was parallel either to <I00> (i.e. to the vanadium rows) 
or to <110> (20}. The minimum energy of electrons giving an increase of resistivity, , 

z These values correcting the erroneous values given in {17}. _ . j 
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equal to 0.4 MeV, is strictly indépendant on the beam direction, at leart in these 
two cases. This seems to indicate that vanadium atoms r.rc not concerned by these 
displacements and that, here again, this minimtiTU energy displacement concerns Si 
only. If this is the case, the corresponding threshold energy of Si in V3S'i is44eV. 
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FIGURE 4 
Damage rate A&(r.r;arured at 

22 K) and normalized change of 
critical temperature AT /à,n , 
plotted versus electron energy E 
.in. irradiated Kbj O {17}. 

In the upper right : enlarged 
view of the lov; energy region. 

j Similar effects of selective displacements may be expected in lamellar 
(compounds like NbSe2 and TaS {21}. 
1 
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