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The relaxat ion of a radiation-induced point defect —most probably the 
; ro ta t ion of a •OlO? dumbcll—is observed during i so themal anneals of 
! i r radiated molybdenura by r e s i s t i v i t y mcasurcnicnts. 
j The recovery of close pairs i s not affected, in f i r s t ana lys i s , by the 

presence of a uniaxial s t r e s s . 

i Elas t ic af ter-effect measurements (1) and intern.'il f r i c t ion experiments (2) have 
already revealed the presence of relaxation phenomena in low temperature i r radiated 
molybdenum. We describe here under, an experiment in which th is re laxa t ion is 
observed by means of e l ec t r i ca l r e s i s t i v i t y . 

1, The experimental set-up. 
A small tensile testing machine has been designed using the sane principles as 

that described by Conte and von Stebut (3) : essentially, a uniaxial tensile stress 
is applied to a wire, or to a thin bar, by means of a metallic bellows the helium 
I pressure of which can be operated at distance. A differential transformer mounted 
in series with the sample, gives a continuous measurement of the strain. The 
resistivity of the sample can be measured all along the experiment by means of an 
automatic computorized system designed by Zuppiroli and Bouffard (4). This assembly 
is immersed in liquid hydrogen in front of the beam of a 2.5 MeV Van de Craaff 
accelerator (5). The pressure of hydrogen gas is regulated, giving a temperature 
stability of t 0.01 K between 16 and 25 K. 

The cryst?l used here is a single crystalline bar of dimensions 17 mm X 0.6 mm 
X 45 um, with the main dimension along Ol0>. its initial resistivity was L . 
6 X 10"' ficm at 20 K.It was irradiated unstressed at 20 K with 1.5 MeV electrons 
up to a resistivity increase ip of 245 X 10 flf.ni in a first experiment, and 
257 X 10 Qcm in a second,one, corresponding in both cases to a Frenkel pair 
concentration of ~2 X 10 (6). The two experiments separated by a long room- ...._. 
temperature anneal, are described in paragraphs 2. and 3. ••-• - -
2.. First experiment. .. . " \ 

After irradiation, the crystal was submitted to a number of long isothermal • 
anneals at temperatures between 23 an<( 25 K, the uniaxial stress, applied along ' 
fllO], being successively zero, then 30 kg/mm2, then zero again. A typical variation; 
o_f the resistivity Ao/Aoe along these anneals appears on fig I. The influence of 
jthe applied stress is immediately visible. The introduction (resp. removal) of the 
istress produces : 2.1/ an instantaneous increase (resp. decrease) of resistance, 
jfol lowed by 2.2/ a transitory phenomenon, giving an increase (resp. decrease) ' 
! of resistivity, this transient being superimposed to the "normal" recovery of j 
| resistivity.. , . _ I1 • 
i It will also be noticed that, at first order, the kinetics of this "normal" 
Irecovery does not appear to be altered by the presence of the stress. An analysis 
'of this recovery under stress will be found in (13). 
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FIGURE 1 j 
Thermal recovery of 
electrical resistance of 
electron-irradiated molyb
denum, first unstressed, 
then stressed then uns
tressed again. T^24.86 K 

time (hr) 
i- -Point 2.1/ is clearly an elasto-resistive effect. It integrates the change of i 
.shape of the sample and the additive elastoresistivities of the pure metal and of ! 
point defects which have been extensively studied previously» (7 - 10). 

., Point 2.2./ can be studied properly only if the defects (close pairs) annealing 
out at the temperature of the experiment are eliminated, so that transient can be 
disentangled from recovery. This elimination was performed in the second experiment. 

|3. Secor.-i experiment. - -
• In the second experiment, the above-mentioned "elimination" was realized by 
annealing the sample at =30 K during 20 minutes. 

j After this treatment, isothermal anneals are performed at lower temperatures 
j(froo 22 to 25 K), the stress a being on or off. A typical example of resistivity 
behaviour is shown in (II). The main features of this behaviour are the following : 
-3.1/ when the stress is put o_n at time t (resp. oft at time t.) an instantaneous 
-increase (resp. decrease) 6R of the electrical resistance takes pl?ce. 
3.2/ It is fallowed by a time-dependant increase (resp. decrease) 6p of resistivity 
(see fig. 2). ._....-. -_.... _ 
3.3/ These two (instantaneous and time-dependant) phenomena are reversible : one 
-has 3R « -5R ,, and 6p (t-t ) =-6p ,,(t-t.) I on off on* o' off 1 
3.4/ Within good approximation, the time-dependant effect is exponential (see fig.2): 

6p «= 6p (I - exp - t/t) 
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FIGURE 2. Relaxation of resistivity R of irradiated molybdenum vs. time t at 
T = 24.86 K. The stress o is put on at time t = o. Left : stress o. Right : 
stress cr/2. Full line : exponential fit. Here C = maximum value of ÛR/ARm 
A Rmav = radiation induced resistivity ; X = x"' (see text) in s*'. 
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.5/ The effect is thermally activated 

a f t !":_*_ Q.:6j ,--!_-T" 1 = t,"1 exp (-E/kT) 
pith E -«= (72 ± 3) meV and T, ' = 9 M 
.3.6/ The amplitude of the effect appears to be proportionnai to the magnitude of 
-the stress (fig- -2). 
3.7/ The time-dependant effect disappears after an anneal of some minutes at 37 K. 

4. Discussion. 
Point 3.1/ (like 2.1/) is nothing more than the appearance of elastoresistance. 
Points 3.2/ to 3.6/ are obviously the signs of a relaxation phenomenon which 

implies some stress-induced change in the structure of point defects (point 3.7/). 
The energy of electrons used here is such that the concentration of divacancies can 
be considered as negligibly snail. The defect implied is thus the <110>dumbell 
interstitial. The most probable structural change taking place is a reorientation 
cl a dumbell, more precisely of the dumbell of one of the several types of close 
pairs which have been described in molybdenum (12). Such reorientations have been 
observed in molybdenum with comparable activation energies by elastic after-effect 
(1) and by internal friction (2). 

A simple model has been developped in which the 6 fold degeneracy of the 
£110") level is removed by the uniaxial stress (13). This being, in our experiment, 
along ^1I0J, a computer simulation (14) shows that, as can be intuitively expected, 
the [MOj level (quoted z) is lowered, the [J'O] level (quoted x) is raised compa
ratively to the four other levels [101] , [lOÎ], [Oil] and [OilJ (quoted y) which 
remain degenerate. Under these conditions, starting from equal populations on the 
six levels, we move under stress to an overpopulation of (z) at the expense of (x). 
In this model, for low values of the stress, it is found that : 
i/ the variation of (x) (or (z)) population, is very close to exponential (as 
observed ; see 3.4/) ; . . . . . _ 
ii/ the equilibrium population of (x) (or (z)) is proportionnai to o (as observed ; 
see 3.6/). __ _._ . . -.. ...... . ... 

One will notice that this model implies (see 3.2/) that when, the dumbell is 
parallel to the measuring current, its resistivity is higher than when it is 
perpendicular tc it. _.. . . 
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