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We have studied the effect of 5.3 GeV Pb irradiation on irreversible magnetic properties of 
YBa2Cu307 crystal, using an ultra-sensitive local Hall-probe technique. In this article we briefly 
summarize our previous results mad present new data at 90 K (=0.97Tc) which demonstrate that this 
type of irradiation enhances flux pinning in the vicinity of To. 

In a recent article I we reported the first study of 
irreversible magnetization in YBa2Cu307 crystal 

irradiated by high-energy (5.3 GeV) Pb-ions. This 

kind of irrad, atizn induces continues amorphous 

latent tracks, with diameter of order 7 nm, along 

the ion path. At the reported fluence of 7x109 

ions/ore 2 the crystal consists of normal amorphous 

cylinders, ap:~roximately 1000/~ apart, embedded 

in a superconducting matrix. This unique and well 

defined damage is responsible for a dramatic 

change in the  irreversibili*,y l inel :  The 

irreversibility temperature  increases and the 

curvature of the irreversibility line changes sign. 

This is accompanied by a enhancement of critical 
cur rent  dens i ty  Je and a decrease in the 

normalized flux creep rate S=dlnM]dlnt. In this 
paper we explore the effect of Pb irradiation on Jc 

and on S in the close vicinity of the transition 

temperature To. 

In Ref. 2 we described the application of 

miniature inSb Hail-probes for measurements of 

local-magnetization. We make use of the high 

sensitivity of the technique and  improved 

temperature control (stability below 10inK), in 

order to explore magnetic properties of Pb 
irradiated crystals at 90 K = 0.97Tc. Two 23 pm 

thick YBa2Cu307 crystals were used in this 

experiment. One served as a reference for as- 

grown samples, the other was irradiated by 5.3 

GeV Pb ~ous ( For details, see Ref. 1). 

Figs. la  and lb present the width of the 

magnetization curves at 90 K, for the as-grown 

and for the irradiaVed samples, respectively. The 

ma~-~etic fie~d v~,as swept up and down ~-~th an 
amplitude Hmax which was gradualy increased 

from 109 G up to 400 G in steps of 50 G. The 'width' 

of the loop is the difference between the measured 

magnetization for the same field in the ascending 

and descending branches of the loop. The 'envelope' 

of all these curves describes width values which 
are independent of Hmax and thus represents a 

true c~tical state. According te the Bean model 3 

this 'envelope' width is proportional to the critical 

current. The critical current ~'or . . . . . . . . .  

sample is ~arger by a f~ct~r of 4 a~ ~ow ~e]ds and by 

a factor of 5 at higher fields and it does not shc~;v 
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the rapid drop at  low fields observed for the as- 

grown sample. 

t h a n  the values found for the as-grown sample 

(0.024 for both penetration and expulsion). 
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FIGURE 1. 
Width of magnetization loops at 90 K (a) for the as- 
grown sample and (b) for the irradiated sample. 

Fig. 2 presents relaxation process at  90 K. Data 

is accumula ted  according to the  following 
procedure: a field of 200 Oe is applied and the 

magnetization is recorded for 2x104 s. The field is 

increased to its maximum value (400 Oe) and 

decreased back to 200 Oe where the magnetization 
is recorded again for 2x!04 s. Thus the two sets of 

magnetization vs. time describe flux penetration 

(triangles) and flux expulsion (circles). Data for 

the as-grown and for the irradiated samples are 
described by full and open symbols, respectively. 

The normal ized  relaxation rates for the irradiated 

sample (0.014 and 0.016 for penetrat ion and for 
expulsion, respectively) are a factor of two smaller 
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FIGDRE 2+ 
Normalized relaxation rates at 90 K for the as- 
grown (full symbols) and  for the  i r r ad ia ted  
crystals (open symbols). A-flux penetration o - flux 
expulsion process. 

To conclude, we present  here the first a t tempt  to 

explore the effect of irradiation in the close vicinity 
of To. It was not clear a priori whether the effect of 

irradiation persist close to Tc because of possible 

changes in pinning mechanism due, for example, 
to a crossover from individual to collective flux 

p inn ing .  Our work  demons t r a t e s  t h a t  Pb 
irradiat ion enhances Jc and supress normalized 

relaxation rates up to, at  least, 0.97Tc. 
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