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Outline

Order - disorder transition in the vortex matter

the normal-superconducting state transition

- influence of correlated disorder - a “simple” 
model                



order-disorder transition in 
the vortex matter 



vortices in type II 
superconductors

core size : coherence length 

~ a few 10A

screening currents

penetration length ~ a few 1000A

-> interacting elastic lines

-> hexagonale lattice

but very sensitive to defects
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in high Tc materials Upin ~ Uelast ~ kT 

-> an order-disorder transition can be induced by 

increasing H and/or T  
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 Ra : “correlation length” of the ordered 

phase     (so-called Bragg Glass)

dislocations proliferate into the solid for 
Rz~ 20.a0    Lindeman criterion
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Point defects

Columnar defects
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H
c2

Glass Liquid

"Lattice"
(Bragg Glass)

T

H

Sharp jump in the electrical resitivity

+

Anomaly in the JPR signal (interplane coupling)

+

Specific heat jump (YBCO only)

Experimental evidence
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Specific heat anomaly



H
c2

Glass Liquid

"Lattice"
(Bragg Glass)

T

H

Sharp jump in the electrical resitivity

+

Anomaly in the JPR signal (interplane coupling)

+

Specific heat jump (YBCO only)

“Fishtail” effect : sharp increase of Jc

+

Jump in the reversible magnetization (BSCCO only)

+

Anomaly in the neutron diffraction intensity

Experimental evidence



Small angle Neutron scattering
KBBO, 2K-1000G

Rocking curve angle

Neutron Beam

Magnetic field (flux line direction)
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I(q=0) !"Ra  
“correlation length” of Bragg Glass

dislocations proliferate into the solid 
for Ra~ 20.a0 

and Ra ->0 in the disordered phase
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What is the exact nature of the so-called “vortex liquid” ???

? ?

Avraham et al.  Nature 01Joumard et al. PRL 99

Where is the Hc2 line ???
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measuring Hc2.......  specific heat :rapid broadening of the transition due 
to the presence of strong thermal fluctuation

YBaCuO, R.Brusetti et al.

is Hc2 given by the maximum of Cp, the mid-point or the onset of the transition ??

Need for a system showing less fluctuation : (K,Ba)BiO3
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-> very difficult to grow homogeneous single crystals



Superconducting to normal 
state transition
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Pristine sample : well defined specific heat jump. 

In conventional type II superconductors

the location of the Cp anomaly = Tc2(H)
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The anomaly remains well defined after 

heavy ion irradiation (B
!

=6T)

i.e. introduction of columnar defects

no change in Tc but.....
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Pristine sample : well defined specific heat jump. 

In conventional type II superconductors

the location of the Cp anomaly = Tc2(H)

the shift is 

much less pronounced !!!!



The Cp anomaly progressively 
shifts towards higher T for 
increasing irradiation dose
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Decrease of the mean free path : Hc2 ~ 1/!l (dirty limit) ?                                     

- no change in Hc2 by electron irradiation (3.2C -> 2K decrease in Tc) 

- in KBBO l ~ ! ~ 30A in pristine samples and the change in Hc2 is   

observed even for B" < 1T i.e. for d > 300A >> l 

- no significative increase of the normal state resistivity                                                           

- angular dependence

 Surface superconductivity along the traces 

- progressive shift with increasing disorder instead of a  «!second 

anomaly!» at Hc3     

- the radius of the tracks ~ ! -> only small effect at low T

 Why is the superconducting transition 
sensitive to heavy ion irradiation ???



A “simple” model



the superconducting transition i.e. boundary of the H-T diagram 

in which long range superconducting order exists is given by :

  |F
n
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s
|= # k

B
T/ !3           

Cooper et al. PRB 1995

coherence length

(or !2d in 2D materials)

Normal state and superconducting

free energy density
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!=30A (Hc2), "=3200A (neutron)

-> positive curvation of the transition line
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Influence of heavy ion irradiation : decrease of the free energy density
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but also very good QUANTITATIVE agreement......
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influence of the angle 
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minimizing this expression with respect to r leads to
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-> recalculating T* using this new Up(&) value :



The vortex matter is a perfect system to study the influence of disorder 
on elastic systems : 

an order-disorder transition can be induced by increasing          
either T (thermal fluctuation)or H(effective disorder)

But little is know on the the normal / superconducting transition in 
presence of (strong) thermal fluctuations :        

there is no liquid phase in KBBO : the vortex glass directly 
“sublimates” in to the normal state in which superconducting 
fluctuations exists

a simple model (|Fn-Fs|= kBT/ !3) gives a very good quantitative 

description of the influence of heavy ion irradiation on this 
transition in KBBO

WHAT ABOUT IN OTHER HIGH Tc OXIDES ????

Conclusion


