


Cubic (Perovskite)
ISOTROPIC structure

KxB a

x can be varied from 0.37 to 0.50

(1-x)B103

-> very difficult to grow
homogeneous single crystals

-> “new” (2001) batch with very

sharp transitions

NbTi KBaBiO YBaCuO

T(K) 10 30 100
E(A) 400 30-40 10
H(T) 10 25-30 100
MA) 600 2500 4000
Gi 10-8 10-5-10-4 10-2
Ou 10-3 0.1 0.1
T 0.1 10-1-10-2 10-2-10-3
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Voltage (V)

Scaling properties of the I-V characteristics

S

Current (A)

E*E z+t] _ ‘F(J.EPCrPEPa,)

2 (screened interactions)

par B perp
wthE =(TT, 0

- 0IT <B<2B,

10* +

LACRATl 1t %

v~1 and z~4.8
in very good agreement

with numerical simulations
(Lidmar et al. Eurol:)hgs Lett. 1999)




Tpg(0) - Tpg(0)

0 (degree)

TBG defined as the

teml:)erature for which p->0O

Sl (0) Tre (0) ~sin(0)/V

as expected for the BG melting
transition

woH (T)
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Progressive upwarcl shift of TBG

-> HII reduces the wandering of the vortices
promoting the solid state

see also Blanchard et al. (Poster)
clgnamical Properties of the BG
Chalf |ooP excitations)
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Pristine sample . well defined speciﬁc
heatjump. In conventional tgpe ]

superconductors
the location of the C anomalg =T _(H)
P c2

The anomalg remains well defined after
heavy ion irradiation (L’)q):éT)
no change n TC but.....

the shiftis

much less Pronouncecl 1!




—O—Bd)=6T // tracks
—— B =6T perp. tracks

—o— pristine

20 22 24 26 28 30 32

T (K)

The « melting » transition deduced

From transpor’c data
IS closelg related to the

suPercon&uctingjumP
observed in
spechqc heat measurements

The CP anomalg :
() shifts consistentlg with the

resistive transition in presence of
columnar defects

(i) shifts back to the Position of
the Pristine sample forH
Perpendicular to the tracks




The <, meafUtemBatseshitnsalhthric haanatiomtil! properties

0.4 —&— pristine
[ —o—B_=1T
02 [ +B®=2T
[ —o—B_=6T

The CP anomalg Progressivelg
shifts towards l’iigher T for

increasing irradiation dose

The CP anomalg Progressivelg
shifts back for increasing angles
between H and the direction of
the tracks




The speciﬁc heat measurements show that Tgg is NOT a transition between

two vortex states (Bose Glass -> Liqui&) butis &irectlg related to the

superconducting transition

== whg is this transition sensitive to heavg ionirradiation 777

‘Q Decrease of the mean free path : H,, ~ 1/€l (dirty limit) ?
- No change inHe, l:)g electron irradiation (3.2C > 2K decrease in T.)

- inKBBO | ~E~30Ain Pristine samples and the change nHg s
observed even for By < 1T i.e. for d > 300A >> |

- no signiﬁcative increase of the normal state resistivitg

2 Surface superconductivity along the traces ?
P Yy 8
- progressive shift with Increasing disorder instead of a « second

anomalg » at He,

- the radius of the tracks ~ € -> onlg small effect atlow T







Cooper et al. PRB 1995 : Resistive transition line in cuPrates Is gjven 139 :
= EE >
F-Fl=ak,T/%

74NN

Normal state and supercon&ucting

coherence lengh

X =] (or Ez& in 2D materials)

free energy clensitg

v ya
~15c /HO(]~B/BC7_

=> T*(B) curve

| et’s assume that this criterion gives the
THERMODYNAMIC TRANSITION

> here associated with the sl:)eciﬁc heatjump

le. bouncﬂarg of the H-T Gliagram

in which long range superconclucting order exists




u H (T)

Pristine
sample

T (K)

excellent agreement with
experimenta| data

with onlg ] Parameter :

TV 8234-35K > T * & 315K

"NA /TT Y )N [aYaYaYaY W4 L
—JU 1 1C2}, N—OLUU A (TICTULLUL l)

-> positive curvation of the

transition line




iInfluence of heavg ion irradiation : Glecrease O]C the Free energy clensit9

B

(Energy density) .§3 /k_(K)

P (PP o - nU (-B/B)

/ Pinning energy (inKBBO =0.8¢€)

# of Pinnecl vortices

(By/ Do) [(-exp(-BBy,/B))/ (BB,/B)] ‘CWTAP}

-10 L

20

30

40 L

4" (B,=0) T (B,=2T)

Pristine

Irradiated

I/

T (K)

Upwarc:l shift of T*

goocl qualitative agreement

with exPerimental data




u H (T)

18

-1 r 1t r 11| 1 1| 11t [ 1 1 T [y 1 T [ 1t 11

Pristine chMF
sample NO ADJUSTABLE
PARAMETER
B =1 (T) 2(T) 6(T) :
a (not a fit)




[duoH/dT] (T/K)

T T 1 l 1T T 1 l T T 1 l T T 1
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m  model

2 25 3 35 4
B¢1/2 (T1/2)

In the BG glass melting “scenario”
dH/dT ~1+ AB, /2
(single vortex ~ many line aPProximation)
with A ~1/5Gi"2
expected to be much larger than the

experimental value in KBBO

The Predictecl behaviour
is very close to a Bq,‘/ 2| aw
in goocl quantitative agreement

with experimental data




B (T)

10

e [E241

m E72
O Model

break inctetslopdioldhe Blexkt plot

-> goocl agreement with the model (O)
(saturation of ng > E)q)/cbo forB>> B¢)

This break was much more
pronounced in
the Previous samples (E72)
~-> worse sample qualitg
influence of Point defects

not explicitelg taken into account ?




influence of the angie

columnar

track ‘average

field
direction

AT =0 for 6, ~ 2(U /epV?
-~ UP/GI ~ Q0.8

(ands/d ~D

The calculated angular
dependence is very close to the
sin(0) value previously obtained
by transport measurements

UP (@)= [rUP~ (r+s-t) EI] /(r+s)
minimizing this exprcssion

witi‘i resl:)ect tor ieads to

UP(9>= UP [L 2s/dsin (9)+(cos(9)~l)el/(,lP ]

cos(0) +el/uPs/clsin (0)

- recalculating T* usingti‘iis new UP(G) value :

AT (K)

280y -

—F model

B Onset specific heat

I AT(0)+ A | sin(6) |

0 (deg)
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Conclusion

This simplc model (IF -F |=k.T/€) gjves a very good quantitative

description of the influence of heavg ion irradiation on the transition line

ASSOCIATED WITH THE ONSET OF LONG RANGE SUPERCONDUCTING
ORDER

rclatecl to thcrmal ﬂuctuations : thc order omc magnitudc o1C TczM':~T* can
be estimated from the GL expansion of the free energy densities
(C.Marcenat/C.Bourbonnais) : TczMF-T* ~2.Cil”2 ~1-2K (Brout criteria)

WHAT ABOUT THE BOSE GLASS MELTING INOTHER
HIGH T _OXIDES 7777




H (T)

Complete clossing of the

superconducting gap -islem
(spectroscopic measurement)

100

Normal State

10 |
tuation regime
° Irreversibility line
1L deduced from transport and/or
: susceptibility measurements =i
Bragg Glass + sPeciﬁc heatjump S
0.1
0 0.2 0.4 0.6 0.8 1
T/T,

Order - disorder transition
deduced from SANS data




