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(Very) dirty superconductors
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In/INO, composite films (10 nm thick)
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a-Si, ,Au, films (100-200nm)
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B-doped diamond (bulk)
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SUPERCONDUCTIVITY

Quantum Griffiths singularity of
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Ga thin films
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® crossing points from R (B) curves
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Low-T anomaly of B_,(T)
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Mesoscopic fluctuations scenario
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STM map of A(r)
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Collapse of superconductivity in a hybrid
tin-graphene Josephson junction array

Zheng Han"2, Adrien Allain™2, Hadi Arjmandi-Tash"2, Konstantin Tikhonov®#, Mikhail Feigel'man3>,
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Mesoscopic fluctuations scenario

Spivak & Zhou, PRL (‘95)

Mesoscopic sample Bulk sample

Predict exponential decrease of (j.)~exp (— ? - %)
H T



Mesoscopic fluctuations scenario

Galitski & Larkin, PRL (‘01)
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Vortex glass

e B 7 :decrease of SC island size
T N :increase of SC proximity effect

Predict exponential increase of B_,(T) and exp. suppression of |.(B)!



Critical current



Moderetely disordered

amorphous indium oxide (InO)

» 30-60 nm thick

> e-density : n ~ 10?1 ¢m™3
» Disorder : kgl, ~0.3 — 0.4




Moderetely disordered

amorphous indium oxide (InO)




Moderetely disordered

amorphous indium oxide (InO)

® crossing points from Ry(B) curves
* Ry plateaus from R(T) curves

B(OK)=2341T X

Science 350, 542 (2015)
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-dependence of B_,(
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Critical current measurements
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Critical current measurements
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Critical current measurements

T =0.03K

1B_,(0) - B| (T)

Jo(T~0) < (B2(0) —B)*  a=15—-16




Mean-field depairing current ?

Near quantum transition:

Near thermal transition:
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Ginzburg-Landau

2e
F=alAM)|* + BIAMI* +y |(—i|7 - EM?‘)) A(r)
jc X ps/fGL
From the free energy From London equation
j= _CG_F _ e’A
0A J = =4ps 377
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Ginzburg-Landau
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Critical current
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Mean-field scaling of the critical current
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Low-T anomaly of B,

For bulk crystal T.(B) is given by :

SPS(B» Tc) — EPS(B: 0 )

Similar to the Lindemann criterion for the
melting of bulk cristal



Low-T thermal fluctuations of the vortex glass

Correction to the superfluid density :

TZ

ha,
5ps(T,B) = —C—————
ps(T. B) e 3mpy(B)ag

Valid for T « T, and 8p,(T, B) < ps(0, B)

Kwok et al. Rep. Prog. Phys. (‘16) For details see Feigel’'man talk



Low-T thermal fluctuations of the vortex glass

Correction to the superfluid density :

TZ
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Valid for T « T, and 8p,(T, B) < ps(0, B)
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Low-T thermal fluctuations of the vortex glass

Correction to the superfluid density :
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Low-T anomaly of B,

M Bulk crystal : T.(B) is given by Sp.(B,T,) = eps,(B,0)

Similar to the Lindemann criterion for the
melting of bulk cristal

o, 2

6PS(T,B) =—C

= eps(B)

e? 3mps(B)ag

ps(B) « (1 — BCZ(T)) < T

Bcz (O)
o _ | p
M Thin films : Generalized BKT transtion ps(B, Tgxr) = ETBKT
y 1~15-2
c2 (T) T. Schneider, and A. Schmidt (‘92)
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Linear

-dependence of B_,(

B.S. etal. PRB (‘15)



B, (T
bh=— c2(T) versus  T/T,
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De-pairing vs. de-pinning
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Weak vs strong pinning

WEAK pinning

(a)

.+ creep depinned

*

0  pinned

Pinning collapses beyond F,

Buchacek, Willa, Geshkenbein, Blatter (2018)
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Weak vs strong pinning

WEAK pinning STRONG pinning

(a)

o+ creep depinned

*

*

0  pinned : 0 pinned

Pinning collapses beyond F, Vortex creep above F,

Buchacek, Willa, Geshkenbein, Blatter (2018)



Strong pinning !

0 pinned

Strnad, Hempstead, Kim ('64-'65)
Xiao, Andrei, Paltiel, Zeldov, Shuk, Greenblatt ('02)



De-pinning transition
B=11.25T
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De-pinning transition
B=11.25T

O oo pu= M Exponential increase of dv/dl
T 00 —otor
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U(B,j) = U(B) (1 —74)
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De-pairing vs. de-pinning

M Large resistance (~ kOhms/ 0O)

M Signatures of strong pinning in IV’s ‘

M Collective depinning
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De-pairing vs. de-pinning

M Mean-field scaling j.~|B — B |3/?



De-pairing vs. de-pinning

M Mean-field scaling j.~|B — B |3/?

M Strong spatial fluctuations of A(r)

NDbN films
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De-pairing vs. de-pinning

M Mean-field scaling j.~|B — B, |3/?
M Strong spatial fluctuations of A(r)

VI Similar to columnar defects

Mkrtchyan & Schmidt JETP (‘72)

jde—pinning o (F < 1)
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>3/2 je(B =0) 7
4

gLBchL()(_
(B) =Jc=(0)| 1 B (0)

pso from Yazdani PRL (13)

¢c.~5nm from B.S. PRB (*15)



>3/2 jo(B =0) .

GL _ JGL .
Je=(B) =]:~(0) (1 B, (0)

JEL(0)~10%*A/cm?

J-(0) = (2.5 —4).1034/cm™?

de—pinning _ GL
J =T Jc
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Conclusion

> Mean-field scaling J.~|B — B, |3/>
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Thermal fluctuations of vortex glass
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Sacepé, Seidemann, Gay, Davenport, Rogachev, Ovadia, Michaeli, Feigel’'man,
Nature Physics, today




Universality

MoGe film : 3 nmthick R;, =700 T.=4K

Slope = 3/2
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Thank you!



