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In/InOx composite films (10 nm thick)

Hebard, Paalanen PRB (‘84)



a-Si1-xAux films (100-200nm)

Furubayashi, Nishida, Yamagushi, Morigaki, Ishimot (‘85)



B-doped diamond (bulk)

Bustarret et al. PRL (‘04)



AgSnS2 (bulk)

Y. Ando PRB (‘13)



Science 350, 542 (2015)



Low-T anomaly of Bc2(T)
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Mesoscopic fluctuations scenario

Mesoscopic sample
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B.S. et al, PRL (‘08)

STM map of Δ(𝑟)



Spivak & Zhou, PRL (‘95)



Spivak & Zhou, PRL (‘95)

Mesoscopic fluctuations scenario

Predict exponential decrease of 𝒋𝒄 ~𝒆𝒙𝒑 −
𝑹𝟎

𝑳𝑯
−

𝑹𝟎

𝑳𝑻

Mesoscopic sample Bulk sample



• 𝐵 ↗ : decrease of SC island size
• 𝑇 ↘ : increase of SC proximity effect

Mesoscopic fluctuations scenario

𝐵

Vortex glass

𝑇

Predict exponential increase of Bc2(T) and exp.  suppression of jc(B) !

Galitski & Larkin, PRL (‘01)



Critical current



 30-60 nm thick

 e-density : 𝑛 ~ 1021 𝑐𝑚−3

 Disorder : 𝑘𝐹𝑙𝑒 ~ 0.3 − 0.4

Moderetely disordered

amorphous indium oxide (InO)



Moderetely disordered

amorphous indium oxide (InO)



Moderetely disordered

amorphous indium oxide (InO)

Quantum Griffiths singularity !?

Science 350, 542 (2015)



Linear T-dependence of Bc2(T)

B.S. et al. PRB (‘15)



𝑇 ≃ 0.03 𝐾

Critical current measurements



Critical current measurements



𝐽𝑐(𝑇~0) ∝ 𝐵𝑐2(0) − 𝐵 𝛼 𝛼 ≃ 1.5 − 1.6

Critical current measurements

𝑇 ≃ 0.03 𝐾



Mean-field depairing current ?
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Critical current

𝜉𝐺𝐿~
𝑣𝐹
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Mean-field scaling of the critical current
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𝐵

Vortex glass

𝑇

𝝆𝒔~ 𝟏 −
𝑩

𝑩𝒄𝟐(𝟎) 𝟏 −
𝑩𝒄𝟐(𝑻)

𝑩𝒄𝟐(𝟎)
~𝑻? ?



Low-T anomaly of Bc2

𝑇𝑐(𝐵) is given by :For bulk crystal 

𝛿𝜌𝑠 𝐵, 𝑇𝑐 = 𝜖𝜌𝑠 𝐵, 0

Similar to the Lindemann criterion for the 

melting of bulk cristal



Correction to the superfluid density :

𝛿𝜌𝑠 𝑇, 𝐵 = −𝐶
ℏ𝜎𝑛

𝑒2

𝑇2

3𝜋𝜌𝑠(𝐵)𝑎0

For details see Feigel’man talk

Valid for 𝑇 ≪ 𝑇𝑐 and 𝛿𝜌𝑠(𝑇, 𝐵) ≪ 𝜌𝑠(0, 𝐵)

Low-T thermal fluctuations of the vortex glass

Kwok et al. Rep. Prog. Phys. (‘16)



Correction to the superfluid density :
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Low-T thermal fluctuations of the vortex glass

Kwok et al. Rep. Prog. Phys. (‘16)



Low-T thermal fluctuations of the vortex glass

correction to critical current :

𝛿𝑗𝑐
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Correction to the superfluid density :

𝛿𝜌𝑠 𝑇, 𝐵 = −𝐶
ℏ𝜎𝑛

𝑒2
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3𝜋𝜌𝑠(𝐵)𝑎0

Valid for 𝑇 ≪ 𝑇𝑐 and 𝛿𝜌𝑠(𝑇, 𝐵) ≪ 𝜌𝑠(0, 𝐵)
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Low-T anomaly of Bc2

𝑇𝑐(𝐵) is given by  Bulk crystal : 𝛿𝜌𝑠 𝐵, 𝑇𝑐 = 𝜖𝜌𝑠 𝐵, 0

Similar to the Lindemann criterion for the 

melting of bulk cristal

𝛿𝜌𝑠 𝑇, 𝐵 = −𝐶
ℏ𝜎𝑛

𝑒2

𝑇2
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𝜌𝑠 𝐵 ∝ 1 −
𝐵𝑐2(𝑇)

𝐵𝑐2(0)
∝ 𝑇

 Thin films : Generalized BKT transtion 𝜌𝑠 𝐵, 𝑇𝐵𝐾𝑇 =
𝜒

𝑑
𝑇𝐵𝐾𝑇

𝜒−1~1.5 − 2
T. Schneider, and A. Schmidt (‘92)
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Linear T-dependence of Bc2(T)

B.S. et al. PRB (‘15)

 
𝑑𝐵𝑐2

𝑑𝑇
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𝑏 = −
𝐵𝑐2(𝑇)

 𝑇𝑐
𝑑𝐵𝑐2
𝑑𝑇 𝑇→𝑇𝑐

versus  𝑇 𝑇𝑐

Thickness ↘ Slope ↗

WHH (‘66)



De-pairing   vs.   de-pinning

𝑱𝒄 ∝
𝝆𝒔

𝝃𝑮𝑳

E. Zeldov (‘17)



Weak vs strong pinning

WEAK pinning

Pinning collapses beyond Fc

Buchacek, Willa, Geshkenbein, Blatter (2018)

Kwok et al. Rep. Prog. Phys. (‘16)



Weak vs strong pinning

WEAK pinning STRONG pinning

Pinning collapses beyond Fc Vortex creep above Fc

Buchacek, Willa, Geshkenbein, Blatter (2018)



Strong pinning !

T(K)

Strnad, Hempstead, Kim (’64-’65) 

Xiao, Andrei, Paltiel, Zeldov, Shuk, Greenblatt (’02)



De-pinning transition

 Jump of several orders of 

dV/dI: 

collective de-pinning !?

B = 11.25 T



De-pinning transition

B = 11.25 T

 Exponential increase of dV/dI

U 𝐵, 𝑗 = 𝑈(𝐵) 1 −
𝑗

𝑗1

𝑅 𝑇, 𝐵, 𝑗 = 𝑅0𝑒
−  𝑈(𝐵,𝑗) 𝑇



De-pairing vs. de-pinning

 Large resistance ( ~ kOhms /   )

 Signatures of strong pinning in IV’s

 Collective depinning

𝒋𝒄
𝒅𝒆−𝒑𝒊𝒏𝒏𝒊𝒏𝒈



De-pairing vs. de-pinning

 Mean-field scaling   𝒋𝒄~ 𝑩 − 𝑩𝒄𝟐
𝟑/𝟐



De-pairing vs. de-pinning

 Mean-field scaling   𝒋𝒄~ 𝑩 − 𝑩𝒄𝟐
𝟑/𝟐

 Strong spatial fluctuations of 𝚫(𝒓)

B. Sacépé, et al., Nat. Phys. (‘11)

P. Raychaudhuri PRB (‘17)

InOx films  (B=0)

NbN films



De-pairing vs. de-pinning

 Mean-field scaling   𝒋𝒄~ 𝑩 − 𝑩𝒄𝟐
𝟑/𝟐

 Strong spatial fluctuations of 𝚫(𝒓)

 Similar to columnar defects

𝒋𝒄
𝒅𝒆−𝒑𝒊𝒏𝒏𝒊𝒏𝒈

= 𝚪 𝒋𝒄
𝑮𝑳 (Γ < 1)

Mkrtchyan & Schmidt JETP (‘72)



𝐽𝑐
𝐺𝐿 𝐵 = 𝐽𝑐

𝐺𝐿 0 1 −
𝐵

𝐵𝑐2(0)

3/2

𝐽𝑐
𝐺𝐿 0 =

4𝑒𝜌𝑠0

3 3𝜋ℏ𝜉𝐺𝐿

𝜌𝑠0 from Yazdani PRL (’13)

𝜉𝐺𝐿~5 nm from B.S. PRB (‘15)



𝐽𝑐
𝐺𝐿 𝐵 = 𝐽𝑐

𝐺𝐿 0 1 −
𝐵

𝐵𝑐2(0)

3/2

𝐽𝑐
𝐺𝐿 0 ~104𝐴/𝑐𝑚2

𝐽𝑐(0) ≈ 2.5 − 4 . 103𝐴/𝑐𝑚−2

𝑱𝒄
𝒅𝒆−𝒑𝒊𝒏𝒏𝒊𝒏𝒈

= 𝚪 𝑱𝒄
𝑮𝑳 𝜞−𝟏~𝟐 − 𝟒



Conclusion

 Mean-field scaling   𝑱𝒄~ 𝑩 − 𝑩𝒄𝟐
𝟑/𝟐

 𝑱𝒄
𝒅𝒆−𝒑𝒊𝒏𝒏𝒊𝒏𝒈

= 𝚪 𝑱𝒄
𝑮𝑳

𝐵

𝑇

𝝆𝒔~ 𝟏 −
𝑩

𝑩𝒄𝟐(𝟎) 𝟏 −
𝑩𝒄𝟐(𝑻)

𝑩𝒄𝟐(𝟎)
~𝑻

Thermal fluctuations of vortex glass

Sacépé, Seidemann, Gay, Davenport, Rogachev, Ovadia, Michaeli, Feigel’man, 

Nature Physics, today



Universality

MoGe film :   3 𝑛𝑚 thick    𝑅𝑠𝑞 = 700 𝛺 𝑇𝑐 = 4 𝐾

Slope = 3/2



Thank you!


