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Vortex glass

Strong disorder

- Many metastable states: glass!

- No translational order

- Topological defects

B.S. et al. PRL (‘06)



𝑅 = 𝑅0𝑒𝑥𝑝 −
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𝐵

𝑇

Vortex glass

1. Superfluid stiffness at T=0 ?

2. B-suppression of superfluid stiffness ?

Open questions:

Superglass Phase of Interacting Bosons:

Tam, Geraerdts, Inglis, Gingras, Melko PRL (’10)

Yu, Müller, PRB (‘12)



QPC

1. Superfluid stiffness at T=0 ?

2. B-suppression of superfluid stiffness ?

3. Disorder dependence ?

Open questions:

Superconductor-Insulator Transition



Low disorder

B.S. et al. PRB (‘15)



Medium disorder

B.S. et al. PRB (‘15)



High disorder: Cooper pair insulator

B.S. et al. PRB (‘15)

See also: 

Gantmakher et al (‘98)

Shahar et al (‘04)

Steiner & Kapitulnik (‘05)



Cooper-pair insulator |  Fermionic insulator

B.S. et al. PRB (‘15)



Amorphous indium oxide

Amorphous

InOx

vacuum

InAs nanowire
5 nm

E-gun evaporation under O2 pressure

Parameters

- 40 nm thick

- e-density : 𝑛 ~ 1021 cm−3

- Resistivity : 𝟏 − 𝟐𝟎𝐦𝛀. 𝐜𝐦

- Disorder : 𝒌𝑭𝒍𝒆 ~ 𝟎. 𝟑 − 𝟎. 𝟒

- SC coherence length : 𝜉 = 5 nm

Disorder tuned by

- O2 pressure

- thermal annealing
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Vortex glass superfluid stiffness ?



Superfluid stiffness 𝜣

Energy cost to twist the phase

𝐸 = න𝑑𝒓
1

2
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Kinetic inductance
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𝐸 = න𝑑𝒓
1

2
𝜣 𝛻𝜑 2

𝐸 =
1

2
𝑁𝑚𝑣𝑠

2 where  𝑣𝑠 =
ℏ𝛻𝜑

𝑚

𝐿𝐾
□ =

ℏ𝑅□
𝜋𝛥



Measurement of superfluid stiffness (Kinetic inductance)

𝑓 =
1

2𝜋 𝐿𝐾𝐶

MW in

MW out

Standing wave plasma modes

𝜆/2 microstrip 

resonators Transmission 𝑆21 =
𝑎𝑜𝑢𝑡

𝑎𝑖𝑛



Measurement of superfluid stiffness (Kinetic inductance)

𝑓(𝐵) =
1

2𝜋 𝐿𝐾 𝐵 𝐶

MW in

MW out

𝚯(𝑩)

𝚯(𝟎)
=

𝒇(𝑩)

𝒇(𝟎)

𝟐

𝜆/2 microstrip 

resonators

B-dependence of superfluid stiffness

Standing wave plasma modes



MW in

MW out

𝜆/2 microstrip 

resonators

MoGe inductance 𝐿𝐾 = 70 𝑝𝐻/□

Harmonics

Hc2 ≃ 9T

Control experiment: low disorder MoGe film (R ~ 170 Ω)



MW in

MW out

𝜆/2 microstrip 

resonators

MoGe inductance 𝐿𝐾 = 70 𝑝𝐻/□

𝜣~𝟏/𝑩𝟏.𝟑𝟓

Control experiment: low disorder MoGe film (R ~ 170 Ω)

𝚯(𝑩)

𝚯(𝟎)
=

𝒇(𝑩)

𝒇(𝟎)

𝟐



1. Individual pinning of vortices: interaction between them is irrelevant

𝛩 𝐵 =
𝛷0
2

𝐿𝐾(𝐵)
𝐿𝐾 𝐵 = 𝐿𝐾 0 +

𝛷0𝐵

෨𝑘

High frequency response of a vortex lattice

෩𝒌 : effective curvature

of the pinning potential

𝜣~𝟏/𝑩

෩𝒌 = 𝟎⇔ no pinning ⇔ no superconducting response ⇔ 𝜣 = 𝟎

Position

𝐿𝐾 𝐵 = 𝜇0
𝜆2(𝐵)

𝑑



1. Individual pinning of vortices: interaction between them is irrelevant

2. Collective pinning of elastic lattice (Bragg glass)

𝛩 𝐵 =
𝛷0
2

𝐿𝐾(𝐵)
𝐿𝐾 𝐵 = 𝐿𝐾 0 +

𝛷0𝐵

෨𝑘

High frequency response of a vortex lattice

෩𝒌 : effective curvature

of the pinning potential

෨𝑘~
𝛷0
𝐵

Giamarchi, Le Doussal (‘95)

Feigelman, Geshkenbein, Larkin (’90)

𝜣~𝟏/𝑩𝟐

MoGe : ok!𝛩~1/𝐵1.35

𝜣~𝟏/𝑩



Strongly disordered InOx: vortex glass

At B=0 

𝐿𝐾~1 − 17 𝑛𝐻/□

Θ 0 ~0.5 − 20𝐾



𝑹□ = 𝟐 𝒌𝜴/□
𝑳𝑲 = 𝟏. 𝟑 𝒏𝑯/□
𝑩𝒄 ≈ 𝟏𝟎 T

𝑹□ = 𝟏𝟎 𝒌𝜴/□
𝑳𝑲 = 𝟏𝟏 𝒏𝑯/□
𝑩𝒄 ≈ 𝟎. 𝟒 T

Moderate disorder Strong disorder

Harmonics



Superfluid stiffness 𝚯(𝑩)

𝛩(𝐵)

𝛩(0)
=

𝑓(𝐵)

𝑓(0)

2

𝚯(𝑩) ∝ −𝒍𝒐𝒈(𝑩/𝑩𝒄)

Much slower decay than expected !



Third scenario: Interaction-enhanced pinning

Major effective contribution comes from interactions 

between vortices and not pinning potential

𝜣~𝜷(𝑩)

Feigelman & Kabanov (2026)

𝑈 𝑟 = −2𝜋Θ0ln(𝑟)

෨𝑘 𝐵 = 𝛽 𝐵 ฬ
𝜕2𝑈

𝜕𝑟2 𝑎𝐵

= 2𝜋𝛽 𝐵
Θ0𝐵

𝛷0
≫

𝑊

𝜉0
2

𝛩~෨𝑘(𝐵)/𝐵

Cage model: 

• Uncorrelated movement of vortices

• single vortex pinned by interactions 

with the neighbors

𝑎𝐵 = 𝜙0/𝐵

Pair-wise vortex repulsion :



Third scenario: Interaction-enhanced pinning
Feigelman & Kabanov (2026)

𝑈 𝑟 = −2𝜋Θ0ln(𝑟)Cage model: 

• Uncorrelated movement of vortices

• single vortex pinned by interactions 

with the neighbors

Pair-wise vortex repulsion :

2D Coulomb gaz in a random potential

• Self consistent numerics: increasing B reduces

interaction

• Superfluid response ⇔ dielectric response

𝑫𝑣 = 𝜖𝑣𝑬𝑣 = (1 + 2𝜋𝜒𝑣)𝑬𝑣



Pinned Vortex Glass:  𝚯(𝑩) ∝ −𝒍𝒐𝒈(𝑩/𝑩𝒄)

Exp. W/g² = 0.016



Consequences



Superfluid density vanishes linearly at Bc

Consequence 1 : mean-field suppression



Consequence 1 : mean-field suppression

𝝆𝒔~𝑩𝒄 − 𝑩

𝝆𝒔 ∝ 𝑩− 𝑩𝒄𝟐

𝜉𝐺𝐿 ∝ 𝐵 − 𝐵𝑐2
−1/2

𝑱𝒄 ∝ 𝑩 − 𝑩𝒄𝟐
𝟑/𝟐 ∝

𝝆𝒔
𝝃𝑮𝑳𝝆𝒔~log(𝑩𝒄/𝑩)

𝐵

𝑇



𝝆𝒔~𝑩𝒄 − 𝑩

𝝆𝒔 ∝
𝑩 − 𝑩𝒄

𝑩𝒄

𝒛+𝒅−𝟐 𝝂

Fisher, Weichman, Grinstein, Fisher (’89)

Quantum critical scaling ?

𝝆𝒔~log(𝑩𝒄/𝑩)

𝐵

𝑇

Consequence 1 : mean-field suppression



Consequence 2 : Failed superconductivity

Failed SC

Ephron et al. PRL (‘96)

MoGe films

Kapitulnik, Spivak, Kivelson RMP (‘19)

𝐵

𝑇

𝑅 = 𝑅0𝑒𝑥𝑝 −
𝑈(𝐵, 𝑇, 𝑗)

𝑘𝐵𝑇
Thermally assisted flux flow/creep



Consequence 2 : Failed superconductivity

Failed SC

!! 𝝆𝒔 ≠ 𝟎 !!

Kapitulnik, Spivak, Kivelson RMP (‘19)

𝐵

𝑇

InOx films

Breznay, Kapitulnik Sci. Adv. (‘17)



Consequence 2 : Failed superconductivity

Failed SC

!! 𝝆𝒔 ≠ 𝟎 !!

Kapitulnik, Spivak, Kivelson RMP (‘19)

𝐵

𝑇
Tamir et al. Sci. Adv. (‘19)

InOx films
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Conclusion

1. Non zero superfluid density near 𝑇 ≈ 0

2. Interaction-induced pinning strengthen 𝛩 𝐵

3. Meanfield-like transition at the B-tuned SIT

Pinned vortex glass

D. Perconte, et al. arXiv:2605.23838


