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Superconductor-Insulator Transition
(SIT)



Quantum Phase Transition
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Quite Sharp.
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B Driven SIT in a:InO



Cooper-Pair Insulator



• M. P. A. Fisher, Phys. Rev. Lett. 65, 923 (1990)
• V. M. Galitski et al, Phys. Rev. Lett. 95, 077002 (2005)
• Dubi, Meir and Avishai, NATURE | Vol 449 | (2007)
• M. V. Feigel’man et al, Phys. Rev. Lett. 98, 027001 (2007)
• Vinokur et al., NATURE | Vol 452 | 3 April (2008)
• D. Meidan and Y. Oreg, Phys. Rev. B 79, 214515 (2009)
• Müller and Shklovskii, Phys. Rev. B 79, 134504 (2009)
• Pokrovsky, Falco and Nattermann, Phys. Rev. Lett. 105, 267001 (2010)
• K. Bouadim, Y.L. Loh, M. Randeria, and N. Trivedi, Nature Physics 7, 889 (2011)
• Lages and Shepelyansky, Eur. Phys. J. B81, 2, (2011)
• S. Syzranov et al., Phys. Rev. Lett. 108, 256601 (2012)
• Burmistrov et al, PRB (2015)
• ...

CPI – Supporting Theoretical Arguments



Duality

Cooper-Pairs

VorticesM. P. A. Fisher, Quantum phase transitions in disordered 
two-dimensional superconductors, Phys. Rev. Lett. 65, 923 (1990)

In JJA: Fazio, R. & Schön, G. Charge and vortex dynamics in arrays of
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Vortex–Charge Duality-Symmetry

𝐼 ↔ 𝑉

𝜎 =  𝐼 𝑉 ↔ 𝜌 =  𝑉 𝐼



Phase Diagram

𝑇 ≠ 0 → activation (pining) energy

𝑈 =
1

2
𝑇𝐶 log

𝐵𝐶
𝐵

Expected power law resistivity

M. P. A. Fisher, Quantum phase transitions in disordered 
two-dimensional superconductors, Phys. Rev. Lett. 65, 923 (1990)



Measured Power law resistivity across SIT
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Duality Symmetry
𝜌 ↔ 𝜎
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Duality symmetry

Ovadia, M; Kalok, D; Sacepe, B; Shahar, D (2013). Duality Symmetry and Its Breakdown in the 
Vicinity of the Superconductor-Insulator Transition.  Nature Physics. 9:415-418.



Resistance Temperature 
Dependence

𝜌 𝐵, 𝑇 = 𝜌𝐶 × 𝑒𝑥𝑝
𝐸0(𝐵)

𝑘𝐵𝑇

𝐸0 𝐵𝑆𝐶 =-𝐸0 𝐵𝐼𝑛𝑠



(very) Low Temperature





Low Temperature Duality Breakdown



Low Temperature Duality Breakdown



Properties of a CPI

 Exponential temperature dependence of the resistance

 Electrons are interacting and decoupled from phonons



Discontinuous Current-Voltage Characteristics 
in CPI’s
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Current-Voltage Characteristics



4 Probe Measurement

Doron, A., Tamir, I., Levinson, T., Ovadia, M., Sacépé, B., & Shahar, D. (2016).
Transport Catastrophe Near the Superconductor-Insulator Transition. arXiv preprint
arXiv:1606.06606.

𝐼𝑎𝑐~1𝑛𝐴



4 Probe Measurement

• 1 𝑛𝐴 is allowed → Sampling
mostly the high current branch
without knowing (high current
branch is linear).

• 1𝑛𝐴 is in the unstable region.
Not clear what is measured.

Doron, A., Tamir, I., Levinson, T., Ovadia, M., Sacépé, B., & Shahar, D. (2016).
Transport Catastrophe Near the Superconductor-Insulator Transition. arXiv preprint
arXiv:1606.06606.



4 Probe Catastrophe



Low Temperature Duality Breakdown



Low Temperature Conductivity

𝝈 𝑻 = 𝝈𝟎 × 𝒆𝒙𝒑 −
𝑻𝟎

𝑻 − 𝑻∗

Ovadia, M.; Kalok, D.; Tamir, I.; Mitra, S.; Sacepe, B.; Shahar, D. (2015). Evidence For a Finite-
Temperature Insulator. Scientific Reports. 5:13503.





Noise Measurement - Setup

a:InOAu Current Amplifier

Signal Analyzer



Noise Spectral Density – 𝑉 = 0

Amplifier baseline noise

Electric resonances



Noise Spectral Density – 𝑉 ≠ 0



Noise Thermometry –
Over-Heated electron Model

• Primary Thermometer 

• Coupled directly to the electrons

• 𝑁𝑜𝑖𝑠𝑒 ∝
4𝑘𝑇𝑒𝑙

𝑅

𝐴



Over-Heated electron Model

𝑉

𝐼
= 𝑅

𝑇𝑒𝑙~0.285 𝐾



Noise Spectral Density – 𝑉 ≠ 0

𝑇~3000 𝐾



Noise Spectral Density – 𝑇𝑒𝑙 = 𝑇𝑝ℎ



Noise Peak

Celasco, E., Celasco, M., & Eggenhöffner, R. (2007). Crackling noise peaks as signature of
avalanche correlation. Journal of Applied Physics, 101(5), 054908.



Noise Peak – Time dependence



Low Temperature Summary

• Duality symmetry is broken

• Instability of the 𝐼 − 𝑉 characteristics is observed

• Resistance (calculated from 𝐼 − 𝑉 ’s) show strong

temperature dependence, despite e-ph decoupling

• Large (time dependent) noise is observed as an

applied 𝑉 bias is introduced



Thank You!


