
Specific Heat Measurements through the 

Superconductor-Insulator Quantum Phase Transition

Aviad Frydman, Bar Ilan University

BIU

Shachaf Poran

Neel Inst. Grenoble
Olivier Bourgeois

Technion
Assa Auerbach



"For discovery and pioneering investigations 

of the superconductor-insulator transition, 

a paradigm for quantum phase transitions.”

2015 Buckley Condensed 

matter physics prize

Aharon Kapitulnik

Allen Goldman

Art Hebard

Matthew Fisher

Haviland, Liu and Goldman , PRL 89

The superconductor–insulator–transition  



The superconductor–insulator–transition  

Baturina et.al. PRL (2007)

TiN

RT Resistance

I1 - 4.6 k

L1- 4.48 k

3%! 

TiN

Haviland, Liu and Goldman , PRL 89



Pb,Sn

L He L He

V

I

Quench condensation



Pb

SUBSTRATE SUBSTRATE
GePb

AF, PRB 2003

Ultrathin metallic films



Pb

SUBSTRATE SUBSTRATE
GePb

AF, PRB 2003

=ei

Amplitude

Phase

Ultrathin metallic films

FermionicBosonic

Fisher & Lee 1989 Finlelstein 1989

Tmf

Ts



Superconducting gap, 

Barber et-al, 94



-4 -3 -2 -1 0 1 2 3 4
0.0

0.5

1.0

1.5

 

 

G
H

=
0
(V

)/
G

H
=

1
1

T
(V

)

V(mV)

Sacepe et.al.  PRL (2008)

Sherman, Kopnov, Shahar and Frydman, PRL (2012)

1 10 100
0

1k

2k

 R
 (


)

 

 

T(K)
0.0 0.2 0.4 0.6 0.8 1.0

100k

1M

 

 

T(K)

R
 (


)

0.7mV

0.7mV

InO

TiN

 remains finite across the SIT and above TC

InO

Sacepe et.al. Nature Physics (2011)

Rbarrier>>Rsample



Quantum fluctuations in the QCR
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Calorimeter
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Quench condensation set-up

Bare substrate
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Resistance and heat capacity



Specific heat close to the QCP
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Powder of Sn particles
Our Pb films

Specific heat of small particles
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Specific heat and entropy



Collective mode contribution to Cp
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Fermionic origin of excess specific heat





Summary

• The specific heat grows towards the QCP in a granular superconductor.

• This is interpreted as an increase of the electronic effective mass in the 

vicinity ohf the quantum phase transition presumably due to interactions 

between the fermions and bosonic collective modes which become 

pronounced close to the quantum critical point of the SIT .

• Signs for quantum criticality


