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Insulator to Superconductor Transition

Seeds of pairing found in the insulator

Band insulator to SC:
Loh, Randeria, Trivedi, Chen, Scalettar, Phys. Rev. X 6, 021029 (2016)

Disorder driven SC to Insulator:
Ghosal, Randeria, Trivedi, PRB 65 014501 (2001); PRL 81 3940 (1998)
Bouadim, Loh, Randeria, Trivedi, Nat. Phys. 7, 884 (2011)

Magnetic field driven SC to insulator:
Datta, Banerjee, Trivedi, Ghosal, preprint
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Disorder driven Superconductor-Insulator Transition SIT

Anderson Localization ‘ \
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BCS s-Superconductivity ‘/

Breakdown of both paradigms! ‘




SC + Disorder

Weak disorder: k-l > 1

No effect on thermodynamics: Anderson; Abrikosov & Gorkov

Moderate disorder: kpf 2 1

Renormalization of ,u* - Tc suppression
Finkelstein; Fukuyama, Maekawa & Ebisawa

Strong disorder: kpf ~ 1

Anderson localization v/s Anderson’'s theorem
Ma & Lee > Localized superconductors
Kotliar & Kapitulnik

Quantum Critical Point:
Dirty Bosons; MPA Fisher et al.



Phase Diagram A
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Ignore: repulsive Coulomb interactions
& random variations in attraction



Theoretical Approaches I:

o . . SmallU v
o Pairing of Exact Eigenstates: Large systems V

O

O
generalize Anderson’s approach to o Inhomogeneous
inhomogeneous systems o MFT; No phase fluctuations X

A.=IU12, MWZE Mo 5= 20 | balr) ] ¢p(r)]’

o Bogoliubov-de Gennes

(BdG): o Improved MFT v

o No phase fluctuations X
locally self-consistent MFT for

inhomogeneous systems

K A (un(rl)> (un(rl)) A(ri):|U|; w,(r)vy(r;),
=E
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o Phase Fluctuations: self-consistent harmonic approximation



Theoretical Approaches ll:
o Determinantal Quantum Monte Carlo (QMCQC):

-- exact; no sign problem fornegU Vv

-- spatially inhomogeneous density and amplitude v
-- treats thermal and quantum phase fluctuations v
-- size limitations & moderate |UI X

Maximum entropy method
for analytic continuation from “imaginary time” - real frequency

G(R; ) :—/ dwlje_BwN(R,w).

— OO

« Extensive checks on Max Ent: sum rules & moments, test functions:

* Gaps directly from “imaginary time” data
* Gap v/s gapless robust; sum rules robust; but not the large-w line-shape



Real space maps of local pairing amplitude
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Emergent Granularity



Real space maps of A(R) = (¢, (R)ct(R)) | T,
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Pairing of exact eigenstates; Bogoliubov de-Gennes inhomohenous mean field theory
Ghosal, Randeria & NT, PRL 81, 3940 (1998); PRB65, 014501 (2001)



Can the local pairing amplitude be measured?



But...Local gap and local pairing amplitude are
anti-correlated




Anticorrelation of gap and pairing amplitude
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. e Bouadim, Loh, Randeria & Trivedi Nature Phys. 7, 884 (2011)
36x36, U=-1.5t, n=0.875, V=3t, T=0





