Restoring phase coherence in 1d

superconductivity by power-law hopping

Antonio M. Garcia-Garcia
Cavendish Laboratory, Cambridge University, Lisbon University

http://www.tcm.phy.cam.ac. uk/~amg73/

1.00f0 oo "*hhf

0.70}
_ 050}
T
o
0.30} _
-#-a=11
0201 107 g g |+ =i -obos
10° 10° 10° 10 a=oo Maryland

50 100

crSKRC

Engineering and Physical Sciences
Research Council

Fundag:ao para a Clencm e aTecnologla Cg

MARIE CURIE ACTIONS



Tinkham, Arutyunov

Mermin-Wagner
theorem

L ow dimensions

No true

superconductivity ) g T (K)
100 e
Quantum

fluctuations

Thermal
Fluctuations




‘A(r, t) ‘ele('r,t)

Finite
Fluctuation EAGRYEAY | Resistance

Phase-slips RN

R e —Sinst

Thermal Kosterlitz
Langer & Ambegaokar, Large

PR. 164, 498 (1967). Thouless
McCumber & Halperin tl’anSItIOn | nStantOnS

PRB 1, 1054 (1970).

Quantum
Zaikin, A. D., Golubey, et al, TCKT < TCMF

PRL 78, 1552 (1997).



Early Experiments
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Cuprates high T. Heterostructures
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lron Pnictides Heterostructures
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1d U <0, T=0, Hubbard model

Korepin, 1989
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Coulomb and dissipation
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Dissipation = Long range hopping in time
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Why not

long-range
o order in 1d? ,
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Phase coherence in 1d by
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1d Hubbard + power-law hopping
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Impossible review
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Bosonization
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Self-consistent harmonic approximation (SCHA)

Koy

mu

ZﬁL qun (q) 0 9

Fvar:Fﬂ+'T<5_8D>D

u

T

1

BL

= w2

q}'

T K[IQ—QCE

(1 —cosk'r)go (')

.rfr

2T up L o 1 —coskr
a / 2ax




r 3—2«x

3 2a_1/2K
Am a2 L(= l]smf ) (valid for nn < 1)
= 4 2K(E—20) 2
k&i*rr?{—“f' (—2a) sin (Tav) (valid for 7> T' (3 — o))
r<1 31
c =

Kren > 1

A>1 a. =3/2




a > 3/2 Quasi long-range order

1/2 < a<3/2 Long-range order
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Bosonization:Correlations
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Numerical: DMRG N/L~0.15 U=-20 A =1




Averaged correlation C(r)
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Correlation function C(r)
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Spin Chains with long-range interactions

Does the phase diagram
depends on A?

No, Fisher, Phys. Rev. Lett. 29, 917 (1972).
Yes, J. Sak, Phys. Rev. B 8, 281 (1973).

Summary: Blotte, Phys. Rev. Lett. 89, 025703 (2002)

Recent: Sperstad, Phys. Rev. B 85, 214302 (2012)
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Variable-Range Interactions in Trapped lon

Quantum Simulators
Islam, Monroe, Science 340, 583 (2013) Bollinger, Britton, Nature 484, 489 (2012)
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Different tricks are available to restore LRO In low
dimensional superconductors

Different tricks are available to enhance
superconductivity in low dimensions

Let’'s combine this so that:

Substantial enhancement of T,

THANKS!



