Pairing in SrTiOa:

Aspects of the ferroelectric critical point

Jonathan Ruhman
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Superconductivity in doped materials
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For bulk SC — only long-ranged interactions are important



Main candidates for pairing in STO

. Coulombic superconductivity:
The Gurevich-Larkin-Firsov (GLF) mechanism
. Lower dimensional / filamental superconductivity

(credit to Jeremy Levy)
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. Pairing from FE quantum fluctuations



FE transition is a structural transition

Paraelectric (disordered) Ferroelectric (ordered)
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TheorY for FE QCP

Khmelmitskii & Shneerson (1971)

L, = w|0f — Ai(M|w; + By(us + uf + up) + B (udu2 + uZuz + uiu?)

QZ
Ap(q) = wid + (CLZ + q—§> qjq + ci(a®8; — q;q1) + aqi s

Tuning —Qq-u +Q0q-u

parameter COUlomb — > - — — €t > 5 —>

interaction

(a) Longitudinal optical (LO) (b) Transverse optical (TO)
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TheorY for FE QCP

Khmelmitskii & Shneerson (1971)

L, = w|0f — Ai(M|w; + Br(us + uj + up) + Bo(uzu2 + uZuz + uiu?

QZ
Ap(q) = wid + <CL2 + q—§> qjq + ci(a®8; — q;q1) + aqi s

A a) (a) Longitudinal optical (LO) (b) Transverse optical (TO)
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The dipole-dipole interactions force the polarization
vectors to become transverse in the g — 0 Ilimit

(JR & Lee PRB 2019)



Theory for FE QCP — with electron doping
L, = w|0f — Ai(M|w; + By(ux + uf + up) + B2 (udu2 + uZuz + uiu?)

QZ
[1+ €e.(w,q)]q*

/

A1 (q) = wFé; + <CL )CIjCIl +c(q%6 — q;q1) + aq? 8y

4re?
et M(w, q)

(00

€e (CL), q) - =

For g — 0 we have €,(w, ) ~ —w;/w* and therefore:

1. ForQ, > w,: same as undoped limit

2. For ), K w, : w, = wr & transition is non-polar case i MG i

In STO Q,, ~ 97 meV - fits to option 1....
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Theory for FE QCP — the el-ph coupling

ZQpa)p
q° (

- - +
q- u)Ck+qu

Frohlich coupling - L7, = —\/T

(only longitudinal mode)



Theory for FE QCP — the el-ph coupling

m2Qpwp
Llélo—ph = _\/; qz (q ' u)cl-(l_+qck

Frohlich coupling -

(only longitudinal mode)

. . . soc _ + T = —
Spin-orbit coupling - L=, = « [Ck_l_g (k X a) Ck_g] U
Kozii & Fu 2015 : Gastiasoro et. al. 2020 2



Theory for FE QCP — the el-ph coupling
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Theory for FE QCP — the el-ph coupling

m 2€).,w
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Frohlich coupling - .

(only longitudinal mode)
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Kozii & Fu 2015 : Gastiasoro et. al. 2020 2

@ = [dr 61, () P2 6y, - 9

@ PI ®
@



Theory for FE QCP — the el-ph coupling

m2Qpwp
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Frohlich coupling -

(only longitudinal mode)
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To understand such a theory we started from a
Dirac pOint COUpIEd toa FE QCP PRX 9 031046 (2019)
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j Removes Coulomb repulsion

Generates long-ranged interaction
(gapless mode)
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In summary, to understand the importance of
FE fluctuations we need...

At q—> 0 Coulomb forces make soft mode q
transverse

There is a direct coupling to through SOC

soc  _ + (7o = -
Loi—pn = @ [ck+% (k X a) ck_%] ‘Ug
In Dirac systems in the relativistic limit this
causes low-density SC.

(In STO one needs to check ... )

Ferroelectric Paraelectric
wsm DSM

Temperature

b

Missing factors: disorder, phonon-phonon

interaction, strong coupling effects ...
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GLF theory to STO

Gurevich, Larkin and Firsov 1961, Takada 1980, JR & Lee 2016, Klimin et. al. 2018,
Wolfle & Balatsky 2018, Rowely et. al. 2018 ...
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The s-wave pairing vertex
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GLF theory to STO

Gurevich, Larkin and Firsov 1961, Takada 1980, JR & Lee 2016, Klimin et. al. 2018,
Wolfle & Balatsky 2018, Rowely et. al. 2018 ...
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The s-wave pairing vertex [(iwn, k,p) = ggdﬂch(@wm k —p)
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Gastiasoro, JR & Fernandes, 2020

e Works surprisingly well, but has issues of validity

* Predictive power, phenomenological consequences?



Lower dimensional / filamental SC

Lower dimensional states have larger density
of states
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