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Unconventional SC in TBG Promotion of SC in twisted multilayers
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Motivation
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Superconductivity in RTG Superconductivity in BBG SOC enhanced SC in BBG+WSe,
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Quarter-metal (chiral) SC in rhombohedral tetralayer graphene
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T. Han, Z. Lu, Z. Hadjri, et al. Signatures of chiral
superconductivity in rhombohedral graphene.
Nature 643, 654-661 (2025)
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Motivation

Normalized carrier density, n (cm‘z)
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It is clear that polarized phases are driven by electronic interactions...

Could electronic interactions be the reason behind this kind of
unconventional superconductivity in these graphene stacks?
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Isospin polarized phases in R4G

Rhombohedral (ABC)
tetralayer graphene

G. Parra-Martinez, A. Jimeno-Pozo, V. T. Phong, H. Sainz-Cruz, D. Kaplan, P. Emanuel, Y. Oreg, P. A. Pantaledn, J. A. Silva-Guillén,
and F. Guinea. Band Renormalization, Quarter Metals, and Chiral Superconductivity in Rhombohedral Tetralayer Graphene.
Phys. Rev. Lett. 135, 136503 (2025).
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Isospin polarized phases in R4G

Rhombohedral (ABC) ' . .
tetralayer graphene Mean-field approximation
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Isospin polarized phases in R4G

Rhombohedral (ABC)
tetralayer graphene

Phys. Rev. Lett. 135, 136503 (2025).

Isospin polarized phases

Isospin polarized states

Full metal FM (o, o0, 00, ) . .
[ L)
Half metal HM (cr,0,0,0) . .
Quarter QM (a,0,0,0) .
metal
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Isospin polarized phases in R4G

Rhombohedral (ABC) Hartree-Fock phase diagram
tetralayer graphene
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The Kohn-Luttinger-RPA framework

NEW MECHANISM FOR SUPERCONDUCTIVITY* Friedel oscillations
W. Kohn

University of California, San Diego, La Jolla, California

and

J. M. Luttinger

Columbia University, New York, New York
(Received 16 August 1965)

We find that
a weakly interacting system of fermions can- 20 -
not remain normal down to the absolute zero — T T T 1
of temperature, no matter what the form of
the interaction. r'-k,:

Polarized phases and chiral superconductivity in multilayer graphene A. Jimeno-Pozo | DIPC



The Kohn-Luttinger-RPA framework

NEW MECHANISM FOR SUPERCONDUCTIVITY*
W. Kohn
University of California, San Diego, La Jolla, California
and

J. M. Luttinger

Columbia University, New York, New York
(Received 16 August 1965)

The Kohn-Luttinger (second-order) diagrams

We find that
a weakly interacting system of fermions can-
not remain normal down to the absolute zero
of temperature, no matter what the form of
the interaction.
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The Kohn-Luttinger-RPA framework

The bare Coulomb potential

V(q)
V(r)
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The Kohn-Luttinger-RPA framework

The screened Coulomb potential

VSCI" (q)
VSCI'(r)
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The Kohn-Luttinger-RPA framework
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The Kohn-Luttinger-RPA framework
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The Kohn-Luttinger-RPA framework

Random phase approximation
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The Kohn-Luttinger-RPA framework

1) Electronic band structure and eigenfunctions
Enak wn,k

2) Electronic susceptibility
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The Kohn-Luttinger-RPA framework
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The Kohn-Luttinger-RPA framework

Critical Temperatures of Graphene Superconductors
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The Kohn-Luttinger-RPA framework
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Chiral SC in guarter-metal R4G

Rhombohedral (ABC) Hartree-Fock phase diagram
tetralayer graphene

1 2 3 4 5
n,(10"%cm)

G. Parra-Martinez, A. Jimeno-Pozo, V. T. Phong, H. Sainz-Cruz, D. Kaplan, P. Emanuel, Y. Oreg, P. A. Pantaledn, J. A. Silva-Guillén,
and F. Guinea. Band Renormalization, Quarter Metals, and Chiral Superconductivity in Rhombohedral Tetralayer Graphene.
Phys. Rev. Lett. 135, 136503 (2025).
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Chiral SC in guarter-metal R4G

Screened Hartree-Fock-RPA procedure for superconductivity Hartree-Fock phase diagram
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Chiral SC in quarter-metal R4G

Screened Hartree-Fock-RPA procedure for superconductivity

|
|

G. Parra-Martinez, A. Jimeno-Pozo, V. T. Phong, H. Sainz-Cruz, D. Kaplan, P. Emanuel, Y. Oreg, P. A. Pantaledn, J. A. Silva-Guillén,
and F. Guinea. Band Renormalization, Quarter Metals, and Chiral Superconductivity in Rhombohedral Tetralayer Graphene.
Phys. Rev. Lett. 135, 136503 (2025).

Polarized phases and chiral superconductivity in multilayer graphene A. Jimeno-Pozo | DIPC




Chiral SC in guarter-metal R4G

Screened Hartree-Fock-RPA procedure for superconductivity
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Chiral SC in guarter-metal R4G

Screened Coulomb potential Critical temperature
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Chiral SC in quarter-metal R4G

Order parameter Critical temperature
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Chiral SC in guarter-metal R4G

Order parameter Fourier descomposition of the order parameter
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Bonus: partially polarized phases in R(N-layer)G

Rhombohedral (ABC)
tetralayer graphene
o2 20 00
Oq
SRR 0 0@
1 Y2 2
wio- - - - -@ @ | D0 -
V3 | Y4
° ’}"0\ /
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Isospin polarized phases

Isospin polarized states

Full metal FM (o, o0, 00, ) ::
Half metal HM (cr,0,0,0) . .
Quarter QM (a,0,0,0) .
metal
Three-
quarter TQM (a, @, @, 0) . .
metal .
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Isospin partially polarized phases

Partially isospin polarized states

Bonus: partially polarized phases in R(N-layer)G
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Bonus: partially polarized phases in R(N-layer)G
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* Motivation.

* |sospin polarized phases in R4G.
* The KL-RPA framework.

* Chiral SCin quarter-metal R4G.

e Conclusions.
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Conclusions

e Strong electron correlations enhanced by van Hove singularities give rise to isospin-polarized phases in graphene
stacks.

* Superconductivity in graphene stacks may be mediated by an unconventional mechanism.

* By applying a Kohn-Luttinger inspired approach we can solve the linealized gap equation and obtain the critical
temperature and symmetry of the order parameter in particular systems of interest.

* Calculations closely resemble the experimental phenomenology across three orders of magnitude in several
graphene multilayers (moiré and non-moiré).

* Inthe case of rhombohedral tetralayer graphene, we take a further step by first analyzing the stability of the
quarter-metal phase (parent state of SC phase) and then obtain a superconducting phenomenology in line with the
experiments both in terms of the critical temperature and the electronic densities at which the superconducting
region appears.
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Chiral SC in quarter-metal R4G

Superconductivity in the non-interacting rhrombohedral tetralayer
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Chiral SC in quarter-metal R4G

Nematicity in rhombohedral tetralayer graphene tetralayer
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Bonus: partially polarized phases in R(N-layer)G
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uperconductivity from electronic interactions and spin-orbit enhancement in bilayer

and trilayer graphene

Screened Coulomb potential
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uperconductivity from electronic interactions and spin-orbit enhancement in bilayer
and trilayer graphene
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uperconductivity from electronic interactions and spin-orbit enhancement in bilayer

The role of Ising SOC in Bernal bilayer graphene

and trilayer graphene
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uperconductivity from electronic interactions and spin-orbit enhancement in bilayer

and trilayer graphene
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uperconductivity from electronic interactions and spin-orbit enhancement in bilayer

The role of Ising SOC in Bernal bilayer graphene

and trilayer graphene
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uperconductivity from electronic interactions and spin-orbit enhancement in bilayer

The role of Ising SOC in Bernal bilayer graphene

and trilayer graphene
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uperconductivity from electronic interactions and spin-orbit enhancement in bilayer

The role of Ising SOC in Bernal bilayer graphene

and trilayer graphene
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Charge fluctuations, phonons, and superconductivity in multilayer graphene

The effect of electron-phonon interaction
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Charge fluctuations, phonons, and superconductivity in multilayer graphene

Z Li, XKuang, A Jimeno-Pozo, H Sainz-
Cruz, Z Zhan, S Yuan, and F Guinea.
Physical Review B 108 (4), 045404 (2023)
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Evolution of superconductivity in twisted graphene multilayers

Parametrized transition between TBG-TDBG band structures

Hrppa(k) =
(’Hl(k) kTh (k) 0 0 \
kT (k) Hi(k)  To(r) 0

0 T(r) Hak) Ta(k)
L0 0 KT k)

M Long, A Jimeno-Pozo, H Sainz-Cruz, PA Pantaledn,
and F Guinea. PNAS 121 (32), e2405259121 (2024)
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Evolution of superconductivity in twisted graphene multilayers

Superconductivity along the parametrized transition
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Evolution of superconductivity in twisted graphene multilayers

Superconductivity in the TDBG limit Superconductivity in the TBG limit as a

function of the external electric field
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Evolution of superconductivity in twisted graphene multilayers

Contributions to the superconducting instability in twisted stacks
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Evolution of superconductivity in twisted graphene multilayers

Quantum metric as a proxy for the superconducting instability in twisted stacks
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The Kohn-Luttinger-RPA framework: Acoustic phonons

Electron-phonon dressing (with longitudinal acoustic phonons)
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The Kohn-Luttinger mechanism - patches model

The ‘patches’ model

S. Maiti and A. V. Chubukov. Superconductivity from repulsive
\ interaction. AIP Conference Proceedings, 1550, 3—73 (2013).

(S I'kq=—V(k—q)log(8A)
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The Kohn-Luttinger mechanism - patches model

The ‘patches’ model

S. Maiti and A. V. Chubukov. Superconductivity from repulsive
\ interaction. AIP Conference Proceedings, 1550, 3-73 (2013).

(S I'kq=—V(k—q)log(8A)

The superconducting kernel

O Q g1 92

V(ki — ki) = g1 g2 g1
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The Kohn-Luttinger mechanism - patches model

The ‘patches’ model

S. Maiti and A. V. Chubukov. Superconductivity from repulsive
\ interaction. AIP Conference Proceedings, 1550, 3—73 (2013).
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The Kohn-Luttinger mechanism - patches model

The ‘patches’ model
S. Maiti and A. V. Chubukov. Superconductivity from repulsive
| ] \ interaction. AIP Conference Proceedings, 1550, 3-73 (2013).
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The Kohn-Luttinger mechanism - patches model

Cuprates The ‘patches’ model

S. Maiti and A. V. Chubukov. Superconductivity from repulsive
- \.u interaction. AIP Conference Proceedings, 1550, 3-73 (2013).
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The Kohn-Luttinger mechanism - patches model

The ‘patches’ model

S. Maiti and A. V. Chubukov. Superconductivity from repulsive
interaction. AIP Conference Proceedings, 1550, 3-73 (2013).
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