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Promotion of SC in twisted multilayers

Å No electric  field  is required
Å Ὕ ƟƇ0.5 ƕ2 K
Å No clear Pauli limit  violation  

Å No electric  field  is required
Å Ὕ ƟƇņƇƕŇŚŊƇP
Å Large Pauli limit  violation  
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Superconductivity in RTG Superconductivity in BBG 

H Zhou, L. Holleis, et. al. Science 375, 6582 (2022)

Å YÍÍÉƇ·ăăìßÍÉƇÍìÍÄĐĆßÄƇŀÍìÉ
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Å løÃĔĊĐƇp+ƇĔăƇĐøƇὄ᷆ƇƇƟƇŅŚňƇvŚ
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Å Requires ὄ᷆   ƟƇņŊŅƇmT
Å Ὕ ƟƇƇŇŋƇmK for  hole doping near the  vHs. 
Å Robust SC up to  ὄ᷆   ƟƇŅŚōƇvŚ

Å Need applied  electric  field .
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Quarter-metal (chiral) SC in rhombohedral tetralayer graphene
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Motivation

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

fƣШŔƚШĦũĲċƖШƣőċƣШƓŸũċƖŔǍĲĬШƓőċƚĲƚШċƖĲШĬƖŔƻĲŰШĤǃШĲũĲĦƣƖŸŰŔĦШŔŰƣĲƖċĦƣŔŸŰƚв
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Isospin polarized phases in R4G
Rhombohedral (ABC) 
tetralayer graphene

G. Parra-Martínez, A. Jimeno-Pozo, V. T. Phong, H. Sainz-Cruz, D. Kaplan, P. Emanuel, Y. Oreg, P. A. Pantaleón, 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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fƚŸƚƓŔŰШƓŸũċƖŔǍĲĬШƓőċƚĲƚШŔŰШÅΠ]
Rhombohedral (ABC) 
tetralayer graphene

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

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

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

Hartree-Fock phase diagram
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The Kohn-Luttinger-RPA framework

Friedel oscillations
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The Kohn-Luttinger-RPA framework
The Kohn-Luttinger (second-order) diagrams
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ÑőĲШuŸőŰрxƨƣƣŔŰŊĲƖрÅÂ ШŉƖċůĲƽŸƖť

The bare Coulomb potential
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The Kohn-Luttinger-RPA framework

The screened Coulomb potential
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The Kohn-Luttinger-RPA framework
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The Kohn-Luttinger-RPA framework
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ÑőĲШuŸőŰрxƨƣƣŔŰŊĲƖрÅÂ ШŉƖċůĲƽŸƖť

Random phase approximation

Gap equation
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The Kohn-Luttinger-RPA framework
1) Electronic band structure and eigenfunctions 

3) Screened interaction at RPA 

ΞьШEũĲĦƣƖŸŰŔĦШƚƨƚĦĲƓƣŔĤŔũŔƣǃ

4) Interaction kernel
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The Kohn-Luttinger-RPA framework
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The Kohn-Luttinger-RPA framework
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]ƨŔũũĳŰЯШ]ЮШ]ЮШ ċƨůŔƚЯШċŰĬШÂЮШ ЮШÂċŰƣċũĲŹŰЮШÑŸƓŸũŸŊŔĦċũЮÉƨƓĲƖĦŸŰĬƨĦƣŔƻŔƣǃЮŔŰЮcĲċƻŔũǃЮ?ŸƓĲĬЮÉŔŰŊũĲцxċǃĲƖЮ]ƖċƓőĲŰĲЮШ
9ÉШŰċŰŸШΝΥШыΡΝьЯШΟΠΥΠΞрΟΠΥΡΤШыΞΜΞΠьЮ
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]ƨŔŰĲċЯШċŰĬШ9ЮШ ЮШxċƨЮШ?ŸƨĤũĲцĲĬŊĲĬЮÅŸũĲЮŸŉЮfŰƣĲƖċĦƣŔŸŰƚЮŔŰЮÉƨƓĲƖĦŸŰĬƨĦƣŔŰŊЮÑƽŔƚƣĲĬЮ7ŔũċǃĲƖЮ]ƖċƓőĲŰĲдЮ ċƣƨƖĲШÂőǃƚŔĦƚШыΞΜΞΣьЮ

The Kohn-Luttinger-RPA framework
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Chiral SC in quarter-metal R4G
ÅőŸůĤŸőĲĬƖċũШы 79ьШ
ƣĲƣƖċũċǃĲƖШŊƖċƓőĲŰĲ
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Hartree-Fock phase diagram
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Chiral SC in quarter-metal R4G

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

Hartree-Fock phase diagramÉĦƖĲĲŰĲĬШcċƖƣƖĲĲр[ŸĦťрÅÂ ШƓƖŸĦĲĬƨƖĲШŉŸƖШƚƨƓĲƖĦŸŰĬƨĦƣŔƻŔƣǃШ
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9őŔƖċũШÉ9ШŔŰШƕƨċƖƣĲƖрůĲƣċũШÅΠ]

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

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

G. Parra-Martínez, A. Jimeno-Pozo, V. T. Phong, H. Sainz-Cruz, D. Kaplan, P. Emanuel, Y. Oreg, P. A. Pantaleón, 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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ÉĦƖĲĲŰĲĬШ9ŸƨũŸůĤШƓŸƣĲŰƣŔċũ Critical temperature

Chiral SC in quarter-metal R4G

G. Parra-Martínez, A. Jimeno-Pozo, V. T. Phong, H. Sainz-Cruz, D. Kaplan, P. Emanuel, Y. Oreg, P. A. Pantaleón, 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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Order parameter 9ƖŔƣŔĦċũШƣĲůƓĲƖċƣƨƖĲ

9őŔƖċũШÉ9ШŔŰШƕƨċƖƣĲƖрůĲƣċũШÅΠ]

G. Parra-Martínez, A. Jimeno-Pozo, V. T. Phong, H. Sainz-Cruz, D. Kaplan, P. Emanuel, Y. Oreg, P. A. Pantaleón, 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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Order parameter

Chiral SC in quarter-metal R4G

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

[ŸƨƖŔĲƖШĬĲƚĦŸůƓŸƚŔƣŔŸŰШŸŉШƣőĲШŸƖĬĲƖШƓċƖċůĲƣĲƖ
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7ŸŰƨƚаШƓċƖƣŔċũũǃШƓŸũċƖŔǍĲĬШƓőċƚĲƚШŔŰШÅы рũċǃĲƖь]
Rhombohedral (ABC) 
tetralayer graphene

Isospin polarized phases
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Bonus: partially polarized phases in R(N-layer)G
Isospin polarized phasesfƚŸƚƓŔŰШƓċƖƣŔċũũǃШƓŸũċƖŔǍĲĬШƓőċƚĲƚ
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G. Parra-Martínez, A. Jimeno-Pozo, J. A. Silva-Guillén, and F. Guinea. Nematic and Partially Polarized Phases in 
Rhombohedral Graphene with Varying Number of Layers: An Extensive HartreeшFock Study. Adv. Mater. (2025): e14008.
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Conclusions
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ƣĲůƓĲƖċƣƨƖĲШċŰĬШƚǃůůĲƣƖǃШŸŉШƣőĲШŸƖĬĲƖШƓċƖċůĲƣĲƖШŔŰШƓċƖƣŔĦƨũċƖШƚǃƚƣĲůƚШŸŉШŔŰƣĲƖĲƚƣЮ

Å9ċũĦƨũċƣŔŸŰƚШĦũŸƚĲũǃШƖĲƚĲůĤũĲШƣőĲШĲǂƓĲƖŔůĲŰƣċũШƓőĲŰŸůĲŰŸũŸŊǃШċĦƖŸƚƚШƣőƖĲĲШŸƖĬĲƖƚШŸŉШůċŊŰŔƣƨĬĲШŔŰШƚĲƻĲƖċũШ
ŊƖċƓőĲŰĲШůƨũƣŔũċǃĲƖƚШыůŸŔƖĳШċŰĬШŰŸŰрůŸŔƖĳьЮШ

ÅfŰШƣőĲШĦċƚĲШŸŉШƖőŸůĤŸőĲĬƖċũШƣĲƣƖċũċǃĲƖШŊƖċƓőĲŰĲЯШƽĲШƣċťĲШċШŉƨƖƣőĲƖШƚƣĲƓШĤǃШǯƖƚƣШċŰċũǃǍŔŰŊШƣőĲШƚƣċĤŔũŔƣǃШŸŉШƣőĲШ
ƕƨċƖƣĲƖрůĲƣċũШƓőċƚĲШыƓċƖĲŰƣШƚƣċƣĲШŸŉШÉ9ШƓőċƚĲьШċŰĬШƣőĲŰШŸĤƣċŔŰШċШƚƨƓĲƖĦŸŰĬƨĦƣŔŰŊШƓőĲŰŸůĲŰŸũŸŊǃŔŰШũŔŰĲШƽŔƣőШƣőĲШ
ĲǂƓĲƖŔůĲŰƣƚШĤŸƣőШŔŰШƣĲƖůƚШŸŉШƣőĲШĦƖŔƣŔĦċũШƣĲůƓĲƖċƣƨƖĲШċŰĬШƣőĲШĲũĲĦƣƖŸŰŔĦШĬĲŰƚŔƣŔĲƚШċƣШƽőŔĦőШƣőĲШƚƨƓĲƖĦŸŰĬƨĦƣŔŰŊШ
ƖĲŊŔŸŰШċƓƓĲċƖƚЮ
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