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® Interactions and phase diagram in twisted graphene bilayers

® Superconductivity in graphene stacks.
® Novel features in rhombohedral graphene.
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Strongly correlated systems
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Independent superconductors and correlated
insulators in twisted bilayer graphene
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Superconductivity and strongly correlated phases in carbon compunds

Superconductivity

Dirac cones reshaped by interaction effects in
suspended graphene

Graphite intercalation compounds, such as C,Ca, Fractional quantum Hall effect and insulating phase
n>104 cm=2.T. ~1— 10K of Dirac electrons in graphene
= )y L ¢

Xu Du't, Ivan Skachko', Fabian Duerr', Adina Luican' & Eva Y. Andrei’

Landau levels

Observation of the fractional quantum Hall effect
in graphene

Kirill 1. Bolotin'*t, Fereshte Ghahari'*, Michael D. Shulman®, Horst L. Stormer"? & Philip Kim'*?

Alkali intercalated fullerenes, such as Rb;Cq,
T, ~ 10 — 40K




Interactions in twisted bilayer graphene

Number of atoms:

Moiré unit length:

Radius of the charge dictril..af---

Coulomb energy: e?
Ec = ET~10 — 50 meV
Cc

Intraatomic (Hubbard) repulsion:

U
Etubbara = N X m ~ 1 meV

D? 1

Electron-phonon coupling, LA: g = m X m ~ 1 meV
M

(tB)? 1

. o = X ——— ~ 1 meV
Electron-phonon coupling, TA: g u V3122




Shapes and widths of the bands: theory

PHYSICAL REVIEW B 100, 205113 (2019)

Electronic band struct: Ibl B=108", n=2

Electrostatic effects, band distortions, and
superconductivity in twisted graphene bilayers

PHYSICAL REVIEW B 98, 235158 (2018) Francisco Guinea®®'2 and Niels R. Walet®'2
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Charge-transfer insulation in twisted bilayer graphene 1317413179 PNAS | December 26,2018 | vol. 115 | no.52

Louk Rademaker'- and Paula Mellado™?

PHYSICAL REVIEW LETTERS 129, 047601 (2022)
[ Festured in Physics ]

Magic-Angle Twisted Bilayer Graphene as a Topological Heavy Fermion Problem

Zhi-Da Song and B. Andrei Bemevig™™
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PHYSICAL REVIEW B 106, L161101 (2022)

Interaction-enhanced topological Hall effects in strained twisted bilayer graphene

Pierre A. Pantaleén®,'” Vo Tién Phong.” " Gerardo G. Naumis,® and Francisco Guinea'**
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Cascade of phase transitions in twisted bilayer graphene
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Cascade of phase transitions and Dirac
revivalsinmagic-anglegraphene

PHYSICAL REVIEW B 102, 045107 (2020)

Band structure and insulating states driven by Coulomb interaction in twisted bilayer graphene

Tommaso Cea™' and Francisco Guinea'?

ern insulators, van Hove singularities and

The long range Coulomb interaction
gives a qualitative explanation of the
band deformations, and of the broken

symmetry phases of twisted bilayer
graphene.

It does not identify details of the
broken symmetry phases.

Douglas R. Hartree Vladimir A. Fock




Superconductivity in twisted bilayer graphene. Some theoretical models

Electron-phonon coupling:
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Electron-electron coupling: effect of van Hove singularities:

Y. Lin, R. M. Nandkishore, Phys. Rev. B 21, 214521 (2018)
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V. T. Phong, P. A. Pantaleon, T. Cea, F. G., Phys. Rev. B 104, L121116 (2022)
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Coulomb interaction:
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Long range interactions and superconductivity: the Kohn-Luttinger mechanism
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W. Kohn ‘ [ A

University of California, San Diego, La Jolla, California

and

J. M. Luttinger

Phys. Rev. Lett. 15, 524 (1965)

Walter Kohn Joaquin M. Luttinger

Superconductivity mediated by
electron-hole pairs

For electrons in metals we can make esti-
mates using a screening Coulomb potential.
It is easily seen that in the high-density lim-
it #(0) dominates and becomes u(0) =7*/mkg;
therefore,

grams up to the s®yggg@ffrder which contribute to the
irreducible scattering vertex.

(& TC ;’EG]I ~exp|-(27)4].

We also mention that since the electron-
phonon interaction is screened by the same
kind of mechanism, it too should contribute
to long-range effects.




d-wave superconductivity in cuprates

HgBa,CuO,,s YBa,Cu;0q,5
®

For electrons in metals we can make esti-
mates using a screening Coulomb potential.
It is easily seen that in the high-density lim-
it #(0) dominates and becomes u(0) =7*/mkg;
therefore,

(& TC ;’EG]I ~exp|-(27)4].
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Chiral superconductivity from repulsive
interactions in doped graphene

Rahul Nandkishore', L. S. Levitov' and A. V. Chubukov?*
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Low energy excitations and charge excitations:

Electron-hole pairs, plasmons, and phonons

plasmon
, ——=+==sically undamped plasmon modes in narrow
\_~ /lon bands

andowski*' and Leonid Levitov®

: iPNAS 116, 20829 (2019)
phonon 3| & : o _ logIm [—1/e(w,q)]

Particle-hole
continuum

Coulomb interaction, phonons, and superconductivity
in twisted bilayer graphene

Tommaso Cea™" and Francisco Guinea™*'

Theory of intrinsic acoustic plasmons in twisted bilayer graphene

Lorenzo Cavicchi®,! Tacopo Torre®. > Pablo Jarillo-Herrero,* Frank H. L. K<.»ppcns."" and Marco Polini*®
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Repulsive interactions and pairing

RPA resummation

® Longitudinal phonons modify the
susceptibility.

® The bare interaction is the
repulsive Coulomb coupling

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

and

J. M. Luttinger

Phys. Rev. Lett. 15, 524 (1965)

We also mention that since the electron-
phonon interaction is screened by the same

FIG. 1. Types of particle-particle interaction dia-
grams up to the second order which contribute to the
irreducible scattering vertex,

kind of mechanism, it too should contribute
to long-range effects.




Results: critical temperature

Critical temperatures

Dependence on dielectric constant

Z02 -01 00 01 02
@ (o)

® Order parameter. Finite gap in each valley
® Consistent with spin singlet/valley triplet or with
spin triplet/valley singlet superconductivity.

Bands, densities of states,
magic angle

® The critical temperature is significantly enhanced by the
electron-phonon interaction.
® Superconductivity correlates with the density of states at the

Fermi level.
® The effect of external screening depends on the strength of
the electron-phonon interaction.




Superconductivity in twisted trilayers
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Tunablestrongly coupled superconducti
inmagic-angle twisted trilayer graphene
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Electric field-tunable superconductivity in
alternating-twist magic-angle trilayer graphene

Zeyu Hao™, A. M. Zimmerman', Patrick Ledwith", Eslam Khalaf", Danial Haie Najafabad?’,
Kenji Watanabe?, Takashi Taniguchi®, Ashvin Vishwanath, Philip Kim't
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Quadilayer

Pentalayer

Superconductivity in twisted multilayers

nature ARTICLES
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Superconductivity in twisted trilayers: theory

PHYSICAL REVIEW B 104,
[ leter |

Band structure and superconductivity in twisted trilayer graphene

V& Tién Phong.' Pierre A. Pantaleén©.” Tommaso Cea®,” and Francisco Guinea™




Superconductivity in graphene without a moire superlattice

Superconductivity inrhombohedral trilayer Isospin magnetism and spin-polarized
graphene superconductivity in Bernal bilayer graphene

Haoxin Zhou'{, Ludwig Holleis', Yu Saito®, Liam Cohen®, William Huynh?, Caitlin L. Patterson’,
Fangyuan Yang', Takashi Taniguch?, Kenji Watanabe®, Andrea F. Young'*
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Superconductivity in graphene without a moiré superlattice: theory

PHYSICAL REVIEW B 107, L161106 (2023)
[ Letter |

PHYSICAL REVIEW B 105, 07,

Superconductivity from repulsive interactions in rhombohedral trilayer graphene:

A Kol Luttinger ke mechanism Superconductivity from electronic interactions and spin-orbit enhancement
P : in bilayer and trilayer graphene

Alejandro Jimeno-Pozo®.':" Héctor Sainz-Cruz®,' Tommaso Cea,'” Pierre A. Pantaleén®.' and Francisco Guinea'-*
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FIG. 3. Ising spin-orbit coupling enhancement of critical temper-
ature in hole-doped (a) BBG. for which 7. augments by a factor
of 4 and saturates at 4; =4 meV. (b) RTG, for which 7, due to
long-range interactions (blue) augments by a factor of 2 and saturates

1 meV. In contrast, Ising SOC is detrimental to short-range
tions, so T, does not increase much when they are included
(green).




Superconductivity graphene without a moiré superlattice:effective attraction
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PHYSICAL REVIEW B 88, 054515 (2013) Saurabh Nai
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Effect of spin-orbit coupling
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Interactions and superconductivity in heavily dopeu mvivo;
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PHYSICAL REVIEW B 107, L041111 (2023)
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Superconductivity induced by the intervalley Coulomb scattering in a few layers of g
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SOC, due to flavor polarization,
lowers screening, and increases
both repulsion and attraction

Order parameter and intervalley interactions
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Charge fluctuations, phonons, and superconductivity in multilayer graphene

Ziyan Li®,"? Xueheng Kuang."? Alejandro Jimeno-Pozo®,? Héctor Sainz-Cruz®,”
2 2.4

Zhen Zhan® " Shengjun Yuan®,"* and Francisco Guinea
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Tuning repulsive interactions and superconductivity

nature physics Coulomb screening of superconductivity in magic-angle twisted

bilayer graphene
Article
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A.K. Geim'?', S. Adam®%7" and Alexey |. Berdyugin®* 't

Double-edged role ofinteractionsin
superconducting twisted bilayer graphene
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Twisted double bilayer and helical trilayer graphene

Interlayer Coupling Driven Superconductivity in Twisted Double Bilayer Graphene

Min Long.!'? * Alejandro Jimeno-Pozo,? * Héctor Sainz-Cruz.? Pierre A. Pantaleén.!> T and Francisco Guinea®%5

arXiv:2401.09667, PNAS 121 (32) e2405259121 (2024)
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Critical temperature, T_(K)

Long range electron-electron interactions and superconductivity in
graphene stacks

Strongest interaction in twisted bilayer graphene
Few adjustable parameters, e = 6 — 10
Describes well general trends

Broken symmetry phases not included

Coulomb Deformation potential
Electronic bands potential and elastic constants
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Other recent RPA+KL calculations of superconductivity

Topological superconduct y from repulsive intera ms in twisted WSe,
Intravalley spin-polarized superconductiv in rhombohedral tetralayer graphene

Daniele Guerci,"* Daniel Kaplan,? T Julian Ingham.>"' J. H. Pixley.>! and Andrew Millis® !

arXiv:2408.16075 o
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Soft spin and valley modes, broken symmetries
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Spin, valley, ..., waves Charge fluctuations



Three dimensional rhombohedral graphite

Bernal graphite ABABAB Rhombohedral graphite ABABAB

About 10% of natural graphite shows rhombohedral stacking (M. Dresselhaus, private communication)



Flat bands in thick rhombohedral multilayers

e(meV)

“Berry Trashcan” Model of Interacting Electrons in Rhombohedral Graphene Universi .
niversity, Baltimore,
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® Metallic bulk: Flat Bands in Topological MediaT

.. ) T. T. Heikkilii*, N. B. Kopnin®-?, and G. E. Volovik*®
FI N Ite d ens Ity Of State @ Low Temperature Laborato, i ity, School of Science and Technology,

the gate is screened
-1
lrp~(e2N(Ep))

AAL TO, Finland

ajum. r’rur f' volo ._Jbaojmn.ht.rf.ﬁ
Recened June 22, 2011

Topological media are systems whose properties are protected by topology and thus are robust to deforma-
tions of the system. In topological insulators and superconductors the bulk-surface and bulk-vortex corre-
spondence gives rise to the gapless Weyl, Dirac or Majorana fermions on the surface of the system and inside
) ) vortex cores. Here we show that in gapless topological media, the bulk-surface and bulk-vortex correspon-
. Se micon d u Ct N g b dence is more effective: it produces topologically protected gapless fermions without dispersion—the fiat
band. Fermion zero modes forming the flat band are localized on the surface of topological media with pro-

. . tected nodal lines [A. P. Schnyder and S. Ryu, Phys. Rev. B 84, 060504(R) (2011); T. T. Heikkild and

Th e pote ntl a I | n d u Ce U G. E. Volovik, JETP Lett. 93, 1)] and in the vortex core in systems with topologically protected Fermi
points (Weyl pomtq) |G. E. Volovik, JETP Lett. 93, 66 (2011)]. Flat band has an extremely singular density

of states, and we show that this plopem may give rise in particular to surface superconductivity which could
(Va | ence ) b an d d own exist even at room temperature.

DOT: 10.1134/50021364011150045

region and screen the

® Rhombohedral graphene:

Vanishing density of sates density of states at the Fermi level,
but zero gap.

There is a flat band at the surface, even in the absence of a
gate. The band is at the neutrality point (nodal system,
drumhead band).




Superconductivity in untwisted tetralayers

Signatures of chiral superconductivity in

rhombohedral graphene Superconductivity and quantized anomalous

Hall effectinrhombohedral graphene

https:/fdoi.org/101038/s41586-025-09169-7  Tonghang Han'®, Zhengguang Lu'%, Zach Hadjri'%, Lihan Shi', Zhenghan Wu', Wei Xu',
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Superconductivity from dual-surface carriers in rhombohedral graphene
2, Kenji
1.8t

1kowitz

More experiments

2013
T=270mK

6 layers

A Hierarchy of Topological and Superconducting States in Rhombohedral Hexalayer
Graphene
Superconductivity and Ferroelectric Orbital Magnetism in

Semimetallic Rhombohedral Hexalayer Graphene

Jinghao Den, , Hongyuan Takashi Taniguchi®, Kenji Watanabe®,

) e
iaomeng Liu'

Jie Shan™®, Kin Fai Mak

6 layers

Y Superconductivity

arXiv:2508.15909

o6 08

(10% em)

6 layers

E (mV/ nm)

K —M - K r— K

re K S
Layer Polarization  -1(bottom) I 1(top)
[




More experiments

Article

Fractional quantum anomalous Hall effectin
multilayer graphene

nature materials

Tunablefractional Chern insul;tors in
rhombohedralgraphene superlattices §) Iaye rs

https:/fdoi.org/10.1038/541586-023-07010-7  Zhengguang Lu'*, Tonghang Han'*, Yuxuan Yao'*, Aidan P. Reddy’, J
—_ 2 2 '
Received: 10ctober 2023 Junseok Seo', Kenji Watanabe®, Takashi Taniguchi®, Liang Fu' & Long

Recev i ihao Huo', Xin Lu®”, Zuo Feng’, Zaizhe Zhang®', Wenxuan Wang',
) s 3
T Qlu Yang', Kenji Watanabe @', Takashi Taniguchi ©°, Kalhul Liu®”,

Zhida Song®'%, X. C. Xie'"", Jianpeng Liu@*" & Xischo Lu@'® 5 I aye rS

06
Dfgg (Vm™)

i, Thibault Charpentier,®
‘hou,! Martin E. Huber,?

and Andrea F. Young! *

c low _high b
Dovice 2, T = 100 mK o (9.0 com— Device 2, T =20 mK

107 10° 10*
) _em—

[ layers

2 (10%em?) (107 em)

13 layers



Some calculations in a fully polarized tetralayer

Chiral finite-momentum superconductivity in the tetralayer graphene
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Band Renormalization, Quarter Metals, and Chiral Superconductivity
in Rhombohedral Tetralayer Graphene
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» nem-M1y/q4

® A variety of polarized phases
® Multiple Lifschitz transitions.
@® Significant trigonal warping
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Figure 1. Hartree-Fock phase diagram. (a) Self-consistently cal-
culated HF phase diagram, showing M /4, M1 /5 and M; phases as
a function of the external displacement field (Ap) and electronic
density (n.). The purple region at low densities and high displace-
ment fields highlights schematically where the nem-M, /4 is expected
to emerge. In (c), we show the calculated phase boundary between

M, /4 and nem-M; /, in the region indicated by a dashed rectangle in The H F den3|ty Of States ShOWS

(a). (b) Representative Fermi surfaces at the same point in parameter . . :
space indicated by the yellow and blue stars in (c) solutions with and an un phyS|Ca| dlp at the Ferml
without C3 symmetry breaking.

energy.

The bands are not suited for

the calculation of

superconductivity.




Superconductivity.
Critical temperature
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b).

® Calculations carried out using
the RPA screened interaction.

® Trigonal warping suppresses
the Cooper instability.

® Narrow slice in phase space
where superconductivity
appears.

Superconductivity.
Order parameter
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Figure 4. Superconducting order parameter. Order parameter of
the leading eigenvalue in the screened Hartree-Fock superconductiv-
ity calculations. (a) Normalized magnitude of the order parameters
and (b) its corresponding phase. The Fermi surface is indicated by
solid white and black lines in each panel, respectively. Calculations

were made at values Ap = 137.5 meV and n, = 6.01 x 10**cm™2
with 7. = 80 mK, marked in Fig. 3 as a yellow star.

p-wave superconductivity

No degeneracy between p, and p_ .
The gap in not pinned to the Fermi
surface

Gapless superconductivity, due to the
par breaking effects oftrigonal
warping. Similar to s-wave
superconductors with magnetic
impurities.



Other works on quarter metal superconductivity

How pairing mechanism dictates topology in valley-polarized superconductors with

Probing superconductivity with tunneling spectroscopy in rhombohedral graphene
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Finite-momentum pairing and superlattice superconductivity
in valley-imbalanced rhombohedral graphene
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Phase diagrams of rhombohedral multilayers
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Nematic and Partially Polarized Phases in Rhombohedral
Graphene with Varying Number of Layers: An Extensive
Hartree—Fock Study

Guillermo Parra-Martinez, Alejandro Jimeno-Pozo, Jose Angel Silva-Guillén,*
and Francisco Guinea*

TQM to TS PPy,
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Same succession of unpolarized, half metal, and quarter metal phases in all systems
Polarized phases stronger on the electron side
Nematic phases, which break (3, also possible
Polarized phases favored by increased band splittings induced by the exchange term
Trigonal warping leads to three hot spots at the Fermi surface, leading to p-wave SC




“Giant” spin-orbit coupling in rhombohedral graphite

New Journal of Physics

The open-access journal for physics

Spin-orbit coupling in a graphene bilayer
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Tight-binding theory of the spin-orbit coupling in graphene
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Spin-orbit coupling and broken spin degeneracy in multilayer graphene
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Spin-orbit in rhombohedral multilayers

Calculation including all p and s orbitals in the valence shell
Projection onto the p, orbitals In collaboration with A. Stern, G.

Parra-Martinez, A. Herando-Pozo,
J. Silva

Atomic spin-orbit coupling  H&X, = Ag¢ z L,s,
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Fermi Surface topology, R4G
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Rhombohedral graphene. A toy model.

In collaboration with A. Bernevig and Y. Sao

Consider only the flat band of a semiinfinite
stack (Berry trashcan approximation),

“Berry Trashcan” Model of Interacting Electrons in Rhombohedral Graphene

SSH approximation

® sublattice A

Tight binding hamiltonian

- vpkel®i\"
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- by Bands with shift due to displacement field.
Approximate quadratic dispersion.
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Flat band dispersion €, =

2m*



Pairing due to long range interactions (Kohn-Luttinger)

screened potential
vo(q) " 1
1+ nvo(@xol@)  nexo(q)

Fermi surface

Vser(q) =

susceptibility

S e, - — Ny
XO(q) = z|<E”|k” + C_I,>|2 k' +4 L
= ET{H_'_EI’ — €ELn

Radius of the flat band:

) Linear equation for the gap
_ VF

74
AZ(TC) ~ —log <F> AZAZ(TC)
c

Gap at zero temperature

See also: Ay~ We™ /14

Dimensionless coupling constant

MK,KI(Eli EZ)
My (k1. k2)

= p(eF)f do il X{ MKKI(kL kz)} v x0(0)

~ 1 (2m ilo
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System dependent parameters, e?, m*, drop out, only dimensionless form factors
remain




Quarter metal. Superconducting coupling constant

Screened
Coulomb
interaction

Negative
Hubbard U




Domain walls in quarter metals |

Reconfigurable chiral superconductivity In CO”abOratlon Wlth V T Phong, E Mele, E
Prada, P. San-Jose, F. Lobo

Surajit Dutta'’, Nadav Auerbach'’, Tonghang Han?', Yaozhang Zhou!, Gal Shavit?,
Niladri-Sekhar Kander, Yuri Myasoedov?, Martin E. Huber®, Kenji Watanabe®, Takashi Taniguchi®,
Long Ju®, and Eli Zeldov'*
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Electronic structure of the domain wall in the
normal state.

The transmision vanishes unless:

® The barrier has the armchair orientation.

® There is intervalley coherence at the barrier.

Electronic structure of the domain wall in the
superconducting state.

® Topological superconductivity.

® Existence of Majorana states.



Critical Temperatures in
Graphene Superconductors

® The long range Coulomb interaction plays
a major role inthe electronic properties of
graphene stacks.

® The main trends of the superconducting
properties are reasonably described using
standard parameters,

TDBG hTTG ABA ABCA ABAB

Coulomb Deformation potential
Electronic bands potential and elastic constants

vp(eVR) vi(eV) ys(eV) vy (eV) A'(eV) gas(eV) gaupleV) dg(nm) e D(eV) A(eVA—2) u(evA-2)

5.253 0.4 0.32 0.044 0.05 0.797 0.0975 40 10 20 3.25 9.44

Rhombohedral
graphene stacks show a
rich electronic behavior
all the way to the 3D
limit
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Electronic charge fluctuations describe a pairing
mechanism which is not suppressed by repulsive
interactions. It is described by few adjustable
parameters.

The role of charge fluctuations is enhanced in
systems with complex electronic wavefunctions, like

twisted bilayer graphene. The strength of Umklapp
processes correlates with the critical temperature.
f-wave symmetry is a possible order parameter in
twisted bilayer graphene.

Superconductivity in a fully polarized is influenced by
trigonal warping, and can be gapless.




Superconducting stiffness: recent resu

gﬂg;;?;;g;ﬂg;‘: ssofmagic-angle twisted Superfluid stiffness of twisted trilayer
graphene superconductors

hittps://dol.org/101038/541586-024-08494-7  Miuko Tanaka'*®, Joel I-/. Wang'?=, Thao H. Dinh®, Danlel Rodan-Legrain', Samela Zaman“,
. 1 140 s :
Recelved: 17 June 2024 Max Hays', Aziza Almanakly'*, Bharath Kannan'**, David K. KImy’, Bethany M. NiedzlelskP®, | https://dolorg/101038/541586-024-08444-3  Abhishek Banerjee”, Zeyu Hao”, Mary Kreldel”, Patrick Ledwith’, Isabelle Phinney',
—_— T KyleSernlak'®, Mollie E. Schwartz®, Kenjl Watanabe®, Takashl Taniguchl”, Terry P. Orlando', _——— Min Park, Andrew Zi ' Marie E. We " Kenjl Watanabe®
Accepted: 5 December 2024 simon Gustavsson'®, Jeffrey A. Grover', Pablo Jarillo-Herrero®= & William . Oliver'™S Recelved: 19 June 2024 eong Min Parlc’, Andrew Zimmerman’, Marle E. Wesson', Kenl Watanabe®,
. ' : ! : e TakashiTaniguchi®, Robert M. Westervelt', Amir Yacoby', Pablo Jarillo-Herrero?,
Published online: 5 February 2025 Accepted: 22 November 2024 Pavel A. Volkov'*, Ashvin Vishwanath, Kin Chung Fong®= 4 Philip Kim'S

Nature 638, 93 (2025)

69 68
Vaz )

-200 150 -100 150 200 Py (9Bm)

1 Uged =1, 00

© 1,(GH2) ©

&

-35 -30 -25 -20 -15
v

MM‘“«W ! -100 90 80 70

Py (dBm)

200 150 100 Py (1

Superconducting stiffness: power law dependence on temperature



Pair breaking due to interlayer scattering

® Pair breaking due to intervalley scattering in a nodeless f-wave superconductor is
equivalent to scattering by magnetic impurities in a conventional s-wave
superconductor.

PHY ST AL HEEWY]EW YOLUME 137, NUMBER 448 15 FERRIUARY 1945

Theory of the Thermal Conductivity of Superconducting Alloys
with Paramagnetic Impurities
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® The relevant energy scales are the superconducting gap, A, and the scattering time
due to intervalley processes, 7;,.

® The superconducting phase is always gapless near the critical temperature.

® The superconductor is gapless at all temperatures if A(T = 0) < h/7;,.

Estimates: A(T = 0)~0.5 meV, vp~v&/50 ,£;,~50 — 500 nm, A/t ~0.02 — 0.2 meV



Dissipation in TBG Josephson junctions

nature communications a
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uasiparticle and superfluid d namlcs |n
Quasip P y Quantum effects

Magic-Angle Graphene
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I. = 10nA

C =32fF

R = 2.5 kQ
wy,/2m = 4.9 GHz

T =10 mK

E] ~ 0.021 meV
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“Berry Trashcan” Model of Interacting Electrons in Rhombohedral Graphene

123 and Yves H. Kwan*

B. Andrei Bernevig
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