
Symmetry- enforced Fermi surfaces

Based on 2512 : 04150 (PRL26) with Luke Kim and Shu-Heng Shao

Landscape of quantum phases

Phases of quantum matter come in two flavors

(distinguished by many-body energy Spectrum

1) gapped phases : finite oulk
energy gay seperating ground States from

excited staites

↑
= -> e

.g. Insulators. Paramagnets . Quantum Hall phases

-> Systematically understood : discrete SSB
. SPT

← Topological order

2) gapless phases: No energygay (A =0

-> e.g. superfluids . Ferromagnets . Metals

-> Much less understood than
gappedphases.

(Desirable to have a more systematic understanding
-> Fruitful approach : Find microscopic constraints that forbid gapped phases.

Symmetry - enforced gaplessness

Forbid gapped phases by enforcing a microscopic , exact symmetry.

closely related to Lieb-Schultz-Mattis theorems and it Hooft anomalies

-> Alway forbid Symmetry - preserving, trivially gapped thases



-> Generally compatible with gappedphases with SSB/topological order

-> can sometimes enforce gaplessness.

weak version : Symmetry + an IR constraint => gaplessness
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StrongVersion : Symmetry => gaplessness

-> eg. perturbativeit Hooft anomalies (Córdova. Freed, Teleman '24

-> known examples enforce finitely many gagless modes.
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Ferm; surface-> This tadk : demonstrate Symmetry =

set ue

Consider Lx * Ly Square lattice with PBCs and one Seinless



fermion per site :

->Assume finite-range Hamiltonian H = ? H.

Goal : Find unitary Symmetry operators [UggeG Satisfying

UgUn = Ugh (9 , h E G)

[Ug . H1 = 0 => H has a FS

-> G symmetry is a sufficient
,
but not necessary condition for

a Fermi Surface

The Symmetry
Must Forbid all terms that can destroy a Fermi Surface

(Fermi surface pacifist joke)

-> For example: -M [Mr (Chemical potential term)
δ

[ (ACrCes + hc) (Pairing terms)
crory

(density-density interactions
rorcy

We'll enforce the UCI Symmetry [eiON] with N = & Mr .

- i θiON
e Cre =

e Cr

-> rules out fairing tern



To forbid other terms
,
Consider the real fermion operators

ar = ortt er

=> can forbid number operator terms by forcing an andbr

to decorgle

Majoran translation symmetry

-> By locality .
If TH = HT?

H = Ha(ar) + Hs(br) & Theory factorizes,

-> complex fermions transform as

TC .TOT
=

CCrTter -Crrtartwl
(mixes particle and hole States

Symmetric Hamiltonians

Every finite-range H satisfying [H.NJ = [ H.T?) = o
takes the form

H=Saran + Babriv) (9 -- = -gr EIR)



→ why ?

1) Majorana translations decouple ar and br.

2) UCI) symmetry transformation mixes ar and for

Sin &tsfsino
=> symmetric terms with ar and br decoupled are quadratic

-> symmetry + locality= > Non-interacting fermions

->single particle dispersion WK = - [ qr Sin (K. v)

For example H =- (CrCr++ CotCrty) + h . C.

-> WK= SinCKx)+ SinCky) and has Fermi surface

I
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thatIt follows from W-K = - WK

1) Every ground state is at half-filling

2) Every H has a Fermi surface.

-> Regions with WK30 and WKCO related by inversion

-> Boundary separating these regions is a curve with

WK = 0=> a Fermi surfacee.



3) A generic Fermi surface is topologically non-trivial

-> Each point K = - K lies on a non-contractible component

of the Fermi Surface

Microscopi Symmetry operators do not commute : [N
.
T #0

→ Lat Q = N - Lrly /2 :

-> Full microscopic symmetry group is an infinite- dimensional

Lie group
related to the Onsager algedra => Onsager Symmetry.

= [ (arartu-brbotu )

[Gr. Gv'1 = g

-> Not part of the free-fermion Symmetry CK1-> eOCKCK

-> Includes Symmetry transformation

Cxt etifCK)Cr (FCK) = FGK)
도 FCKOQK

generated by 2 with Q- = Litg
☆ COSCk . vO Qu

-> For K on the FermiSurface , this forms a subgrouy of the
LUCI symmetry of Else

, Thomgren , and Senthil20.



Summary
UCI) Fermion number + Majorana translation Symmetry

=> an Onsager Symmetry => Fermi Surface

-> focused on Square lattice , but conclusion holds for
any

d-dimensional Bravais lattice.

Two open questions :

1) Stability to ancillae

2) Generalizations to interacting theories.


