
Symmetry-enforced Fermi Surfaces

Based
on arXiv: 25(next week) w Luke Kim and Shn-Heng Shaw

1) Anomalies and Sym . enforced gaglessness
2) Sym-enforced Fermi Surfaces

3) Generalized Onsager Sym .

landscape of quantum phases

Phases of quantum Many-bodySystems come in two flavors

(distinguished by many-body energy Spectrum)
1) gapped phases :

- Finite
energy-gaf between GS ↑=and 1st excited State

(In themodynamic limit -Igg.
- well understood , Rich variety :

discreteSB. SPT, Topological order, Fractons

(both TQFT and beyond TQFT gapped Phases

2) gagless phases :

- No gay between GS and ↑=excited States

(In themodynamic limit
一

(much less understood than gapped counterparts

- Not all gaglessness is equal
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Interesting to identify constraints that forbid gagged phases

Sym-enforced gaglessness

Recall : anomalous symmetrics forbid trivial gagged phases

- compatible with SSB
, topological/fractor order gaplessness

Some anomalies are even stronger : Sym-enforced gaglessness

- compatible with SSB or gaplessness
=>guaranteed gayless if sym-preserved

-

Examples :

1 Wang-Senthil (Suce) + /22 anomaly can have
ge and

Wang , Senthil

anomaly
2014

2 Witten's SUcz) I Noallowed#thaisesGarcia-Etxebarria et al 2017

known examples compatible wh finite and a # gapless modes

- what about Sym-enforced "co-gaglessness" ?

Sym-enforced FS ?



Set

uuantum(2+1)D lattice modelw Spatial (xXLy Square lattice

and cont
.

time.

(warning : Working all within timeslice of spacetime
- Lattice Vector r = nx * + nz y W N : EX and n ; vnit hi,

- one complex fermion per site : fermionic creation/annihilation of

Best-Casa Suri Scarcard =

- Local Hamiltonian H = 2 Hr
σ

Goal : find operators [Ug/geG) S .
t.

10 Ug is a Unitary G Sym of : UgUn = Ugh. ghEG.

2) [UgH] =0 I always has a FS

- Sufficient but not necessary cond . For a FS.

Symmetries

symmetry must forbid all terms that can destroy a F. S.

e
.g.) - chemical potential term -u[ nn (nr = crcey

- Pairing terms : [ (A Crcei + hc)
crorcy

hrirly

-

Density-density interactions : [nrUri

An obvious Sym : U(1) w charge Q = [ (nr-1/2)
σ

2

:

00c- : 00
= e-ie ↳

assume Lily even.



-> rules out fairing tern

How to forbid the other terms ?

Real/Majorana fermion operators

ar = Ort t Cr
.

Br = i (Cnt- </

atr = ar =On Saraia' =

ดร. คารา ล่ะ { สม
/
สิ นอร =2G

->> Nr = [Anbr +* = Try to decouple ar and or

Majorana translation Sym

in 's far ระยะเวลา=- (ส
-> due to locality ,

causes a and b Majoranas to decouple :

H = HCa 0 t HCO )

→ T℃ C
. =

i( Crtten -Crit Crev )
Enforcing these Sym requires :

H commutes w Q. and to
Hamiltonian isCan show most eneral sym loal

H= [ [ig. Chcrav (8
. r

= -gnER)
all finite

…



->> Sym enforces free fermions.
s

cn -pra eikrer
-> In momentum space H = [Ev CECk where Ev = -2[g-sin(kv,

KEBZ

=> ground State : <Ck1gs) = Senso 1957

=> ES is a 1-dim lows when EK = 0
,

e.g. .) H = -z (eCr +e + cecy) +

Ek = Sin(Kx) & 3/4 Sin (Ky)

Enp
-

…
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Dispersion satisfies [
_ k

= - Ep :

1) It always has a FS (follows from intermediate value

theorem(
2) half-filling
.

E Q1gs) = o

3) Generic IS always topologically non-trivial-
-> Each point K = -K lies on a non-contractible component

of the FS

Sym-enforced FS from UCI) and Maj translations

UV Sym groug Not
_
MXMag transl.

Q andI do not commute :



-Qfart = &arbutr = Qu

[Qu
.
Qu'1 =: Gvir where Gv= [(arantu-bnbatuy

[Gv
. Gv ] = 0

Qr. Grid = 2 : ( Query - Query

-> SpandQu . Gry forms O(Nsites] dim
.

Lie algebra

-> Has Unsager subalgebras , eg. Sean [Que
, Gus

Vernier, O'Brieh
, Fendley 2018, Chatterjee, SP , Shaw 2024

full Sym group Onsz1(xThy
↳ generalized Onsagen Sym

Includes transformation (n + e-iF(k)ck w f(k) = fGk)

.Ʃ FLKOQK
-> Sym ofe

K QK =☆CosCkv ) Quw

->>Anomaly - free : commutes w H = -mEnr
-> For KEF

,
this is a fromsubgrouy of the LUCI Sym

Else, Thoungren, Senthil 2020

Summary
U(1) + Maj translation = Ons

,
X traul =) Fermi Surface

- discussed square lattice
,
but applies to and d-dim

Bravais lattice

Follow-up questions :

-

stability toancillas?



- anomaly Matching of LUCI) ?

- what about codim-9 Fermi Surfaces ?


