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The state/defect correspondence relates
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*Terms and conditions apply
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State-operator correspondence in CFT

local operators states on L
on Rd S d-1 v

Facilitated by Wey! transformation between RY to R x S~

and radial quantisation with Hamiltonian D = rd, N
\_/ .
[ el tH | O)

Important for \g\

Consistency of CFT Moore Seiberg 89—, string theory

R x S4-1

Bootstrap
Holography
Entangl ement entropy [Calabrese, Cardy '09] 2

Large charge [Hellerman et al. “15; Monin et al. “16] v

d
R
[Zhu, Han, Huffman, Hofmann, He '23] N
Hgar 3|0)

Fuzzy sphere
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Limitations
(A) Doesn’t work in non-conformal theories

operator = state eg O(0) |vac) =|0) or =|0)

state =~ operator still cook up “radial evolution” but no guaranteed operator to match the divergence

(B) For CFT:only on S¢~1, Not straightforward to generalise ¢! d¢ Boer Kruthoff 8]

Workaround for (2):  In 4d CFTs with continuous one-form symmetries ~ 'Hofman SV 24

states on line operators Key detail: doesn’t rely on Weyl equivalence but on
$2x st onR3 x S1 internal Kac-Moody algebra tofmanabal 18]

Workaround for (A):  QFTs with enough symmetries and anomalies* still under control V%)

stateson STt <= local operators

Today: combine both



plan

QFTswith U(1) x U(1) symmetry + anomaly
$

infinitely many charges

$
Kac-Moody algebra

$

state/defect correspondence
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EFT for anomalous symmetries

Consider U(1)!P] x U(1)47~2] symmetry + anomaly ﬁ J BadA

Has universal EFT [Henneaux, Knaepen, ‘97; Hinterbichler, Joyce, Mathys ‘24, SV ’25]: (f —dage Qerl )

S:J*P(fz)er

It’s non-linear QED [Heisenberg, Euler; 371 o hlgh er-form superﬂui d [Armas, Jain; “18]

P is the pressure ~» determined by the equation of state/UV microscopics ~» not fixed by symmetry

Alternative to Goldstone theorem [Pelacrétaz Hofman, Mathys “15]
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p-form U(1) symmetry
Current: Jpi1) = (f )f[p

Counts electrically charged defects
Conserved on-shell

Mixed 't Hooft anomaly manifests as follows

Couple to background fields A, ; 17, Brg—p—17:

dxJpy = 0
dxJrg—p-1)=—/{p+2]

symmetries

(d — p —2)-form U(1) symmetry
Current: j[d—l] = *f1p]
Counts magnetically charged defects

Conserved off-shell

i
<  Saom = % J B[d—P—l] A dA[P+1]
d+1

Very similar to axial anomaly in 2d (more similarities later)
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more symmetries

There's much more to it: infinitely many more zero-form symmetries For any N}, Atd—p—2) satisfying:

~ | o
AMg—p—2y + P+ dnpp; =0
solutions guaranteed by [Witten 82

Conserved dressed currents: x 7, = 11,1 A*J[p 411+ T[a—p—2] A *j[d—p—]]

Conserved charges: Qn = J *‘777 (reminiscent of modulated symmetries)
X4

Kac—Moody-like algebra of conserved charges:

%
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more symmetries

[Qn, Qg] = if (n N dﬁ) generalises many known cases
b

d = 2, p = 0: Kac-Moody algebra of compact scalar CFT ~» mode-expand: [Q,,, Q;,] = k16,40

— —1- sn cend? [Hofman, Igbal “18] recent application for
d =4, p = 1: Kac—-Moody in “photonised” CFT 4 q <oft amplitudes [Tizzano 26]

d = 2p + 2 higher-form photonised CFTs ‘ofman SV 241
generic d, p = 0: non-conformal Kac—-Moody in superfluids [Sv25]

here generic d, generic p, non-conformal
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superfluid phonons

From now on focus on free theory  (from the superfluid POV: phonon-photons around a non-trivial background)

1
S= 242 J Jip+11 A *f1pa13

! notaCFTind # 2p + 2~ [g2] = (mass)2P+2—d

Symmetries: U( DL u)ld?r=2 the funky ones * 7,

[\ 4/ eigenvalue of Laplacian on &

[Qno’; Qma"] = lO' \/ A’n 5n,m60',—cr’

Charges Q,) [Zd_l] ~» expand in a nice basis: Q,,:

aparity label o = +
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the states

. —p— ~ Jgapa *J
Quantise on ©;_; = SP x §4-p~1 Jso \i@(gw+ +iQ, )
can quantise generally; this is just a convenient choice

Hamiltonian takes Sugawara form: H~J?+J?%~ Qﬁ + ZA‘;AH
d=2p+2 has also magnetic charge; ignore for now will patch later n#0
d=2p+1 has more electric charges; more subtle

States

22V 1/2
Primary: Q. |¢) = ( £ ) eleyandA, |e) =

Vd—p—l
e € Z from Dirac quantisation

0

Descendants: A" AL, -+ le)

Hilbert space realises representation
theory of Kac—Moody algebra s 5V 23!




the operators

States done. Operators:

Wilson defects: W, (y,) = e’ fipe definite electric charge U, W, = e'* W, e € Z



the operators

States done. Operators:
Wilson defects: W, (y,) = e’ fipe definite electric charge U, W, = e'* W, e € Z

"t Hooft defects: Hp,(y¢—p—2) definite magnetic charge U, H,, = €™ *H,, m € Z
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States done. Operators:
Wilson defects: W, (y,) = e’ fipe definite electric charge U, W, = el** W, e € Z
"t Hooft defects: H,, (v 4—p—2) definite magnetic charge U,H, =e™*H, mecZ

can be viewed as Wilson defects of magnetic dual theory; ignore
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the operators
States done. Operators:
Wilson defects: W, (y,) = e’ fipe definite electric charge U, W, = e'* W, e € Z

Currents: Jrp117 ~ fip+17 j[d—p—l] ~ *flp+1]

Composites: J W,, JW, dJW, dJW, et



States done. Operators:

Wilson defects: W, (y,) = e’ I ¢ definite electric charge U, W, = e'* W, e € Z

Currents: J{p 411 ~ fipr1y Ja—p-1 ~ *fips1)
Composites: J W,, JW, dJW, dJW, et

Equivalent description as “disorder” operators g

/\/-WC(V)

Dy (1) = ll_r)r(l) L( ) appMJp X Wely) =
Y,€

Y J sr.e) A1 N 1p+1]
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Euclidean path integral on SP x BYP with insertion = state on 9(SP x B¢ P) = P x §47P~1

D) :=JDae_S[a]D(SP x {0}) =

Charges act by surrounding

Qn,o- |D> = }1_{% JDd) e_S[¢] Qn’g(Sf_p_l)D(Sp X {O}) takes care of

Bogoliubov transformation

NIZI cxp(Ai%—(A;l )2)

Asurprise: |1) # |vacuum) = |0) Why? radial evolution mixes ladder operators
~ A, |1) # 0but (#nAn + #,IA'L) |1) = O ~» squeezing transformation |1) = S |0)

~ws Vacuum is prepared by modes ofallfrequencies. [Belin, de Boer, Kruthoff 18, Hofman SV '24, SV '25]
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state/defect correspondence

ST is built out of conserved charges;

The rest is straightforward ., .
it’s a topological operator
Primary states |e) e~ squeezed Wilson defects = ST x W, (y,)

Descendants g\and soareA,, AT
Sprinkle oscillators I1, (ADN" le) ew ST x I1, (#flAJ; + #’flAn)N” x We(y,)



The rest is straightforward

Primary states

Descendants
Sprinkle oscillators

Overall

state/defect correspondence

ST is built out of conserved charges;
it’s a topological operator

|e) e squeezed Wilson defects = S™ x W (rp)

T
andsoare A, A},

[T, (A1) le) e ST x [T, (#:AT + #:4,)" x W,(y,)

nw

states on SP x S4P~1
in one-to-one correspondence with
p-dimensional defects on SP



Recap Now what?

QFTs with U(1)!P! x U(1)td—>—2] Gapped theories
symmetry with mixed anomaly Add Chern-Simons term, gaps out theory

$ u(D)P! - Z/[f " but Kac-Moody survives!

are higher-form superfluids state/defect correspondence? "
$ More general symmetries

have infinitely many charges Non-abelian Kac-Moody in higher d?
3 Non-invertible? (Hofman SV 24

satisfy Kac-Moody Biform and higher-spin symmetries (gravity)

3 [Hinterbichler et al '22; '24]

Tool for entanglement?

state/defect correspondence o
Other applications?



Thank you!
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