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The state/operator correspondence relates
states of a CFT to local operators.
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The state/operator correspondence relates
states of a QFT* to extended operators.
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*Terms and conditions apply

The state/defect correspondence relates
states of a QFT* to defects.
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motivation

HSd−1 3 |O〉
Rd

R× Sd−1

ei tH |O〉

O

State-operator correspondence in CFT

local operators
onRd ⇐⇒ states on

Sd−1

Facilitated by Weyl transformation between Rd to R × Sd−1

and radial quantisation with HamiltonianD = r𝜕r

Important for

Consistency of CFT [Moore, Seiberg ’89] =⇒ string theory

Bootstrap

Holography

Entanglement entropy [Calabrese, Cardy ’09]

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

Fuzzy sphere [Zhu, Han, Huffman, Hofmann, He ’23]

· · ·
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motivation

Limitations

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

operator =⇒ state e.g. O(0) |vac〉= |O〉 or
O = |O〉

state 6=⇒ operator still cook up “radial evolution” but no guaranteed operator to match the divergence

(B) For CFT: only on Sd−1 . Not straightforward to generalise [Belin, de Boer, Kruthoff ’18]
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Key detail: doesn’t rely onWeyl equivalence but on
internal Kac–Moody algebra [Hofman, Iqbal ’18]
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motivation

Key detail: doesn’t rely onWeyl equivalence but on
internal Kac–Moody algebra [Hofman, Iqbal ’18]

Limitations

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

operator =⇒ state e.g. O(0) |vac〉= |O〉 or
O = |O〉

state 6=⇒ operator still cook up “radial evolution” but no guaranteed operator to match the divergence

(B) For CFT: only on Sd−1 . Not straightforward to generalise [Belin, de Boer, Kruthoff ’18]

Workaround for (B): In 4d CFTs with continuous one-form symmetries [Hofman, SV ’24]

states on
S2 × S1 ⇐⇒ line operators

onR3 × S1

Workaround for (A): QFTs with enough symmetries and anomalies* still under control [SV ’25]

states on Sd−1 ⇐⇒ local operators

Today: combine both
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plan

QFTs with U(1)×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] ×U(1)[d−p−2] symmetry+ anomaly
i

2π

∫
B ∧ dA

Has universal EFT [Henneaux, Knaepen, ’97; Hinterbichler, Joyce, Mathys ’24, SV ’25]: ( f = da ∈ Ωp+1)

S =

∫
⋆P
�

f 2
�

It’s non-linear QED [Heisenberg, Euler; ’37]¡ higher-form superfluid [Armas, Jain; ’18]

P is the pressure  determined by the equation of state/UVmicroscopics  not fixed by symmetry

Alternative to Goldstone theorem [Delacrétaz, Hofman, Mathys ’19]
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EFT for anomalous symmetries

topological term
G( f )∼ f ∧ f ∧ · · · ∧ f

Allowed only when d = (n+ 1)p+ n
Gives Chern-Weil symmetry

[Heidenreich et al. ’20]

“theta” term
(only when d = 2p+ 2)
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symmetries

p-form U(1) symmetry

Current: J[p+1] = P′
�

f 2
�

f[p]

Counts electrically charged defects

Conserved on-shell

(d − p− 2)-form U(1) symmetry

Current: eJ[d−1] = ⋆ f[p]

Counts magnetically charged defects

Conserved off-shell

Mixed ’t Hooft anomaly manifests as follows

Couple to background fieldsA[p+1], B[d−p−1]:

d ⋆ J[p] = 0
d ⋆ eJ[d−p−1] = −F[p+2]

⇐⇒ Sanom =
i

2π

∫
d+1

B[d−p−1] ∧ dA[p+1]

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

There’s muchmore to it: infinitely many more zero-form symmetries

Conserved dressed currents: ⋆Jη = η[p] ∧ ⋆J[p+1] + eη[d−p−2] ∧ ⋆eJ[d−p−1]

Conserved charges: Qη =
∫
Σd−1

⋆Jη (reminiscent of modulated symmetries)

Kac–Moody-like algebra of conserved charges:

�
Qη,Qζ
�
= i

∫
Σ

�
η ∧ d eζ− ζ ∧ deη�
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more symmetries

�
Qη,Qζ
�
= i

∫
Σ

�
η ∧ d eζ− ζ ∧ deη� generalises many known cases

d = 2, p = 0: Kac–Moody algebra of compact scalar CFT mode-expand: [Qn,Qm] = k nδn+m,0

d = 4, p = 1: Kac–Moody in “photonised” CFT4
[Hofman, Iqbal ’18] recent application for

soft amplitudes [Tizzano ’26]

d = 2 p+ 2 : higher-form photonised CFTs [Hofman, SV ’24]

generic d , p = 0: non-conformal Kac–Moody in superfluids [SV ’25]

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

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

S =
1

2g2

∫
f[p+1] ∧ ⋆ f[p+1]

not a CFT in d 6= 2p+ 2 
�
g2
�
= (mass)2p+2−d

Symmetries: U(1)[p] , U(1)[d−p−2] , the funky ones ⋆Jη

ChargesQη
�
Σd−1

�
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superfluid phonons

p
eigenvalue of Laplacian onΣ

a parity labelσ = ±

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

S =
1

2g2

∫
f[p+1] ∧ ⋆ f[p+1]

not a CFT in d 6= 2p+ 2 
�
g2
�
= (mass)2p+2−d

Symmetries: U(1)[p] , U(1)[d−p−2] , the funky ones ⋆Jη

ChargesQη
�
Σd−1

�
  expand in a nice basis: Qnσ :

[Qnσ,Qmσ′] = iσ
Æ
λn δn,mδσ,−σ′
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the states

∼ ∫Sd−p−1 ⋆J 1p
2

�
Qn,+ ± iQn,−
�

Quantise onΣd−1 = Sp × Sd−p−1

can quantise generally; this is just a convenient choice

Hamiltonian takes Sugawara form: H ∼ J2 + eJ 2 ∼Q2
e +
∑
n6=0

A†
nAn

States

Primary: Qe |e〉=
�

g2 Vp
Vd−p−1

�1/2
e |e〉 and An |e〉= 0

e ∈ Z from Dirac quantisation

Descendants: A†
n A†

n′ · · · |e〉

Hilbert space realises representation
theory of Kac–Moody algebra [Fliss, SV ’23]
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e ∈ Z from Dirac quantisation

Descendants: A†
n A†

n′ · · · |e〉

Hilbert space realises representation
theory of Kac–Moody algebra [Fliss, SV ’23]
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the operators

States done. Operators:

Wilson defects: We(γp) = e
i e
∫
γp

a
definite electric charge UαWe = ei eαWe e ∈ Z

Currents: J[p+1] ∼ f[p+1] , eJ[d−p−1] ∼ ⋆ f[p+1]

Composites: J We , eJ We , 𝜕J We , 𝜕eJ We , etc.
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Wilson defects: We(γp) = e
i e
∫
γp

a
definite electric charge UαWe = ei eαWe e ∈ Z

Currents: J[p+1] ∼ f[p+1] , eJ[d−p−1] ∼ ⋆ f[p+1]

Composites: J We , eJ We , 𝜕J We , 𝜕eJ We , etc.

Equivalent description as “disorder” operators e.g.

Dα,e(γp) = lim
ϵ→0

∫
S(γ,ϵ)

α[p]∧⋆J[p+1]×We(γ) =

We(γ)

∫
S(γ,ϵ) α[p]∧⋆J[p+1]
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preparing states

Euclidean path integral on Sp ×Bd−p with insertion =⇒ state on 𝜕
�
Sp ×Bd−p
�
= Sp × Sd−p−1

|D〉 ··=
∫

Da e−S[a]D(Sp × {0}) =

Charges act by surrounding

Qn,σ |D〉= lim
r→0

∫
Dϕ e−S[ϕ]Qn,σ

�
Sd−p−1

r

�
D(Sp × {0})

A surprise: |1〉 6= |vacuum〉= |0〉
  An |1〉 6= 0 but

�
#nAn +#nA†

n

� |1〉= 0

 Vacuum is prepared by modes of all frequencies.cf. [Belin, de Boer, Kruthoff ’18, Hofman SV ’24, SV ’25]
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preparing states

takes care of
Bogoliubov transformation

∼∏
n

exp
�
A2

n+(A†
n)

2�
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state/defect correspondence

The rest is straightforward

Primary states |e〉¡ squeezedWilson defects= S† ×We(γp)

Descendants
Sprinkle oscillators

Overall

states on Sp × Sd−p−1

in one-to-one correspondence with
p-dimensional defects on Sp
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conclusions

Recap

QFTs with U(1)[p] ×U(1)[d−p−2]

symmetry withmixed anomaly 

are higher-form superfluids 

have infinitely many charges 

satisfy Kac–Moody 

state/defect correspondence

Nowwhat?

Gapped theories

Add Chern-Simons term, gaps out theory

U(1)[p]→ Z[p]k but Kac–Moody survives!

state/defect correspondence? [WIP]

More general symmetries

Non-abelian Kac–Moody in higher d?
Non-invertible? [Hofman, SV ’24]

Biformandhigher-spin symmetries (gravity)
[Hinterbichler et al ’22; ’24]

Tool for entanglement?
Other applications?
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Thank you!
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