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Introduction: Conformal Interfaces
Exploring the space of CFTs

Conformal interfaces provide a powerful probe to
Space

explore CFTs & relations between them ¢ ~e1o
(" %)

J(rirt)(rRT)

[Quella,Runkel, Watts]

Transmissivity T :=

Topological interfaces have I'=1; e.g. duality defects, non-invertible symmetries

[Petkova, Zuber][Fuchs, Froehlich, Runkel, Schweigert]...

Permeable interfaces 0<J <1 can exist between CFTs with same central charge

e.g. radius changing interface [Bachas et al.][QRW]...[Bachas,Brunner,Douglas,Rastelli]

and between CFTs with different central charge (= number of degrees of freedom)

First construction in [Quella,Schomerus 2002] e.g. RG interfaces of [Gaiotto]
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Introduction: Gauge Theory Interfaces

From Nahm-poles to Janus — a well explored map

Rank-changing 1/2-BPS SU(N_)|SU(N.) interfaces of N=4 SYM in [Gaiotto,Witten]

rank jump is encoded by Nahm-pole data

d¢ 11 1
. t: 11 1

d—l = €iji[Pj, Pkl ¢ ~— — L —

y y D3 1 NS5 1+ rm——

— —i% T 1 D3

t; form (N — p) —dim rep of su(2) - 4 EEmEE
Young diagram b.'\.—, '55'

Holographic description through Karch-Randall branes localized along AdS, x S?

with Nahm-pole data describing fluxes supporting S2.

Green-Schwarz superstring with Karch-Randall AdS, x $* boundary conditions

was shown to be classically integrable [Dekel,0z]

Quantum inteqgrability of Nahm-pole interfaces in planar N =4 SYM theory was

also explored at weak coupling by [Kristjansen,Zarembo et. al.] mostly 1-pt fcts
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Introduction: Symmetric Product Orbifolds

The 2D cousins of 4D Gauge Theories

SPOs Sym"(X) = XN /sy are permutation orbifold CFTs M /Sy,
[Klemm,Schmidt]

« Correlation functions possess a diagrammatic expansion

[Pakman,Rastelli, Razamat] based on [Arutyunov,][Lunin,Mathur]

« Can possess aholographic/string theoretic description

[Dijkgraaf,Moore,Verlinde?] ....[Eberhardt,Gaberdiel,Gopakumar]

Questions: [Motivated by comparison with N=4 SYM theory]
« Are there analogues of Nahm-pole interfaces in SPOs ?
« If so, do they possess string theoretic dual (w. branes) ?

« And if so, is the dual open string theory also integrable ?

How does interface in CFT2 become boundary of string worldsheet ?
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I. Review of SPOs

lll. SPO holography

[I. SPO Interfaces

lll. SPO holography

V. Outlook &
Conclusions

Page 4



Symmetric Product
Orbifolds



Introduction: Symmetric Product Orbifolds

A family of permutation orbifolds

To any seed CFT* X one assigns a family of permutation orbifold CFTs through

SymN(X) = M /Sy M =xV cy (SymN (X)) = N cy

Zy(t, ) = |S1v Z z h =% z z tryc, (hﬂLo _X 1—7_ _IX)

Partition fct:

geSyhec, Y gESN heCy

Conjugacy classes: [g] = {kgk‘l}kesN = (1)™1(2)™m2 ... (N)™

2wmw=N
w

Centralizer Cy = Cg) = {hlhg = gh} =[], Sm, X Z,,

Twist fields ¢W) associated to single cycle permutations of

_Cx 1 =
h,, = 24<w W>—hw
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DMVV Grand Canonical Ensemble

Dijkgraaf, Moore, Verlinde, Verlinde gave an elegant expression for partition function

LGN H ”»
of ~'grand canonical ensemble Hecke operator  PF of seed X

Z(k;t,t) = Z HNZN(L t) = exp [Z H,kif}cZ(t,t)]
N=0 k=1
where

kt
TiZx(tD) = Sy D0 Z (op + 2,50 + L) = z5mn (¢,7)

contains a subset of connected contributions to the

partition function of the orbifold theory X /Z;.

DMVV function describes non-interacting Bose gas
of long strings of any winding number k.
color = (k, 9 € H )
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Correlators of Symmetric Orbifold

From correlators of the seed theory

Correlators of SPO on surface X computable from

correlators of seed theory on covering surfaces X

(o-(w1)(x1) oo gWn) (x"))x ~ Z a(l) Z,(2)

T
Sum over ramified N-sheeted coverings I':X - X

with ramifications points z, of order w,, i.e.

I[(z) = x, +al(z—2z0)"" + -
Note: Given branch points x,, branching orders w,

there are only finitely many R-sheeted coverings I’
Genus g5 of X given by Riemann-Hurwitz formula

1
gs=N-(gxy—1 +1 +EZ(W"_1)
U
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ramification point

branch point

[Dixon et al.]
[Arutyunov,Frolov]
[Lunin. Mathur]
[Dei, Eberhardt]
[Hikida, Liu]
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A Feynman-like Diagrammatic Expansion

Pakman-Rastelli-Razamat diagrammatics

Covering maps I' may be encoded in Feynman-like 3 propagators
diagrams [Pakman,Rastelli,Razamat] %
Build diagrams from the propagators and vertices el

. +
shown on the left using rules: s

(1) The number + and — loops must coincide (=N)
(2) in each loop: twist fields appear at most once.

(3) In each loop: order of twist fields is preserved.

Derivation: Lift from Xto X twist fld

1 propagator

Zipper

1 vertex

DESY. Interfaces in Symmetric Orbifolds and Holography | Volker Schomerus | July 1, 2026 Page 9



Interfaces in SPOs



Permeable Interfaces in SPOs

Hikida, Harris, Tsuda, Schomerus Boundaries in SPOs [Belin,Biswas, Sully]
Topological dfcts in SPOs [Gutperle et al.]

Use folding trick & construct boundary state in
Sym"-(X)

SymV-(X) x SymN+(X) = XN-*N+/ 8§y x Sy,

Choose a boundary state of numerator theory

apply orbifold projection; resolve fixed points.

xN- XN+ |a.), boundary states in seed X’

) Orbifold projection with Sy xSy,

B

% Pl fixed by Sy, p = Sn__pXSp XSy,

pick character x of Sy_, to resolve

»

X1

Interface states |7§f> define permeable interface between Sym"-(X) & Sym"+(X)
£y,

transmissivity 7 = 2p [Harris,Hikida,VS,Tsuda]
N, +N_
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Interface Grand Canonical Ensem

A free Bose gas of long open strings

The generating function Z LR(K+,pLR,t) for overlaps

(Jp o=ty Lo=

H |J \ fugacmes

for Nyand phR
between interfaces exponentiates, at least for y = 1

— pZc(Kkt)+Zo(K,t)
Zali.,R(K,t)—eCK 0K

where > _
ZC(Kr t) = z K2k HkZ.X'(t) as In.DMVV_
e butwitht =t

Zo )= ) Yk Uhs, | w2i@®
AB=L.R k=1
1 /¢t Zg' =Zg Zg" =Zyryr
SeZ(t) = Z—z<—2> s r e
w w
w|f

RL _ LR _
Z, Zaff_a’“ Zy;" =Z,L,rR

There are four types of long open strings: LL,RR,LR,RL

] ]
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Interface correlators

From boundary correlators of the seed theory

Place interface Jzialong curveycX; X\y=X_UX,

(o) (1) = om0 (1) )~ a(r) 2
T
bulk twist fld interface twist fld i )ENY)

Sum over ramified “interface coverings” I':X - X

I, - X, are N, -sheeted ramified coverings of X,

Degree p of transmissivity at y, is p = |[I'"1(y,) n £°|
90X has at most (N_ + N, — 2p) components

Ramification points z; of order w; on boundary of X
¥ and oRRW shift p > p+1;induce jump a; © a_

Euler character y(X) from interface Riemann-Hurwitz
1
XE®) = NYX)+ N x(X) = ) (w,—1) =5 ) (wi® 1)
n

AB,j

xZ)=2-2gs+by xX;)=1-2gy
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Diagrams for Interface Correlators

Boundary PRR diagrams [Harris,VS,Tsuda]

Build diagrams from the propagators and vertices
shown on the left (and previous) using the rules

(1) The number + and —loops must is given by N,
(2) in each loop: twist fields appear at most once.

(3) In each loop: order of twist fields is preserved.

Derivation: Lift from Xto X

One can also read off the index p of transmissivity

& the symmetry factors a(I') from these diagrams

p depends on position on interface
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2 additional propagators
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The Holographic Dual of SPOs

Sym" (T41) and tensionless strings

Key example: For X = T4 symmetric product orbifold CFT Sym" (T4") is dual to

lIB superstring theory in AdS§k=1) x §3 x T4 [Eberhardt, Gaberdiel, Gopakumar]
k =1 unit of NSNS flux

Partition function of string theory was computed from exact worldsheet model &

shown to coincide with logarithm of DMVV partition functions for Sym" (T4").
single-string states [Eberhardt]

Correlation functions of twist operators in Sym" (T4") on the sphere where also

matched to tree-level string amplitudes of type IIB theory on Adsgkzl) X §3 x T4

[Eberhardt, Gaberdiel,Gopakumar] .... [Eberhardt,Dei]

Matching to all loop order was shown in [Hikida,VS]

Now that there is a proof do we understand the mechanism ?
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The Liouville — AdS3 Correspondence

Dual descriptions of sigma models

FZZ duality between sine-Liouville theory and Euclidean Black Hole sigma model

V($,X) ~ eb? cos(RX e*
) ~ eb” cos y 2 -2
¢ (RX) ds? ~ ———— (d¢* + R%dX)
(]
¢ ¢
Qp=b=(R*- 2)_1/2 e 2® = e 2%0(1 + ¢7%9)

Conjectured by [Fateev,Zamolodchikov?] proven on arbitrary surfaces by [Hikida, VS]

Note: Radial coordinate ¢ of sigma model energes from Liouville direction ¢ by non-

constant shift of zero mode and rotation in field space. “bulk reconstruction”

Proof based on closely related Liouville — eAdS3 correspondence [Ribault, Teschner],

and its path integral derivation using Kac-Wakimoto realization of AdS3 in [Hikida,VS]

But where is the Liouville field in Sym" (T4)?
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Engineering Holographic Duals

Unraveling the Liouville field

There is an interesting extension of the Sym"(T*!!) duality NSNS flux k # 1

b™2=k

SymN (]R[l] » X) mgk) < X [Eberhardt]
Qb int [Sriprachyakul]
Interacting SPO, @ =b -1/, Critical 1IB superstring

Perturbative expansion of SPO correlators can be rewritten as string theory

amplitudes without computing a single correlation function! [Hikida,VS]
all ordersin 1/N

Special case X = SU(2)}1, x T*!the dual is superstring in AdS3 x $3 x T*

- seed contains N =4 supersymmetric linear dilaton CFT Rg] X SU(Z)E‘}_]2

3(k-2)
k

1] [ = 1)? _ _ _
c(Ry xsu@)j),)=3+6(b—2) +2=6(k-1)=0 fork=1

N=4 susy linear dilaton decouples and we are left with dual of Sym" (T*[1)
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The Holographic Dual of SPO Interfaces

AdS2 branes in tensionless string theory

Maximally symmetric D-branes geometries in SL(2,R)

were identified in [Bachas,Petropoulos] H,, AdS,,dS,

Dual of spherical branes eH, in Euclidean AdS3 was

identified in [Gaberdiel,Knighton,Vosmera]

Boundary state in Sym(T%)
Worldsheet theory for AdS2 branes in AdS3 was con-
structed in [Lee,Ooguri,Park][Ponsot,VS,Teschner]

See also [Gaberdiel et al.] for tensionless case

Partition function of tensionless open string theory

was computed and shown to coincide with logarithm

of interface PF for Sym(T*1). [Harris et al ]

Proof of FZZ duality was extended to boundary theory

w. D1 branes in Euclidean BH [Creutzig,Hikida,Renne]
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Outlook and Conclusion

Exploration of permeable interfaces in 2D CFT

Here we only explored only some observables for the simplest permeable interfaces

in symmetric product orbifolds (<> AdS2 branes in tensionless AdS; x §3 x T%)

Interfaces with y # 1 ? Non-invertible transmissive factor ? Marginal deformations ?

Observables measuring various entropies ? Boundary see [Belin,Biswas,Sully]
[Karch,Ooguri et al.]

It would also be interesting to study the role of SPO interfaces in holographic pairs

Topological version ? Tensionless AdS3 x §3 x §3 x §1? With less supersymmetry ?
Troost, Benizri [Eberhardt,Gaberdiel] [Belin,Castro, Keller et. al.]
Turn on RR-flux = geometric regime: worldsheet sigma model for AdS; x $3 x T
with mixed fluxes is classically integrable [Cagnazzo,Zarembo]. Open version with

AdS,-brane boundary conditions remains integrable [Bonomi,VS;WIP] see also
filling gap in [Dekel,0z] [Gil,Driezen]

Quantum integrability of deformed interface CFTs ? Bootstrability ? ....
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Perturbative Holography

Particles/Fields Strings

Ofer Aharony

2. What is the classical string theory dual to the large N limit of (3 + 1
dimensional) QCD?

Hint: For asymptotically free gauge theories, a good starting point could be
understanding the string dual of the free gauge theory.

The Future of String Theory: 100 Open Questions
Strings 2024, CERN June 3-7

Gauge-Gravity Duality

Perturbative Holography @

+

Emergent Geometry @

DESY. Interfaces in Symmetric Orbifolds and Holography | Volker Schomerus | July 1, 2026 Page 22



From Orbifold to SL(2), KW Theory

P’ [T S s .
P T (T Ve ) TT Vi ()
) a=1 r=1

a=1|

H{ WZNW model from Liouville field theory The FZZ-duality conjecture — A proof

a=1 r=1

n s R
s 2 i (W, . 1/62(2) 1/2b2(—1) =,
~p H d uq (H o )(d’mz“) H i’—k,—k ('“’a) H ‘I’wz,wz ('Uj)) )
a=1 j=1
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How can the machine work ?

S(p,By)~[d*’z(Bay+Bay

— 3¢ 3¢ + b2BBe??® — 2L /G R )

P, (p)z) = |p |2jep-7(2)—ﬁ-‘7(2) e2bi®(z,2)

_ Q
o S(p,B,y) ~ [d?z (d¢p g + p e*P? — =2 /g R )
Liouville 4

Va(Z) — eZa(p(z,Z)

s. [Ribault,Teschner] .....
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Explaining the Machine  [HikidaVs]

A lightening review

. d _
Represent vertex operators as ] _(z) = /“ﬁzumﬁm‘bj(ﬁz)

P;(p|z) = |p |2jen‘r(z)—ﬁ‘7(f)e2quf>(z,2)

S(¢ﬁy)~fd22(0¢0¢+ ~LVGR$ —b*BRe?® — LIy —Fay)

1. Path integral over y gives contraint for 8 dB(z) = Zuv 6(z—2z,)
) - Ky H(Z o ui)
B(z) = =z Tlz=2z) u, — u; resembles SOV
1%
1
2. Shift linear dilaton ¢ ¢: ~ q5— logﬁﬁ Qp—> Qp=0Qp—~—
— — T

dop=00¢ _E(Z 6(z —u;) — z 0(z - z,)) Vertex operators shifted

Extension to w # 0in [Hikida,VS;0805.3931]
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The String Theory Dual

Worldsheet theory and duality statement

We were able to rewrite the perturbative expansion of Symﬁ(]R{Q X X)in

terms of bosonic string theory without computing a single correlation function!

Sp(d,B,Y) ~So(h,B,Y) +[d?’zd (2,2) +p [ d?udt(uwu)

c=26 free CFT branch cut creating
screening charge

with affine sl(2), symmetry  deformation p ~ u?

Sheet creating

_ [Giveon, Itzhaki]
screening charge

(T Vi i) = [ (][ [ a0 i 23
r=1

r=1
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