Holographic duals of interface theories
and junctions of CFTs
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Plan of the talk
* Interfaces and junctions in CFT
* Holographic interface solutions
* Half-BPS Janus solution
e Calculation of boundary entropy
* Multi-Janus solutions
* Conclusions
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Interfaces and junctions in CFT

A conformal interface is a junction betwen
two CFTs preserving part of the conformal
symmetry. Gluing conditions need to be
scale invariant. In 2d continuity of 7.

across the interface is sufficient.

CFT1® CFT2

rmal boundary

co-dimension 1 junction

The folding trick relates interface CFT’s
to boundary CFT:
conformal boundary conditions (open
string description)

S5
conformal boundary state|| B)

(closed string description)

Affleck and Ludwig;
Bachas, de Boer, Dijkgraaf and Ooguri



Interfaces and junctions in CFT

Toy model: compact boson ¢ ~ ¢ + 27
with a jump in the coupling

S = 2r? / dtdz 0,¢00% + 212 / dtdx 0,00
x <0 T

<0

After rescaling the bosons have a jump in the
compactification radius

¢~ ¢+ 27Ty

After folding one @1 ~ ¢1 + 271y
has 2 bosons by ~ b + 277

Conformal boundary conditions
correspond to a diagonal D1 brane in a
2 torus spanned by ¢; o

Bachas, de Boer, Dijkgraaf and Ooguri
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Interfaces and junctions in CFT
Basic quantities which can be calculated for interface CFT’s:

e g-factorg = (0 || B)and boundary entropy Syq = In g which
measures the ground state degeneracy of the interface

L e P Affleck and Ludwig
G o= |
VAT R N
e Reflection and transmission coefficients for scattering off the
interface 2 2
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Interfaces and junctions in CFT
Generalizations

Interfaces between 2 CFTs can be generalized to junctions of 3 or
more CFTs, for example a star graph:

conformal boundary conditions
> 10—

n bosons ¢@; with radius 7°; : junction
of n quantum wires (with different LL

COUP“ngS) Bellazinni, Mintchev and Sorba
Affleck, Chamon and Oshikawa

conformal boundary conditions:
p dim D brane in n-torus
g-factors calculated in BCFT
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Interfaces and junctions in CFT

Applications of interface CFT:

* Impurity problems in 1+| dimensions. Interaction of bulk CFT with an
impurity which preserves conformal invariance

e Kondo effect

* Topological interfaces, classification, fusion of interfaces Bachas and Brunner

e Compact bosons give the effective description of interacting fermions
systems in |+]1 dlmen5|ons via the theory of Luttinger |IC|UIC|S (Radlus

- £l :.‘ K : Ca s - ) ht .'-'- l)f —ﬁ(‘ g :l__ ‘-{- . . A ‘_" Adr a2l $ do BP0
A L3 ™D [} o 'Th . ® - - * " i ¢ » b 2
A g L, o b e~k IS P N o T s e W g S L SO E -4-., L Y N D R | e PN G I B PR Ty e S

- 4:-.




Janus solution: holographic description of a codimenion | conformal
interface in AdSq 1 preserve SO(2,d-1) of SO(2,d) symmetry: Use
AdS, slicling of AdSg41

ds® = dx® + f(a:)dsidsd ¢ = ¢(x)

as 2 — xoo thedilaton @ — @+

conformal boundary: divergence of
conformal factor of the metric ©* — =0

2| x|
et cndat 652 (e diZiaiaded s iiadodeade Vo ngtanzizl

Divergence in three limits © — +oo and § — 0



2| x|
e
ds® = dz°

& (—dt® +dxi + - +dxg_o + dE7) +o(e ")

as z — +oo the boundary is R“*"2 x R, spanned by ¢, 21, - ,Zq_2

and ¢ € [0, o]

as £ — 0 theboundaryis RY9~! and distances in x shrink to zero

In Poincare coordinates the spatial
section of the boundary consists of
two d-| dimensional half planes joined
by a d-2 dimensional interface.

(complicated) map to Fefferman-
Graham coordinates possible

Skenderis and Papadimitriou
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Holographic interface solutions
Solution of type |IB superstring theory locally asymptotic AdSs x S3 x K3

Ansatzz  AdS, x S° x K3 fibration over Riemann surface Y,

e AdS3 x S° has global bosonic symmetry SO(2,2) x SO(4)

*| dim conformal defect preserves S(O(2,1) corresp.to AdS,

S
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Holographic interface solutions

Bosonic fields of type IIB supergravity depend only on ¥ and are
consistent with SO(2,1) x SO(3) symmetry

metric:  ds® = ffdsidsz + fidsss + fgds%{?) + p?dzdz
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Holographic interface solutions

Susy variation of dilatino and gravitino vanishes for unbroken susy

(

0 (T'- G)e

1 1 et o
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= D,ué‘ oE

Expand € in terms of Killing spinors on  AdS, x S* x K*
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Holographic interface solutions

Local solution: All bosonic fields are expressed in term of

2 holomorphic functions A(z), B(z)

2 harmonic functions H(z,Z2), K(z,Z2)

Satisfies all equations of motion and Bianchi identities of type

Il B supergravity

axion/dilaton: Phtie, L (BB i (BBl
xion/dilato Sl 4(A+A — )(A+A - )
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Holographic interface solutions

Globally regular solutions: All metric factors and physical fields are
real, no curvature singularities. Imposes conditions on the harmonic
functions

* Riemann surface 2 has boundary )Y, where sphere closes off, i.e.
the metric factor fo — 0

* Harmonic functions satisfy Dirichlet boundary conditions on the
- boundary, except for simple poles |
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Holographic interface solutions

Counting of moduli of regular solution on the half plane

n

. CH,i . .
H =1 Z 1t 4 oce n-3 positions of poles , n residues: SL
=1 T LH (2,R) fixes three positions
2n—2
. C . . _ e o
P Z A 2n .2 positions of poles , 2n+2
T U~ TA residues, one constant
ol 8 N2
B = By==i=1 (v — i) o H | overall constant
2n—2(u s ) <
)1

K(x,y) =K(z) + K(z) is determined
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Holographic interface solutions

Expansion near pole of H
BT re'?
r — ( gives asymptotic boundary region

n = number of poles of H
number of asymptotic AdS regions
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Holographic interface solutions

Expansion near pole of H

BT ret?
As 7 — 0 two sphere and O make
three spheres in the asymptotic
region

ds® — -+ R ,5(d0” + sin 6°ds3,)

three spheres carry four charges: DI, D5, NS5 and FlI. 4
(n-1) independent Page-charges
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Half BPS Janus solutions
Simplest case: n=2, i.e. two poles of H and two asymptotic AdS regions.
Simple deformation of AdSs; x S° with RR flux

Exponential map takes 2 to infinite strip PR |
I H — 0
3 a: LE f1 — o0 fiee
Lok S 200, OO] H — oo IAEENEe
e




Half BPS Janus solutions

1 4 cosh?(x + 1))sech® + (Cosh2 0 — Sech2¢) sin” 1
(& —
axion and (COShQE — cos y tanh 8)2
dilaton: k? sinh 20 sinh z — 2 tanh 1) cos y ’
i =

2 coshxcoshf — cosysinh6

1
Plot for ¢:§,9:O,b:O,k:1L:1 dilaton jumps !



Half BPS Janus solutions

1 4 cosh?(x + 1))sech® + (Cosh2 0 — Sech2¢) sin®
(& —
axion and (COShQE — cos y tanh 8)2
dilaton: k? sinh 20 sinh z — 2 tanh 1) cos y ’
i =

2 coshxcoshf — cosysinh6

1
Plot for v =0,0 = §,b:0,k:1,L:1 axion jumps !
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Half BPS Janus solutions

holographic interpretation: Two combinations of massless scalars

e_Qq)f?fl and Y — k*Cxk

coupling constant of 2d CFT ( &) blowup mode of orbifold
dual to A = 2 operator Oy dual to A — 2 operator 1j

on
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Half BPS Janus solutions

What are the operators o andTp ? N=(4,4) SCFT. For simplicity
consider (T*)"/S,, orbifold

1

I. S 47‘(‘ d2 Z (aX’L aaX’L NG/ —I_ ¢’L aawz a —I_ w’l Cl,aw?/ CL)

Oo (h,h) = (1,1) descendant of Zwaw& (h,h) = (1/2,1/2)

= Z 0X; 40X, o+ fermions = Jump in coupling constant
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Calculation of Boundary entropy

Divide system into subsystem A and complement B

Sa = —tru,palogpa.  pa=1trygp is the entanglement entropy

The entanglement entropy for a system with an interface

i Ot where g is the g-function, i.e. boundary
24 6 log iy 024 entropy of folded theory

Cardy and Calabrese

holographic calculation of
entanglement entropy in AdS/CFT

y A ° O { X . .
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Calculation of Boundary entropy

Minimal (static) su!*face for ds? = da? + f(z)
nonsupersymmetric Janus

AdS-slicing Fefferman-Graham

UV-divergence as || — oo is regulated by cutoff.

For BPS-Janus solution: trace over all states with R-
charges in entropy is equivalent to integration over

three sphere
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Calculation of Boundary entropy

For BPS Janus: minimal surface 7 spans 2, two sphere atz = 2g

in AdS>
AO.v) = [ [ do [ dy (1253) % (*13) = vsz/d:cdyH;Q

A is divergent as x — 00, and has to be regularized using a UV cutoff
The boundary entropy is given by the difference of A and the area of the

minimal surface in pure AdS with the same radius
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Calculation of Boundary entropy

For BPS Janus: minimal surface 7 spans 2, two sphere atz = 2g

in AdS>
AO.v) = [ [ do [ dy (1253) % (*13) = vsz/d:cdyH;Q

A is divergent as x — 00, and has to be regularized using a UV cutoff
The boundary entropy is given by the difference of A and the area of the
minimal surface in pure AdS with the same radius

0
AdS: 9:O—>de— &l @D) Ao ln\/coshw
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Calculation of Boundary entropy

For BPS Janus: minimal surface 7 spans 2, two sphere atz = 2g

in AdS>
AO.v) = [ [ do [ dy (1253) % (*13) = vsz/d:cdyH;Q

A is divergent as x — 00, and has to be regularized using a UV cutoff
The boundary entropy is given by the difference of A and the area of the

minimal surface in pure AdS with the same radius

A(ea %b) S _AO . 2c
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Multi Janus solutions

What is the holographic interpretation of the solutions with n>2 ?

dé? — dt?
£2

1
= (£2dr” + d&* — dt?) + £2dsg,

1
ds® — T—Q(dTQI

)ds%g

LA1 TA2 TA3

0

BB la e Rzl

n asymptotic AdS regions : n half lines £>0

glued together at a point ¢ — ()

A junction (star graph) of n
CFTs defined half spaces
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Multi Janus solutions
What are the CFT’s ? Counting of 6n-4moduli of BPS interface solution

n 3-spheres: support D1,D5, NS5 and Fl charges: 4(n-1)

Attractor mechanism: in each asymptotic region 2 scalars are fixed

—@ Q — @
€ 1 € NS5
QDl f 3 QD1
3
D) Q 0
e D5 e QNS
W ~ _ ‘.j_¢_ ..&q i _I:.‘\(:. s —‘ ., '@. ' _ 2 P _ ,'-_- o '. .. i e




Are these solutions related to configurations of branes in flat space ?

Bound state of D5 and NS5 branes wrapped on K3 and DI and Fl in

six dimensions all preserve |/2 Susy of six dim Sugra and are selfdual
strings

SO Q%} . (P+C(6)Vf6))aﬁ (C&b)PM s (0(4)Fr,;)abZZL)

Just as in Sen’s string network:
junction of /2 BPS strings in six
dimensions preserves |/4 of susy if
strings intersect in a plane and angles

(b) are correlated with the charges

Figure 2: (a) Three string junction (b) multi-string junction

Near horizon limit: enhancement of supersymmetry and coformal
symmetry
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Conclusions

e Exact half BPS solutions which are locally asymptotic to AdS3 x S° x K3
* n=2 solution supersymmetric Janus solution
* n>2 solution dual to junctions of n |+1 dim CFT’s

* Solution has 6n-4 moduli identified with physical parameters of the CFT
(Brane charges and expectation values of marginal operators)

o Calculatlon of boundary entropy for radlus ump for supersymmetrlc i

gt A s -‘ : -'".h"."‘ i O ihe -ﬁ."..- f
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Conclusions

Work in progress

e Calculation of reflection on transmission matrices for junctions using

holographically

e Calculation of boundary entropy for the junction

e Comparison to CFT for junctions with radius jumps
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