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Abstract: We review recent results on the calculation of one-point functions in dCFTs corresponding to N=4 SYM with domain walls, discussing
supersymmetric as well as non-supersymmetric cases. In particular, we address the integrability properties of the theories and the status of the
comparison to dual string theoretical computations.
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O,

1.

V.

Plan of the talk

The (domain wall) AdS/dCFT set-up and its parameters

One point functions and their integrability properties
with and without supersymmetry

Comparison between gauge and string theory
in a double scaling limit. Positive test of AdS/dCFT with and

without susy.

Summary & Open problems
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The defect set-up

N =4 SYM

(ro, a1, ro)

U(N — k) U(N)

(§) =0 (6) # 0
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Classical Fields (simplest case)
O £0, i=1,2,3, 0 =dd =0 =0

4 0, W4=0  Assume only x; -dependence and x;>0

) ,.l
: : d* P ; 1 xc
Classical e.o.m.: i {(T)lj.l_l [(T’(.,‘l- (T):_.IH _

0
(x5 is distance to defect) (I{."I..'g’

Solution: Pl — 1 Ui)i.-x/\- 0 i —=1.92.3 Constable, Myers
' rs 0 0 & Tafjord ‘99

where t; i=1,2,3, constitute a k-dimensional irreducible repr.
of SU(2). (Nahm eqns. also fulfilled.)

Set up ¥ BPS (for appropriate choice b.c. for zero-modes, Gaiotto & Witten ‘08)
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AdS/dCFT --- The string theory side

) : 5 4 s (
Y TR (T S T S P B P ) CLN TN T
D3 X X X X
DH % X X X X X
D5
N-k
] N D3’s

) Karch & Randall 01,
Geometry of D5 brane: 445, x S*

Background gauge field: k units of magnetic flux on S~
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Supersymmetry

Brane geometry

Flux

Fmbedding syimmetry

Gange Groups

>
Q.

D3-D5

[ /2 BPS

AdSyx S?

SO((3)x SO(3)

SU(N), SUN — k)

D3-D7

None

AdS,x S? x 82

/-‘| \ Irﬁ-‘.)_

SO(3) x SO(3)

SU(N), SUN — ky ko)

D3-D7
None
;\(]Hlx' Q4
de; f“'fl'llu'i;‘mua:;l

SO((5H)

SUN), SUN —d¢)
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The SO(5) symmetric D3-D7 brane case

P | (Irh"w; u). i=1.2.3.4.5, ¢ =0
{", \/ \\ r o /

G, G| generate a certain d¢-dimensional

Yy 1
where G

irreducible representation of SO(5)
Construction of G;: Start from the 4d gamma matrices
{"‘}._-J‘ ,..;’} f— &-—')(53[* [__\-, —_— I _____ )

(vwR1IQ...01+...+411...0%i)sym

noLerims

(3!

3n!

L _ | |
=glnT L)(n+ 2)(n +3)
)
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N Ay £ +$ n Aafarty C T
Novel teatures in defect CFIs
) ~ . . Cardyv "4
BlaT=-aYallalhiBlaTaadTala d aly
l‘ UTTE }JUJ‘ ILTUTNICUIorns S
oy
&,
¢ YehAarm b1~
vIL/ - o

(C)SIH\-(,{] | .:')C)"_'_\”,H"(; > .1")>

A
NArm )
I\ ( 5
NO P ‘” AN
p) oAt £ - Aiffarant canf Aimc
Z O-poiNt 1L | difrerent cont. dadims
o) AivmA ~— ] PR T R I et £ AlAe
\ived correlatore involvine biille and detfte eld
J. wvilxXea caorrelato 5-.m.@-u.|:-(; DU JdINTA AeieCt elas
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One-point functions --- Motivation
Possibly the simplest observables beyond the spectrum

Integrable cases, closed determinant formulas

Give a positive test of AdS/CFT in a situation where
conformal symmetry is partially broken and susy symmetry

Is partially or fully broken.

Interesting connections to statistical physics:
Matrix product states, Quantum quenches

Provide input for the boundary conformal bootstrap program
1+2=3

Page 10/35



Main questions to be addressed

Ly

™ Is the one-point function problem integrable ?

Can we match one-point functions from gauge theory and string
theory ?
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One-point functions
and their integrability properties
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One-point functions in gauge theory
Scalar operators can have non-zero 1-pt fcts already at tree-level

Wish: A Systematic approach to the computation of 1-pt functions
of conformal scalar operators using the tools of integrability

Consider single trace operators built from the scalar fields

Tv(di, Piy oo iy ) ~ ".»"511 Dioy o v - O 1.-)

\

Eigenstates of length L |u;, v, v, )L
characterized by three sets of rapidities {u:},2,. {v/ Y. {v, }L,
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One-point functions at tree level
C{ui, vl 00 })

(Oa(r)) = (Tr(dy - pin) + o) |y o = ~
.

deleeuw, C.K.

Matrix Product State associated with the defect: |
& Zarembo ‘15,

(D3-D5 case for simplicity)

H\”)S]J Z: l‘l'lf,'; C. f,'[ H()M c. (_-"),'[7>.

Object to calculate:
(MPSy, [{ui,of v},

Qoo e o 1)

(@ ({H,‘.'('I; Uy }) —

NB: Parameters:
L =A,
M. Ny, N_ number of Bethe roots/fields of various types,
(N_ =0: SU(3) sector, N_ = Ny =0: SU(2) sector)

k representation label
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Solution D3-D5 case

Selection rules: de Leeuw, C.K &
Linardopoulos, 18.

@ ‘fﬁ__l\lltml(‘mum of Bethe state equal to zero

e N/ and [ A ‘\" - N even

e The rapidities come in pairs, i.e. {u; b, {o] }.{v; } = {—u;}, {—a‘_}i boA—v}
Follows from the fact that Qa,,,1|MPS;) = 0 for all n € N,

Result for Cy,:

o Bxact formula valid for any, L, M, NT, N~ and k

e [ixpressed in terms of objects well known from integrability

Baxter polynomials Q(u) = 1—1?1 (=), Qy(v), Q_(v)

Determinant of Gaudin matrix, &

<{(!,—.(-’J-| LU }l{“i-”,;‘ , U }) det G = det Gy det GG

Transfer matrix in higher reps (or some projection thereof).
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Solution D3-D5 case

de Leeuw, C.K &

wsult for O :
Result for h Linardopoulos, "18.

e Ixact formula valid for any, L. M. NT, N~ and k

(190(6) QOIRGIREHIR)  m 0. ] detGq
= TR il : -
: Q1 (0)Q4(4)Q_(0)Q_ (L) detG_
& Qy (v +ia)Q_ (v + ia)
T, (x) = L (z + ia)" - |-£i lf_i'_). . (2 }-.u) -
. Qe+ iaH 5_)_)(‘_)(‘_1' Fa(a 3))
e Can be |)t'()\:‘t'(] :lll:ll_'\'li(':l“"\’ for the SU (2) subsector ( N po= N_ = 0). ‘I“I C K \
Here T, is the transfer matrix in the n + 1 dimensional rep. Zarembo. 1'5.
e Has been checked numerically up to L = 16,k = 6 for SU(3) (N_ = 0). de Leeuw, CK
(Involves summing 10 terms.) & Mori, 16.
e Has been checked numerically up to L = 8,k = 6 for SO(G6) L '
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SO(5) symmetric D3-D7 brane set-up

Selection rules: de Leeuw, C.K &
Linardopoulos, 17.

e NMomentum of Bethe state equal to zero
m,

(L. M,Ny.N_)=(L.M,M/2 M/2)

——
~
-
——
v,
—~
—.
N
—_—
-~
—
——

e ['herapidities come in pairs, i.e. 1.’@},1” },1” }

Follows from the fact that Q2,4 \\.\[I’.H,J 0 for all ,‘n € No
Result for C),:
e Irivialises for SU(2) sub-sector, N_ = N, = 0. ( > M =0)
e Trivialises for SU(3) sub-sector, N_. =0, ( = N, =M =0)

e No closed expression found for the full SO(6) sector (yet)

Should we expect a closed expression?
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SO(3) x SO(3) symmetric D3-D7 brane set-up

de Leeuw, C.K &
Selection rules: Vardinghus, 19.

A

e Momentum of Bethe state equal to zero

e [, and M even for SU(2) sector

NB: Q3| M PS) # 0. Hence no pairing of roots

Result for C),:

e No closed expression even for the SU(2) sector
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Relation to quantum quenches

n) of one Hamiltonian H.

Prepare quantum system in eigenstate
Have the cigenstate evolve under a different Hamiltonian Hg + H,

my

or
\|.'()>

which is not an eigenstate of its Hamiltonian Hy

Set out quantum system in initial state

Study time evolution of local observable after a quantum quench:

(O(t)) = (Wo|e o' OeHot W)

X(ﬂ*h\n) (m|Wo) (n|Om)e Em—Enlt

T

Role of MPS: (MPS H'H,‘.'(‘_; U }) ~ (Initial |[n) = (Vy|n)

Assume Hgo Hamiltonian of an integrable spin chain

Piroli, Pozsgay

= I Vernier "1/

Proposed criterion for integrability of MPS:  Qay, ([MPS) =0, m >

NB: Imply pairing of roots for Bethe states in order to have non-vanishing overlap with MPS
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Motivation

(i) Fullfilled for all cases where closed overlap formula is known

Piroli, Pozsgay

(ii) Discrete version of integrable boundary state condition "

Hmmrﬁxu'g Zamolodchikov ‘93

-D
< | g

Wick rotation

\V/

Initial state

Pure reflection Entangled (p,-p) pairs (22,4 I‘\lfl,> = ()
i i . . RVR fAr initial < _
BYB for reflection matrix BYB for initial state
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“Rationalization”

I £iE e RVR 1 - Ll
h fulfills BYB

s BYB of SO(6) spin chain and has the appropriate symmet
can be found for the two cases with (02,41 Nf._;) =0

[ 3 I I~ ~ &
D3-D5 brane case:

Kiij(u) = g(u)S:S; + g(u)S;S; + f(u)d; [5i. 5]

s
Kip(u) = Kyi(u) =0,

L€ LD,

Kyg(u)= h(u)d; .

Reflects the auxilia

-

D3-D7 set-up with SO(5) symmetry: Same idea works
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Rough idea: (has so far only been implemen

(Ml’ﬁl{u;}) ~ </\'{‘u$)f\'(u*) . /\'(u*)“;’(\u‘ ) ... Bupyg )l(}>

~ Partition function of vertex model with certaimn boundary conditions

(MPS| ~ (K (u™)

A
v

~

A 4

F. S
k4

[ ~ g~ o N1 . sl k- haarm mlamantad
For SU(2)-subsector: 6-vertex model: has been implemented

(3)-subsector: 15 vertex model

NfcY: Qo

For SO(6): 96 vertex model needed
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Supersyunnetry

Brane geometry

Flux

IMPS)

One-point functions

/2 BPS

AdS;x S°

Inteerable

Closed expression found

tree level and one-loop

D3-D7

None

AdS;x S® x S°

/|‘| . /:'-_!

Non-integrable

(e

None

AdS, x S

(n4+1)(n4+2)n43)
0

Integrable




O,

Comparison between gauge and string theory

@
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caling limit

,
es

The doubl

[
|

g
—
(-

ne
O

-
11
|

pn

Jie SCall

J1¢

Halel
LA L

N i | Y\
Sdnew

t

h

2S

LN

o)

a

=/

D5-brane

-

~Z

=

\/ /\

AdS;-boundary
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The double scaling parameter

O,

Supersymmetry

Brane geometry

Flux/Instanton number

Double scaling parameter

D3-D5

1/2 BPS

:'\f1H1>< H:

k

D3-D7

None

AdSyx S* x

/1'| . !1"_3

A
K+ ks

)

h.‘.

D3-D7

None

AdS,;x S*

(/(’_ (A ]H”,*,:][” F3)

(9]
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One-point functions of chiral primaries --- GKPW method

e Only one chiral primary with the appropriate symmetry for each (even)

conf.dim. A
¢ Find the variation 05, = MNSppr Sw )

\ . . . . . 1
e [ixpand fluctuations in terms of spherical harmonics on S

591 (X, Q) LL"M ) Yar(9)

o Pick YA;(Q2) the wanted unique chiral primary

e Replace saoy (X ) with a bulk-to-boundary propagator reaching from a point
> on the brane to @y at the boundary. Integrate over z.

To be integrated over

AdSg-boundary

xr3 |“iXd‘l]
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Néxt to leading order predictions

D3-D5 set-up:
LTINS S 10 E B (SR oot
(Y1,(0)) . im2k2 4(L - 1) ' ( {w2k? -

Grau, C.K, Volk &

D3-D7 set-up with SO(3) x SO(3) symmetry Wilhelm, ‘18
(Y, () ‘ » A\ I [
<}ll’. ([]J> Sugra l -T-). ( /]l-’],l | /'_; ) [AT‘ + A_:lg ( l‘ - I ] .‘w'i | l( I, { 2 ]()

| 'll,}ﬂ/{;: {(A]}I + (A;}] + (.A'|}1'-_)_.}:(:l, } Iﬂ COS l.(_";
FL(R2)? — (k)] [4(kiko)* (L2 4+ L — 1) + (k)" + (k2) ") (L? + 3L — 2)] sin l‘

N ‘ | ke
F O An2(k2 1 k2) | s @ = arctan by
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The one-loop computation in QFT

Two planar diagrams (no corrections to the eigenstate)

O,

Scalars, gauge fields,
fermions, ghosts

I_'_l
= 0 for D3-D5 (susy)
# 0 for D3-D7 (no susy)

Challenges

Diagonalization of complicated mass matrix needed (all scalars

have vevs for SO(3) x SO(3) case and mix with each other and the gauge field)
Propagators are in (auxiliary) AdS, space

Careful regularization needed (dimensional regularization in
combination with dimensional reduction)
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Comparison to string theory
D3-D5 D3-D7 D3-D7
Supersymmetry /2 BPS None None
Brane geometry AdSyx S* | AdSyx S° x S° AdS,x S*
[Flux /Instanton number k ki, ko deo = 2+ J["’lli:"["’ =
Double scaling parameter ,.'_\._\ 2 {\‘,: “\_,
Match with string theory Yes Yes Work
to two leading orders 1N pProgress

Pirsa: 19080054 Page 30/35



Néxt to leading order predictions

D3-D5 set-up:
LTINS S 10 E B (SR oot
(Y1,(0)) . im2k2 4(L - 1) ' ( {w2k? -

Grau, C.K, Volk &

D3-D7 set-up with SO(3) x SO(3) symmetry Wilhelm, ‘18
(Y, () ‘ » A\ I [
<}ll’. ([]J> Sugra l -T-). ( /]l-’],l | /'_; ) [AT‘ + A_:lg ( l‘ - I ] .‘w'i | l( I, { 2 ]()

| 'll,}ﬂ/{;: {(A]}I + (A;}] + (.A'|}1'-_)_.}:(:l, } Iﬂ COS l.(_";
FL(R2)? — (k)] [4(kiko)* (L2 4+ L — 1) + (k)" + (k2) ") (L? + 3L — 2)] sin l‘

N ‘ | ke
F O An2(k2 1 k2) | s @ = arctan by
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Comparison to string theory
D3-D5 D3-D7 D3-D7
Supersymmetry /2 BPS None None
Brane geometry AdSyx S* | AdSyx S° x S° AdS,x S*
[Flux /Instanton number k ki, ko deo = 2+ J["’lli:"["’ =
Double scaling parameter ,.'_\._\ 2 {\‘,: “\_,
Match with string theory Yes Yes Work
to two leading orders 1N pProgress
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Summary and open problems

N D3-D5 D3-D7 D3-D7
Supersyminetry 1/2 BPS None None
q 4 1 153 ) 1 §
Srane geometry AdSyx S° AdSyx S° x 5 AdSyx S*
[MPS) Integrable Non-integrable [ntegrable
One-point functions Closed expression exists
tree level and one-loop
Match with string theory Yes Yes work
in progress
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Future directions

Comparisons with string theory for one-point functions of
non-protected operators---f.inst. spinning strings

Comparison of two-point functions between gauge and string
theory

Derivation of overlap formula in full SO(6) sector (and for D3-D7)

Moving on to higher loop orders. Suggestion for asymptotic
formula exists --- need to understand wrapping

MPS and determinant formulas also appear for 3-point functions

Jiang, Komatsu &

involving giant gravitons. .

Vescovi ‘19

Boundary conformal bootstrapping using one and two-point
functions as input
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Thank you
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