Holcgrphg & a codimension-2 defect CFT

Dimitrios Zoakos

University of Patras

December 20 Athens Xmas Workshop

Based on work with G. Georgiou & Q. Linarclopoulos
JHEP 09 (

W TR Y
>




59 nopsis
Motivation - state of the art

The Dj——brane ~ E’:mbeclcling & BF bound

Holographic IPt function of T/w

XK Hologral:)hic Ipt function of chiral primary operators
b < Field theorg aPProach & Ipt functions at weak coupling

* Comparing strong & weak coupling results

* Conclusions & future directions

A Tan, e i - S aaliil N R Whder e i e ST e e pY NN A el PSS SE= S S5 SN e W
T TSGRy 2 e s TN - <




Motivation - state of the art
Cl clynamlcs in the presence of defects describes a Plethora of Phgslcal

5gstems o 'Dounclarles/ interfaces to objects such as WL, s’mngs and branes.

Defect foreaks, Partia”9 or even completelﬂ) the conformal sgmmetrg of the

arttl

Characteristics
of the dCFT

bient CFT = renders the calculation of o

|
DSCI'va

bles much more involved

defect preserves some amount of SUSY?

BC’s associated with the defect are intc—:graHe?

co-dimension of the defect?

Main focus = codimension-2 defects in the context of gauge/ grawtg clualltg

-~ A St ——qﬁ%—vﬂ— P NI » e ARt A e e Yo TP IR S DY « e a2, L —— —— WM e e £ R

e~ —— e T P e ST DT

T N T



' AClS/ CFT = defects correspond to extended objects in the bulk = 6.2 Probe |
bmanifolds of the AdSs X S°

Defectin N = 4 is realized

branes wrapl:)ing aPProPriate sy

Codimension-1 case: D3 /D5 brane intersection |

bg a stack of D§~'

branes encling on a D5-brane,

Preserving N=(4+,4) 5up<—:r59mmetr9 on the defect.

Hologral:)hic dual: Probe D5-

brane wrapping AdS, X S? inside AdSs x S°

Codimension-2 case

Natural holographic duals are branes with a worldvolume that contains an

AdS, Facto__r_ and wraps internal cgcles
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Codimension-2 case: Gukov-Witten defect

Holograplﬁic description: a Probe D5 wrapping an AdS; X $ - preserves | . SUSYf

FT side: classical solutions with non-zero cliagonal vevs for some of the scalar fields

e clel:)enclence dictated

Vevs exhibit a simple Polc—; on the _C_:_IC‘FC_Q_’_E_ =3 Spacetir

conformal invariance

\/erg imited list of examples
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The 5gmmetr9 of the induced metric is

AdS; x S' x §° & & it ends on 2d D3 ¢ | o oo

D5 probe || o o |o | o ®
~ submanifold on the faounclarg ot AdS -

Embeclclmg ansatz Depencls on 2 Parameters
2 .
- = 2.0 - -
=0, f==, 7=0 & z=or

K

4 + 6°

1.5

;._A: ,cosﬁdy with: x —

O<o<n/D)

|

=
-
| i o/ 8 — 02

0.5
» 0.0 L.
Z Horizontal green Plane — boundarg of AdS i
- & ver‘ucal axis = holographlc coorclmate 7. D5-brane with xp, x,. f & y suppressed
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Blue surface = D5 brane & the

D5~,'3rane intersects AdS foclg at z=r=0 = defect is a 2-dimensional Plane |

bounclarg (xo & xl) = defect of cocllm~2

To quantize the flux imPose Sk = — [ e o

1 + 6°

that extends along 2 /4 directions of the

: n
becomes unstaole.

From the ﬁgure cJePicting the D§~brane

F K K\/E

/

G 2 T T

The induced metric on the D5-brane, after

3 change of variables

—dx§ + dxi +di* 1
o —dy? +df? + sin? By’

di =
ind .

AdS3 X$! X §° sgmmetrg omc the D5 brane becomes aPParent

72 o2

s the critical surface atter which the D5

(1,1)
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Examine the stabilitg of the solution = fluctuations of the transverse coordinates.

acquire masses which are above the BF bound = m? > — ]

From the Point of view of the Dﬁ-i:)rane these

fluctuations behave as scalars propagating on AdS;

Introduce fluctuations around the D§~f3rane solution for the world-volume

gaugc—: ‘EélCl & ‘FO!” transverse coorclinates

Interested in the time evolution of the fluctuations (detect taciwgoﬂ

Transtormation from time x, to proper time s
instabilities) — clepenclence onig on the time coordinate X Lo

) ~o0zds)=0 = m=-06 = ofl

%

puts a stronger constraint than o < 2\/5

EOMSs for 68, 67 and 6A are trivia”y satished and EOM for 8 does not put

any further constraint on o
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Holographic Ipt function of i
important observable

Codimension 2 defect theorg without any defect
(1,,) =0

Codimension 1 defect

]
%
|

Conformal invariance constrains space~time structure up to a function h(gy, V)

- u,v=0,1: coordinates

| ;f]ﬂy h r' = radial distance
' éalongthe surface defect <T > T h . <T> —_— — (4 n-1n. — 3 5) & <T > e O of the Position of |
R? embedded in R* 5 r4 ¥ r4 . : = 1 from the defect |

Choosing the Position of the oPerator
T/w at the bounclarg to be x™ = 10,0,0,r"}

Unit vector normal to the defect

5 e, ree)
i A P IRA A  APRNIPI A F G P I AABIDS RGN .

<T00> — <T11> = <T33> = % & <T22> e 3£ = <Tmm> =0

e = s o - T—
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h contains the Part:cularltles of the speoﬁc clegect CI:T = Calculation at strong

COUPIIﬂg Uﬁlﬂg holographg

115 dual to the fluctuations of the AdS metric 9 =

]Pt function of the SE tensor in the presence of a

< x> = lim( og..(x,2) - : JDYe_Sbfane[Y]
Ve o) : Zbrane

4
1
|

:

Atstrong coupling, path intcgral is dominated by
| fjedc:ling of the DPJ

to the classical solutions Y clescrlf:)mg the em

gmn T 5gmn

"heavg" object (Dp——brane) 1S

bulk
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Eixl:)ancling the DPJ:)rane action around the classical solution, cancels

the Partition function and the lPt function becomes

aSbrane [Ycl] |
T (x =—lm( og.;(x,2) - + 08, (Y, W
509 e = = i < L peeTee e >
5g,, =0 bulk
13 (337 0) . ,
j T 1, sitsat the Pomt (x,0) on the fjounczlarg of
AdS & (y, w) 1S a Point on the Dp~brane
5gTTLTL
Generic variation of a Probe DP~PDrane action
with respect to g,
(00,0) (0,0) gs, . 0
.o e _ 7o [ o oy
008 1 28
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Substltute e\/ergtlnmg in the exl:)rcssmm for the ll:)t func of I, = use the classical

5o|ut|on for the DP brane & the f9u||<~to~f30unclar9 Propagator for the graviton :

Pemcorm a 6-dimensional integral

232 (202+1) ] 1

<T22>=—3<Too>=—3<T11>=—3<T33>=—3l— -
67:303\/ 8 — 6289,

r4

hstrong

This result has Preciselg the form that is dictated 399 conformal invariance




Hologra Ph i pt function of chiral Pri mary operators
The Ipt function is non-zero onlg when the CPO
respects the S O3) X SO3) symmetry of the defect one of the most imPortant data in defect CFTs

brane = choose the proper spherical harmonic

Per‘cu b thc 1 5 F),
| , g = iR <H—1 ) dXMoXNh & —F, i
Euclidean action Dt v T e . 1 . T P@apea
induced h,, & ay: fluctuations of the metric & of the RR form in |
Oa (X“) metricon  terms of the SUGRA field which is dual to the CPO |
the D5

CPO is located at the bounclarg Point
X’u s (X()9 Xla r,a l/j,aO)
xH(C) denotes an arbitrarg Point on the D5 brane

Wavu line represents the uctuations of the metric
Y I
& omc the 4—~1Corm.
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Ist order fluctuation of the DBI term, for the speciﬁc D5-brane embeclcling ansatz
i - : 16 2 ; 2
iy = L0+ 252 - "+ s ) R4 4

2r3634/8 — 62
A

32 9(] L o
| = H176 (K a2 [(XO—X())2+(X1—X1)2+I’2(1+02)+r
O

A

SUGRA field s which is dual to the CPO

K=22+ (5= X)) + (5, = X)) + 2+ r2=2rr cosy—y')

,2]]

Substitute the value of s & start

; 1 24—A 71.3

integrating with respect to Xy, X, 1, , p&y

Contribution __ S — —
Z pBI = 2.V + B, + B3 W5 | ca YA(O)

£ (1+ A)o+/8 — 62




1
‘PI—J dy sin® "y Py \/1 | 2sin2)(
0

8(5A%+A—4)0*+A(17TA—15)0*+32A(A+1) o

El = (1_A)0-2 T
= 2 - B — 7d 1+i sin” y sin® P(O) 14 : sin’
:2:32(A(7 A 1), B = 1A 2 . A i £ ' i
54: 1 — A 0'2, E5ZA—E4 2 1 1 .i
L2 L5 =J dy [1 - — sin? ;(‘ sin?> y PO <\/ 1 - sinz)()
. = A o

¥, ¥, & ¥, cannot be calculated for generic values of A;

Pélkl(x): associated Legenclre Polynomials
however, for spechqc values of A the integrals can be Pemcormed

1 ;
WZ_ contribution PV = 4ixsinp AdS[ 29 — o grra,,]s

I DFE R gl ¢ ot
gContrlbutwn — ( ) E4 \112 4 E‘S \Ijl . YA(O)

S b e




iAo—A-5 A+ o Vi1

N\ (strong)  _
<0A(T)> W\E A+1+/38_ o2 A — 1 /A
x| (9A% —15A +8) U3 —8(A —1)(3A —1)¥y + 16(A — 1)AT3
forA =4
A 1 1 -
<O4 (T/)>(Str0ng) v f T d (50_4 0 560’2 + 96)

16 /157 r'* 05+/8 — 02

straiglﬁt{:orward to evaluate the result for CPOs of arbitrary large A
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Field theorg aPProach & Ipt functions at weak coupling

What is the dual to the Dj-brane defect CFT?

2 1 i P - i 1 >
,C_/\/:4: 5 tr{_z ,uVF'LL —§(Du¢z)2+§¢lﬁ¢‘|‘§¢r+3 [szaw]_FZ[SO’L?SO]] }

EOMs of the bosonic fields with Aﬂ = {

; 1 ety dfy 1 dy; |

Ovpispil =0 & 0"Oupi = | @5, 195> il ¢ FEammswme
Ansatz that solves the EOMs FT dual of the D5~Pro}:>e

1D G0 e

;=0 & w3=0%.0")==" 1 kxk Sy with 4=1.,2,3

3 e i Pit3 ( ) 7’ _ O(N—k)xk O(N—k)X(N—k) I NN |
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Comments

The choice of the solution is dictated ?99 the fact the D5-brane sits at 7 = 0
= imPIies that onl9 the 3 scalars related to S?(8, y) should have non-zerovevs |

= P4, P5 & Qg

L realise a k-dimensional irreducible representation of 31 (2)

In the dual gravitg clescril:)tion) k Corresponcls to the integer flux through the

S*(B,y) C S’
1

Solution scales as = Manitestation of the conformal sgmmctrg

the sgmmetrg of the

I

brane is AdS; X S! = existence of §'- related to the angle A

W = exPectation value of the scalar fields should not clepencl on Y
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Ipt function of T, at weak coupling

The relevant part of T, containing onlg scalars

0 %

2
9y M

SCalars 2 2 1 1 _ 1
el -tr{3 (Outpi) (@u%) o (0,0u0:) — = M | (B00)* + = [04, 03

T 1= B2, 0

‘ Substituting the classical solution
P 0
- we obtain the form that is dictated

from contformal invariance

2




Ipt function of chiral primary operators at weak coupling _;

59mmetr9 of Di—-forane = onlg oPerators respec’cing
the SO(3) X SO3) symmetry can have non-zero ]P]C

The most generic CPO of
N =4 SYM can be written as

NS
L me
DXy = ¢ It Cﬂil(x)éﬂiz(x)- : -%‘A(X)
A7/ A T
Scalars of the theory
O 1.OA A = Tensors C12+'a gre symmetric
%) )0 . 7 =y & ChbizChia — § Il
(O, (%) Az]z(y» x—y 20 il.zi:‘:l i 2 " and traceless in the indices Il

Normalization for C;** implies the normalization of 2pt of the operators

aa— 4
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><>

Sphcrical harmonics of S° can be writtenas = Y Ar C e

x s are components xl Y xz 4 x3 L

2

174
omc a unit vector :
174

x3+x4+x4—c
6

=1

Substitute the classical solution

' For each even A = 21 there is a unique 50(3) X 50(3) symmetric CPO = O5(x)

(871'2)% (k2 . 1)A/2k

ITV/A  (24/2r)A

(O5(x))ee) = YA(0)
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Comparing strong & weak coupling results

Agreement between the leaclingterm_ in the exPressions for the weak & strong

k K

Coupling inthe limit — = — > 1

non-trivial test of the Correspondence

Situation reminiscent of the BMN limit = engjneer a quantitg (here: —

A
BMN: ﬁ> which can be taken

Then one compares the observa

Wt 7
Similar agreement for the CPOs in the

codim-1 SUSY D3-D5 & non-SUSY D3-D7

A
k%,

to be small at weak/strong coupling

bles order bﬂ order in the small quantitg
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_1Pt function of TH_U

e E >> ]. > O — O & k‘ — — h(weak) - h(strong) . \/;
4402 TTO . 24gYM 7-‘-30-3 |

> .
S
=
x
|

G\/8—02

_lpt function of CPO’s

- Expancling weak & strong coupling exl:)ressions near ¢ = 0, we find agreement!!!

o A — 4

3oy

10 7o 4

<@4(r/)>(weak) — <@4(r/)>(str0ng) Lt




Comments:
k 1

* dots denote sub!eacling terms in the Iarge 7 ~ — expansion -
4 8 .
generica”y do not agree between weak and strong Coupling

© we have checked that the agreement Persists at least up to- A — 40

the leacling term of the IPF for CPOs

of generic dimension A = 21 is

AA+1) nodtl ra

At it A\/ A+2  glEAtl

1 N\ (weak) __ ax(irons) .y 1= b e N
(Oa(7)* = (O = 1)2\/ = e

Expression derived bﬂ expancling

the weak Coupling result
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Conclusions & future directions

New holographic clualitg: a non-SUSY defect CFT & its gravitg dual

FT side: defect is a flat 2d Plane = RUD or R2

Gravitg side: novel solution of a D5 brane clepencling on a Parameter

0<o<1=wrapsanS?cS= carries k units of flux = induced metric
o

symmetry AdS; X S I x §2 = brane ends on |

LD = codim-2 defect

Holographlca”g calculated the ll:nc function of T L, & CPO

Weak couplmg Calculations usmg the classical solution that 's dual to D5 brane
APProPrlate limit = agreement between the weak & strong couplmg results

Agreement Prowcles strong e\/dence 1N Fa\/or omc the Proposecl Aual:ty
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Inour case(T" ) =0< both the space‘cime & the defect itself are flat

Generica”g

ch cle?ect via—17) embeclclecl N a D~clim sl:)ace Xy m=01:-D- 1) =
Wegl anomalg associated with the defect is

|
o b b
S il e Y (b‘%def_l'dl e Loy )

defect's intrinsicT T T Pu”back of the Wegl

scalar curvature £ Part ik tensor to the defect
: second fundamental form
f:) d &d, = | | P Strong/weak coupling
cle&:ct central h=———-— d agreement for d, Weyl
| 27 3vol(SP-3) D — : /2/ 7

CNaregces anomaiyy CoOCrnicicr
h g lg H t

D is the # oF ClImCHSIOﬂS that the defect |1ve5 = 1)
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Future directions

Calculate the remaining anomalg coeticients - b & d,

Include a new tHPC of defect I

between

brane that interpolates |

the D3/D3 & D3/D5 intersections
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symmetry of the D5 brane = AdS; x ! x S?

brane solution clcpencls onZparametersc & p = a combination of ¢ &

D determines the value of an angle Wy = radius of S2/81 s cos W,/ Sin yr,

as thc radius of S2 increases the

radius of the S! decreases

. j‘cos i, = 1 = radius of the $? becomes

maximal & S! shrinks to a Point

o | = cosyy=0=size of the
52 goes to zero = 2 of the
directions of the D§~brane
shrink to zero = D§~brane

N B AL " RSB P AT i e At A e Yo
R T TR I T Sl % - J L > —
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two endpoints

1 1
( dxg abcl2 (1 az)drz)

dy? + (df?* + sin® fdy®)

dvs =
ind -

ds’,=——(—dx; +dxi + (1 4+ 6%)dr*) + (11 12)dj72

r2c? c
SLISY D) brane solution which realizes the gravitg

clual o1c the Gul<0\/~Witten 5ur¥ace oPerators
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Supersgmmetry

Stuclg Poincare & conformal SUSY’s Preserved 59 the solution

Stuclg the sUSY # of inAePenc ent spinors for which the SUSY variation is

variation of the 2augino zero is the # of the Preserve& (super) ~conformal symmetries |

CFTmetric: ds? = — (dx®? + (dx!)? + dr? + r* with Sy = (ZFWF”” +D,pl* G —[gol, @; ]l rz J+3>€1

Pomcare SUSY varlatxon

Inserting the classical solution 1 runs from O to 3 while i runs from 1 to &
X 2,i+6 X3 3,i+6 . I +6,j+6 : e 0 "
oy = ~ e Q7. - P4 0T 2\/5 . e 1" ® I with 7, = O(N)_kkxkk ; ’f_X(N k)_ .
; | Vv—myxk ON—k)x(—k) | NxN
| ’COCUS'”g on the term Prol:)ortlonal to None of the 16 SUSY's of the backgrounci s
)
% = fy=0 = I'*% =0 = ¢ =0 Preservecl in the presence of the defect
r

f Analgsls O]C the sul:)ercomcormal SUSY’s trans?ormatlons =5 a” sul:)ercorncormal sgmme’mes are broken |
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