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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
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' 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

|

*Holographic clesc:ril:)tion: a Probe D5 wrapping an AdS; X 5 . preserves | /2 SUSY}

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

. Vevs exhibit a @QQWM =5 Pace‘cime dependence choton bﬂ

conformal invariance

dcrT Provicles a controlled setting to stuclg correlation :
, : , Holographg to extrack 1Pt functions
functions in the presence of extended objects

Limited list of examples = Recent developments have extended this landscape with
5 5 P

non-SUSY codimension-2 defects realized via D§~brane conﬁgurations.

Expansion of examples s crucial for testing the gauge/ gravitg clualitg in set

ups Wltl"l less sgmmetry mvolvmg hlghewcoc]!menaon sgstems
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Tl’“lC D5~bl"a ne WraPs an S2 inside S°
The 5gmmetr9 oF the mclucecl metric i1s Tz Tr o W
AdS, x S! x $? & it ends on 2d D3 W B B B
?i l D5 probe || o o (o | o
submanifold on the Dounclarg of AdS —
Brane Orentabion
Embeclclmg ansatz Depencls on 2 Parameters
. 20
=0, p=— = & =07 |
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;._A: ,cosﬁdy with: x —

(0 < 0 <24/2) o
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|
|
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0.0 .,

Z Horizontal green Plane = bounclarg of AdS

‘ & vertical axis = holographlc coordinate z. D5-brane with x;, x,, f & y suppressed
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Blue surface = D5 brane & the

D5~,'3rane intersects AdS |
that extends along 2 /4 directions of the

To quantize the flux imPose = e — [ .=

:
becomes unsta

s the critical surface atter which the D5

§
DiC.

From the ﬁgure cJePicting the D§~brane

I

52272«.

Dclg at z=r=0 = defect is a 2-dimensional Plane RU.D |
bounclarg 58 = detect of codim-2

K K\/E

with k € N*

o’

10 elaborate on the cod~2. character = chang&: O]C

variables = induced metric on the D5 becomes

1 + 02 —dxi +dxi+di* 1

dy* + dp? + sin’ B dy?

di =
ind .

72 o2

AdS3 X$! X §° sgmmetrg omc the D5 brane becomes aPParent
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Examine the stabilitg of the solution = stuclg whether fluctuations of the

: : : 1 1 g
transverse coorclmates acqu:re masses whlch e above the Dl DOUﬂCl = m? > — ]

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

fluctuations behave as scalars propagating on AdS;

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

gaugc—: ‘EélCl & ‘FO!” transverse COOFChI"I@tCS

l nterested in the time evolution of the fluctuations (detect tachgon ; : :
| , T ; , Transtormation from time Xy to proper time s
instabilities) = clepenclence onlg on the time coordinate Xy

67(s)—06%67(s) =0 = m=-0¢* = ox1

%

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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T ‘ Holographic Ipt function of SR anomalg coetficients

|

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

APt R -

P e s ane =

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




h contains the Part:cularltles of the speoﬁc cle?ect CI:T = Calculatlon at strong

COUPIIﬂg Uﬁlﬂg holographg

/4

]Pt Function O?C the SE tensor in the presence O]C a "lﬁeavg" O

1 =$
T . - llm 5 X, 7) - DY e brane [Y]
< 1224 ( )>brane z—0 < g//w ( ) Zbrane J >

4
g
’ |

i

:

i
:
i

bulk

_is dual to the Huctuations of the AdS metric g, =808

bject (Dp——brane) IS

At strong Coupling, Path integral s dominated bg) a saddle P@ﬁﬂ"@' = corresponcls

to the classical solutions Y descri

bmg the em

~ TR e ot - ——— s
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E:xl:)ancling the DPJ:)rane action around the classical solution, cancels

the Partition function and the lPt function becomes

05 rane Yc |
< T/w (x))brane = —lim <5gﬂy (x,2) - b()ég [ 1] . 89, (y, W) >
' ol bulk

z—0
08mn="

T 1 sits at the Point (x,0) on the fjounczlarg of
AdS & (y, w) IS a Point on the Dp—brane

: L 1 l ,
Generic variation og a Proae D|:>~Drane action

with respectto g,

(0,0) 0S Y I
(ya’lU) brane [ ] P Jdp+lg\/z habaaymabvn
068 mn 28

\)




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




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

1
e (b% Fd Y Y —dy W ab)

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

scalar curvature £ Part ik tensor to the defect
| second fundamental form
D is the # of
b, d, &d, = defect 1 1 D -3 o
h=—-——""— d, dimensions that the

central charges 27 3vol(SP-3) D — 1 defectlive: s 60




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 fog the fact the D5-brane sits at = 0 :
= imP!ies that onlg the 3 scalars related to S (B, 7) should have non-zero vevs

= Py, P5 & @4

' | L realise a k-dimensional irreducible representation of su (2)

'+ Inthe dual gravity clcscri‘:)tion, k corrcsponcls to the integer flux through the

S2(B,y) € S°
1

Solution scales as — =3 Manifestation of the conformal sgmmetrg
r
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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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Include a new tHPC of defect 9 brane that interpolates between
the D%/D? & D3/D5 intersections

Gravity side: D5 brane Probe with symmetry = AdS; X § L 8¢

AENEAEAE A EAEA A b=vdo, B=12, $=pi+d
D3 ® | o |0 | o 7 2.
D5probe || o | o | o * | o | o s=0r with o1

o: inclination angle of the Dﬁ—-brane with respect to the boundar
5 |2 -

% p: characterizes the winding of the brane around one of the internal angles.

5ta]:>ilit9 of the Conﬁguration determine the stable regions

in the (p, 6) parameter space
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2.0}

1D

1.0+

0.57

0.0t

“““““““““““““““““
“““““““““““““

brane solution clepends s s Parameters oc&p = a combination of ¢ &
p determines the value of an angle i, = radius of §2/S! is cos yr,/sin

as the radius of §% increases the radius ,
two endpoints

of the S decreases, and vice versa
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, cos iy = 1 = radius of the §? becomes

ds? = L( — dxg + dx{ + (1 + 6%)dr?) A 1 dy? + (dB? + sin Bdy?)
maximal & S! shrinks to a Point nd . y2g2 : 1 o2
4 1o
K==
o\/ 8 — 62
p—>1=>COSl//O—O=>SIZ€OIC’ChC 1
> ) 2 ) . -2
goes to zero = 2 of the Sina = ,,202( ot ey b0 o ) 1 (1 ' Gz)dy

direct] fthe D5- ,
P ) Diane SISy o brane solution which realizes the gravitg

shrink to zero = D>-brane dual of the Gukov-Witten surface operators

Limit cos gy — O

AN A B I B P AN g QUSRI S s i i S i o I Afr L b A TN,

restores sul:)ersgmmetrg = 142 BPS object that is |

consistent with the emergent D§~brane geometry |
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Non-integer value of the parameter p = existence of boundaries in the D5 Profoe |

brane = Violation of the gauge invariance or the action.

resolve this inconsistencg '

We P!ace two D7~f3ranes at the Points where the D5 brane terminates

| eads to the cancellation of the anomalous terms of the i through an anomaly '

inflow mechanism from the D7 branes.

The effect of the D7 branes is minimal, since theg don’t introduce expectation

TR PTRRN

values for the N=4 bulk scalars.
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Feld theorg side: the 6 coordinates of the §°

are Parametrizecl as follows:

X, =cosfsiny, X,=sinfcosysiny, X;=sinfBsinysiny X,=cospcosy, Xs=smmpcosycosy, Xe=sinpsinycosy

o , 1) kxk k’X(N k)
its () V21 [ Vwv-kxk Ov—k)x(N-k) _

. .ok
F) =0 & e§(,y) +igflr,9) = sinfho_C

C’ e ( (/61 - nyl) X I(Nl—I—k)X(Nl—I—k) O(N1—|—]€)X(N—N1—k) >
O(N—N1—k)x (N1 +k) NN B (NN k) L

A1l
Relation between gravity and FT parameters: Dy + 1y = i— e'%o
5 J P ; e

PSS
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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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