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Motivation

Holography

String/M-theory AdSz.; x K =~ SCFTy

)

A

M-theory /sugra in AdSy x S* ~ Coincident M2-branes on 9(AdSy)

|;r .:'.

'l--Di [l ~ _-“\,.’_1;""'-3“_ 1/ ’.z’fD ~ N3/2
Strongly coupling (IR) limit of N = 8 SYM on D2-branes
Electric-magnetic duality is also a strong/weak duality: g ~ 1/e
Minimal version of duality in the full SO(8) theory

Interplay between these two dualities |hep-th/0307041, Witten]

e Conformal invariance

Conformal invariance of bulk matter
No conformal (trace) anomaly in odd boundary dimension

Conformal holography [hep-th /0606276, de Haro, Petkou]
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Notations

Bulk fields:

Boundary fields: =20

_{r_-:1||||:__}.;|;"_:- . _.44_- |I = _4_,:. Ir!,r..:_" I-\. 1:5'. f:-f\:s i— E! {]. T "| ! _E—_:l —_— l'_;:?&‘_f_‘_:}&‘ o ':.tjkr_}}_: !‘

Field redefinitions:
E.=F 6P, =508 w=u—04
Boundary CFT:
boundary sources: J{(z),
operators: Oa.(x), A = 1-gange fields, 2-currents
Misec.:
a:0; 1 i3 T—1 T
. i T A a1 o - AT
]___[;1_;.' — "Im — T _1_{ — :] — |: ! ‘1; = H-,}'fl j
t=+1 in Euclidean signature, -1 in Lorentzian
Legendre transformed action, = S-dual



I. U(1) gauge field in AdS,

holographic renormalization

bulk solutions, regularity

self-duality and TPvIN/DJ theory

Abelian instantons




Holographic renormalization

EOM:
Guv + Agu = 8nGNT

Graham-Fefferman:
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(A, E)

f‘__"-_' R s .'l.
(radial gauge)



Holographic renormalization

Components of the stress-energy tensor:

M
2 2
Terr — __}I B — .i.'T__' !
i = EFy; = e BsF



Holographic renormalization

Solve Einstein’s eqgs:
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L

hep-th /0002230, de Haro, Skenderis, Solodukhin]|
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g(gy = boundary metric, we take
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electric field Fy
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Bulk solutions: General solution, regularity

Solve Maxwell’s eqs: conformal invariance R*

[©

] :1 i _HJ = F:.'-"'_sfju;' -{J i TJ

0;f; =0, conserved current

(6 + O

Exactly solved:

=

A; (r,p) = A, (p) cosh{|p|r) + To fi(p) sinh( |p|r)
D |

- 2 :
= A (p)+— filp) =0
e P

This result does not depend on gauge choice!

We will re-write this as

e ¥ )

f — _\f LIITA , Hiﬂ.‘- — ":'hzij — PiDy p:

In the Lorentzian signature, this is the condition that all matter is

, a3 Call DE

seen by analytical continuation. The Lorentzian vacuum has indeed vanishing action.




Self-duality and TPvIN/DJ theory

We look for S.D. solutions of the Euclidean bulk eom:

E_;wa uF F Epp —

_r
oo 815 1

& folr) —c €60 Aplz) = —¢c F;
Lot W L T ¥,

backreaction.

Massive b.c.:

Al =

T

;ﬁi
- — €10, A
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assive theory of PTvN/DJ (1984) !

:.F“'_—li:

We obtain the 3d topological m

This theory has exactly one massive propagating degree of freedom

The effective action as a functional of sources contains a Chern-Simons

non-local term:

1deed a CFT.
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Bulk solutions: General solution, regularity

Solve Maxwell’s egs: conformal invariance R*

£ TE ; — 5, T | =
(0 + 07%) Ai(r, )= {_.,a._fj{?. Aj(r, T),
0;f; =0, conserved current

Exactly solved:

T/ —a T ¥ . i S L (] 1
A; (r,p) = A; (p) cosh(|p|r) + — fi(p) sinh( |p|r)

e = o R = B T o ol nis
This result does not depend on gauge choice!
We will re-write this as

-

f=—y|UIlA , IL; = d;; — pip; D

In the Lorentzian signature, this is the condition that all matter is . as can be
seen by analytical continuation. The Lorentzian vacuum has indeed vanishing action.




Self-duality and TPvIN/DJ theory

We look for S.D. solutions of the FEuclidean bulk eom:

A

- . :-&3 ¥ BT ) et
iz € e gl ™ & Fr =

B2 |

& filz) = <€ €0, Au{z) = —€ F;

&1y =0 backreaction.

Massive b.c.:

|
[

— €20 A
7

We obtain the 3d topological massive theory of PTvN/DJ (1984) !

This theory has exactly one massive propagating degree of freedom.
The effective action as a functional of sources contains a Chern-Simons

non-local term:

Q“FH — / (F[-_l] -FJ [-‘_!- + 0 E.E'}.k*_l-ii};.-fii:)

. well as a



A belian instantons

In flat space there are - abelian instantons

.I'i,lf — [:' —5 ,L'-}T_ ﬂ

[} ~op-shedll — VY

This is not necessarily the case in because of terms

Y

- ; o \ 1 - i \
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for regular solutions.

This can be non-zero. Solve S.D. regular eqgs using expansion:
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Self-duality and TPvIN/DJ theory

We lock for S.D. solutions of the Euclidean bulk eom:

_ el . R o
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This theory has exactly one m e propagating degree of freedor
The effective action as a functional of sources contains a Chern-Simons
non-local term:
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A belian instantons

2 e e e e B = T e e e
In flat space there are = abelian instantons

This is not necessarily the case in because of terms

;

{_-ﬁ Al f‘J}L —fJ:I — — 2
£g*

2

(p)A:(—p)

s

for regular solutions.

This can be non-zero. Solve S.D. | regular eqs using expansion:

¥ x® 3 T T *
where the polarization vectors p" = (—po.p1.,p2), k-p=&k-p =0

Choose F(p) = 2525




Self-duality and TPvIN/DJ theory

=

We look for S.D. solutions of the Euclidean bulk eom:
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We obtain the 3d topological massive theory of PTvN/DJ (1984) !

This theory has exactly one massive propagating degree of freedom.
The effective action as a functional of sources contains a Chern-Simons as
non-local term:

Sa=3 [ (FolAl  Fulal+oé*a0,.)

L

for (p| < m, ie. IR, indeed a CFT.

well as a



A belian instantons

In flat space there are = abelian instantons

- i i =
£y — U= '[3-::-51-1 = U

This is not necessarily the case in because of terms
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for regular solutions.

This can be non-zero. Solve S.D. | regular eqs using expansion:
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I1. S-duality in AdSy

¢ The bulk EOM are invariant under E.M. transformations

e The bulk action is invariant up to boundary terms

e These boundary terms perturb the dual CFT




II. S-duality in AdSy

e B =2 _—_ (A GA4) F=

Aa. 4. Tt F
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This form of the action has manifest S-duality:
E.‘ = i‘!_—' ! F;‘ = _E 1 I_.a = —_;_.I,'I
g 7

s i
S[A’, E'| = S[A, E] + [ d°zEA

up to boundary terms:

This agrees with Witten’s CFT definition of S-duality as a Legendre transform |[hep-

th /0307041]:

S[A', E'] = S|A, E] — / Bz A’ A dA

also a T-generator, 8 — 8 + 2.



EM rotations

For simplicity, take # = 0 & Lorentzian signature =50(2) rotations:

where f* = ¢

Example:

F—scosal +sina F
F— —snal +ecosalF

| = SparlA; E] + Spayl A, f]

T +F 'I‘I'r = .
SIA, E] + /‘ﬂ"ir k:'-_:.l* aAf

Iulr—=

k . {0) rif \ __ o o 2
"?"E Oop, since V' f(z) =0and H (H x 5%) =

:.t:-?ildf-' =0, 0S5 =— /{IT'::._E‘ E'0A;|,—p+ (eom)

Take Neumann b.c. : f; = E;|,—g =0

cos a—>0 ’
=8 el o= = Afs}— e

.!\-lr.- ol _'

& Al ,—g = 0 up to gauge transf.

This is the boundary condition.

sincxcosalvf — AF)



I1I. Generalized boundary conditions

e —~4 T — ' —~ T 2B 7 f--- Yy .__h 4+ 'IE' P ] —':‘— Fa i y -—- 1 —y - g = -:- e 5 f ;‘- 1:-
First we develop some formalism to deal with general boundary conditions (Dirich-
AT )
let/ Neumann )
=, = -E:-J' & : y
ISt = — | 4z B0 A;l,—g + (eom)

=y F

0 £Spune = (eom

w

= 0A;|r—g = 0 Dirichlet or
fi = Ei|r—¢ = 0 Neumann

To have more general boundary conditions, add boundary terms to the action:
Q

o e
O = Opulk T Obdy

0St4v OSbdy -
e _g. 7 _¢
{"Ii-i f.}_-'—ki

Example: massive boundary condition

Thdy — "Ii'j;'{“ e = A= J
A5 ' 2m m

Regularity = |p| = —m = double-trace deformation parameter negative




EM rotations

For simplicity, take # = 0 & Lorentzian signature =50(2) rotations:

F —scosalb +sina F
F— _—snalk +ecosal

S[A, E] = SpaxlA, E] + Spa[A, f]

F
W T::‘i e 3 A = . »
—  S[A, E]+ /‘m‘. x (5111 aAf +—sinacosalvf — AF

I

e

b

1 =1 '-._.I-,_' i . _Ilij‘] g 4 \ - Il s 7 -
where f* = F_f“g. O;vg, since V. ' fYz)=0and H (R x 5°) =0.

Example:
C:rgj,i}- — 1] éb-,uﬂ_ — — / &z E 1{3.;_%1.';_,“:1} + (eom )
E.

T !

i |r—0

Take Neumann b.c. :  §;

=2
cos a—0 .
— Fl,—0=0 = Aiz) = 6ip(x)

< 0A;|r—0 = 0 up to gauge transf.

s . L 1 E. 4 v 4l
This is the boundary condition.

J



I1I. Generalized boundary conditions

First we develop some formalism to deal with general boundary conditions (Dirich-

L T AL

let/Neumann)

L
o

_.,
LY

'.:_Jp = F . \
rbulf-: —_—i— f 5 i E? 0 .-"1.;5' — + '{:.?{_Jl_ﬂ;.l

— (eom

% i

[ PN
Ly

[~ il

= 0 A;|r—g = 0 Dirichlet or
fi = Ei|/— = 0 Neumann

To have more general boundary conditions, add boundary terms to the action:

N -_T I & )
S = Spaik T Jbdy

0 Sty
:'.*fi 0A;
Example: massive boundary condition

x - ) | |
J-I:-rbd-_r- = -:]_JJ_‘ ;. _.:._]_L_-,TL = j =1 - _nh!_ — -.!-
; _ 21m m

Regularity = |p| = —m = double-trace deformation parameter negative




III. Generalized boundary conditions

General boundary couplings: Consider Sy4,|v, A] =

Massive

| 2 1
f&x(sa {F+—'j vf + JLH—,JF +-eff+up. f’_F— AT —f
- " G =0 r_—j;r_fj_ EOUTCE

r?ﬁ"gir al
Variations in (v,A) = consistent boundary conditions:
Bf+a¥F +exdf+pupxdF =T
aF + (v )f+6 xdF +p xdf = J
Notice the | came from bulk variation; gauge invariance = 8- J =0 = J = %d.J;
we also defined xdJ = J. (xd = V %)
Obvious symmetry of egs. (not action) under simultaneous exchange:
?L — F a3, €< 8, Ve sig——=1
For generic values of the coupling constants, the eqgs. reduce to

|r—:—|“r_D|4.': 7_3:.:;:




EM rotations

For simplicity, consider -term as part of bdy. action:

E

Extremization commutes with E.M. rotation.

Example:

Flow: (s=0A=—f — (e=0)v =— F

Notice in Lorentzian signature V x V x = —L[I, and the infalling constraint on the

deformation parameter works out consistently.




I1I. Generalized boundary conditions

General boundary couplings: Consider Sy4,[v, 4] =

marginal
Variations in (v,A) = consistent boundary conditions:
Bf+¥F +exdf +puxdF =7
aF + (v )f+6xdF +p xdf = T

Notice the | came from bulk variation; gauge invariance = @ -7 =0= J

we also defined *dJ = J. (xd = V X))

!

Obvious symmetry of egs. (not action) under simultaneous exchange:
f—F, aofpB =68 gv—1
For generic values of the coupling constants, the egs. reduce to

(1

s
L
e
[
e




I1I. Generalized boundary conditions

Foy —=p&_ W 1_‘-‘_{1 151"61,_1_ [""tﬂ_lhd.&

IT‘\-'I- TET -"I T T a; i T f"‘" & "T.__" S B
we develop some formalism to de

H ok

let; \{:1 Imant

O A0k =
0 fOpue — (€0m |

fi = E;|;—o = 0 Neumann

l\.'r'! =
o have more general boundary conditions, add bounda

0S1ay OSudy -
== —f
of; 0A;

Example: massive boundary condition

Regularity = [p| = —m =

= == '_Jr T B )
Obull = f d "z E;0A;|,—o + (eom)

—" 0A;|r—g = 0 Dirichlet or

r conditions (Dirich-

Ty terms to the action:

double-trace deformation parameter negative



I1I. Generalized boundary conditions

General boundary couplings:

Consider Sy jv, A] =

s

]

Ive

;

-~

5 .’

1 i . s =
‘_lF__-j j__ __‘LI_L—}{*F —'—T}f-_.-‘cz——,tiff _SL.:-‘F _f‘i,}

f I'_'IS;.F_‘ |

(%) | s

. -l

— '
~ ext. SOuUrce
marginal

s =N 4 . - - lf 1 ' To, =
variations m I,_T,A' — consistent ‘Jll"d-‘:’i‘e_‘}' condaltions:

'j-f‘_.f- .F_IF :%‘:J'if._'_.“ :-i::dF:h)?'
aF+(y-1)f+6 xdF +pxdf =T
Notice the @ came from bulk variation: '

gauge invariance = 0 - J =0 =
we also defined *d.J = J. (xd = V%)

i

f —

Obvious symmetry of egs. (not action) under simultaneous exchange:

Fes F a8 e—=d ~ve9—1

For generic values of the coupling constants, the egs. reduce to

(1+all}A; = b F;



EM rotations

For simplicity, take 0

=3

& Lorentzian signature =50(2) rotations:

|

FEF—-cosal +simalF
F— _—snal +cosalF

"ﬁ—l E — thﬂ,_[‘l E| i3 ‘5._"1'# ['1 T

—  S[A, E]+ /d";r (Elv“rt Af + Ssinacosa(vf — AF)

where f* =€ Ik 0 950

Example:

by
= !le_'l}'

sin

— |

"

ce ?_E:"'Jf" (z) =0 and H(R x S?) =0.

0SSt = — /{f’j._z: F'6A;|—g+ (eom)

Take Neumann be.: f,=E.| =0
Ji o }

cos a—I | -
— Filrea =0 = Ai(z)=¢ )

-!\-lr-" 4.‘.

. r-j'__l_.!: r—() — |__b -l_'i'} |_} (:3,4 ]_]_F]:-l T“‘w]‘_'['-n:t

i I | k.- 3 2
s is the boundary condition.



III. Generalized boundary conditions

First we develop some formalism to de

let /Neumann)

0 ¢ Spae = (€Om

To have more general boundary conditions, add boundary

.
E}?:'i.'—i}'

S =—Seat

0Say
5t

Example: massive boundary condition

— 10 =z J_

A pelk — = f l':ilj.f E?*; _-'1.3 -

-f?)

5Shay

0A;

-

',—'_

= 0 A;|p—o = 0 Dirichlet
fi = Ei|—¢ = 0 Neumann

f;

al with general boundary conditions

eom )

L

ar

terms to the action:

m”

Regularity = |p| = —m = double-trace deformation parameter negative

( Dirich-



EM rotations

For simplicity, take # = 0 & Lorer signature =50(2)

FE—>scosall +snaF
F— _—snal +ecosalF

‘:‘[‘_& E_ i ‘Sfb'.:llc[*'_lr E| ok br dy [*_1- JJ_

S[A, E] + / &’z

, '] *y
since V; * f(z)

where f* =

Example:

1

. o . \ s ] Y
sin“aAf +—sinacosa(vf — AF)

o,

- 11 P -
=0 .and H (R % 5] =0

— / &z B'6A;|—g + (eom)

Take Neumann b.c

f__|;—1—0j ’1

> r-_;!; _—1 l -"‘:I;'

— Ei!:":ﬂ =0

T j: — 'r--"ji'*ri' T .‘:

to gauge transi.

boundary condition.

rotations:



I1. S-duality in AdSy

58

4
e X :
—_ — ..

First order formalism: F. = =2 - =
4 {j A\ ‘
A ;) g=

— 14 o e o Ry e E'j Y 2
I_[:'! e [ ":1. il 7 (J’:'-i!- l'k £ I.""-‘.J_}-.i = = {:_.—j? _—‘lj_:r. | T t T _;) o | —~ D)
r [ __._E-]f_u ‘lj :.'T =

e?
= =7 |
1 1 3 --1:{_}.] 28
G =z & £ wpisy i 5 i gt 9 g
jr_-." — E I\(:}f-".;}'-‘i == fff*:‘_-!‘-1 -I 8 = E g“Eu & 3 ¢ ¥ 'rL L= —-J"-]' _F'H —|_ <) EP
- 2 2g° (4=} 4=
This form of the action has manifest S-duality:

up to boundary terms:

This agrees with Witten’s CFT definition of S-du egendre transform |hep-

th/0307041]:

S|A', E'] = S[A, E] - [ &z A’ A dA

There is also a T-generator, § — 8 + 2n.



EM rotations

For simplicity, take # = 0 & Lorentzian signature =50(2) rotations:

F—scosal +sina FF
F— _—asnal +cosal

S|A, E] = SpuxlA, E] + Spar|A, f]

¥ ‘_‘,- = 3 F - j' - 3
—  S[A, E]+ /d T (5111 aAf+ > Sin o cos o vf — AF)

o
-i
-
]
=
-

where f*

Example:

since V,E"'ij" (z) =0 and HY{( R x S%) =0.

Sves =0, 050 —— / &z E'0A; o+ (eom)

ake Neumann b.c. : f; = E;|,—¢ =10

& 0A; ,—g = 0 up to gauge transf.

This 1s the boundary condition.



III. Generalized boundary conditions

First we develop some formalism to deal with general boundary conditions (Dirich-
let/Neumann)

o 5

1 .

' 13 E \
bk = — f d”z E;0 A;|—¢ + (eom)

x = (eom

bulk

_h,
o

&

Ty

- dA;|p—g = 0 Dirichlet or
fi = Ei|r—¢ = 0 Neumann

T;. have more general boundary conditions, add boundary terms to the action:

S = I-)b dk T -b?:ii}

0 Suay o I Sbay
of; T A,
Example: massive boundary condition

.E'-"‘:,d-; — [i':-::ljgf ( ..:'_FI.__f == fl".' — _l—i_ — _._F':
i ; 21 T

Regularity = |p| = —m = double-trace deformation parameter negative




III. Generalized boundary conditions

General boundary couplings:

Consider Spglv, 4] =

f I'i-g;;'_”.

)
L
y

o 4F+—‘j f+yAf+-6F* +

"ia.J| v

il
By 13 =
FTLET JTTLEL

EXL. SOUTEE
3 .1'_ - 1—: -, I1-\. i r { 1 L 1 b O at | & y PE e o e '} i = -
Variations in (v,A) = consistent boundary conditions:

I f4+vF +exdf +u xdF =
alF +(y )f+06 xdF +p xdf =
Notice the = came from bulk variation; gauge invariance = 0
TRFL ]

sauge invariance = 8- J = 0 = J =
we also defined *dJ = J. (xd = V x)

Obvious symmetry of egs. (not action) under simultaneous exchange
fe—F a3 ¢ §

=

T LS

For generic values of the coupling constants, the egs. reduce

(1+all)A; = b F;

L .9 — = -
e+ ufF-AF — £1)

p—-u—I



EM rotations

For simplicity, consider -term as part of bdy. action:

5

Example:

1 . 1
Flow: (s=0A=—f — (e=0)v F

Tl T

Notice in Lorentzian signature V x Vx = —[]

deformation parameter works out consistently.

o L i - saley - e N E.
[1. and the infalling constraint on the



II1. Generalized boundary conditions

General boundary couplings: Consider Syq,|v, A] =

ITHLS

4]

Tve

;

{

I
i

i . . rl = = .0 - ) = _
r &>z oAV +—fuf +yAfF+ e Fr—cf tptlr AU JJ]

Bl |

"4
N =
IMargiial

bl
eTl. SO0UTeE

-r.r_ ‘. ‘_: — I-|-\. If _ i \ L _ _‘_‘.._- _ 1_.._- _ A e E.'-_:- .
Variations m (v,A) = consistent b m._:Llly;{&-_j.r COnadltions:

Bf+~vF+exdf+uxdF=J
aF+(yv V)f+éd*xdF +pxdf=J
Notice the

T\'T\- F

e also defined *d.JJ = J. (¥xd = V x)

Obvious svi

[
u

nmetry of egs. (not action) under simultaneous exchange
f—F asf,

e<r 0, e v—1

e eqgs. reauce to

came from bulk variation; gauge invariance = 09 - J =0 = J = *c

1

1|
L

J;



III. Generalized boundary conditions

i T ] 5 — @ o _If',_‘.\_‘_ "..'T.-— +r -‘I- i 1 Eur E) Fa B a7 o '.--' 1 7 " On R 2 —-H o a '-1-"' ;
First we develop some formalism to deal with general boundary conditions (Dirich-

let /Neumann)

i

0 £ Spun. = (cOm

= 0 A;|y—o = 0 Dirichlet
fi = Ei|—¢ = 0 Neumann

- e VU (T AP SRR s, o TLI e e T S Sl T el
To have more general boundary conditions, add boundary terms to the action:

| ' 5 |
ey = -l_')bﬁk 5 .-_r",'-"h:._'_;},

{55}3 v HSJ Wy -
wid Y f

5t 7 SA;

Example: massive boundary condition

- : 1 5
bbd}' — / d x| rlT i f" = A
; ZITI

Regularity = |p| =

.1._.0 ——= I I:EI-JP.IT Eﬁe’ﬁ.-’;?lz' r—0) —+ E'{:J'ﬂl:_:l

ar

~

—

M

—m = double-trace deformation parameter negative



EM rotations

"!- Y i

For simplicity, consider

+ s F)

Extremization commutes wi

Example:

ith E.

1

M. rotation.

1 _ o 1
Flow - .q-—m A = f — (e=0)v =— F
m’ : m
Notice in Lorentzian signature V x Vx = —[1, and the infalling

deformation parameter wor ks out consist E’T'I*h

constraint on the



EM rotations

General case:

A tef" +pbr =0

O xdF”* +u xdf”* =0

_|_

Reduces to:

=
el

- = - 1P
i -f —+ {F-Z F = = l'f-f_-:{ ’* d;l"-
I

by f+b; F —as *dF =10
Remarkably it can be shown:
X - b4 s T W - S
@& — by —ar—by, as —thy —=m@m—Ith, a =
a; by —as by = atby —aghy, e7dy —e5dy =0
which leads to a* =a, b* =1

L

The equation :

(1+ald)A =bF
is invariant under the flow!

This may suggest self-duality under EM duality transformation

Pure 3d EM mvariant actions are t1

trivial, | d3z ( vf + AF)

of



Euclidean boosts

_jigit-lll. consider -term as

T

Interesting examples:
(1): Conformally invariant
Neumannb.c. : f

(2): Massive k

Massiveb.c. :

where we re-defined 4 = A

(3): Massive S.D.b.c.:

SRS o S ST I
part of bay. action:

E — cosha F +simha F
F—smha B +cosha F

e "::;]:Hj'f — -} — P +— 5 ‘;1 —a {:}
flows to a linear b.c. :

| j 3z LAl F f)

» S.D. massive th. : A




IV. Holographic effective action

Legendre transform & CEY:

fk}’b_tu — /‘{f:j.-_{”:\'_i}r;__‘ii T ;:j_l"_!_-r = ] EPE::HE"%E r—r

= (Ogy(z))a=lim———— = —fi(zx

o = fﬁh J _ll' s e
gl L
1. - 1 3 ¥
In this theory, W[A] = —Sopipen = 5 | &z fA, T S ol

Wif] = W[A] — /::ng_%:fﬂ PlA] = W[A]
—> 'd%j{i f ::'—u%I

Spin-1 fields have A, = &+

.}_
o,
. .

i

=

. 4 ¢ 7 s = = ] A o~ 8—2
A_ =1, A,_ = 2 both satisfying umtarity bound A >

conformally coupled scalar.

, for massless spin-1 field in AdS; we

==. This is similar to ths

get

)



IV. Holographic effective action

S-duality of 1- & 2-pt functions:

Recall S e — ——'f BrE A = ,'%J d>zEA.

g Iy
(472)2

Compute the S-dual 1-pt function

=

This 1s the conserved S-dual (magnetic) current.

Compute 2-pt function

g 20
—= __J L —g) ————
1+ g°6° : ' g62

™ S )
*d )0\ — YY)

i.) E.IL)wl?;] Mg —

Indeed the 2-pt function with S-dual coupling constants.

Similar computation using on-shell effective action for massive and/or S.D. b.c.




IV. Holographic effective action

2 kinds of Legendre transforms:
(1) Dual CFT as Legendre transform: W[f] = W[A] — [dzfA = Tf]
source — oper., A(z)— Oi(z), Oi(z)— f(z)
(2) EM dual as Legendre transform: S[A’, f'] = S[A, f] — [ &’z A’ A dA
bulk view : elec. src — mag. stc. A — A'=v, Oy — O,
In addition, we can perform Legendre transform to the dual CFT of the S-dual

(3) Sdualsrc— Sdualop.. A'=v— 0], O;—f=F

Combine (2) & (3), we see (J, O
What is the bdy. field theory interpretation of this?

Notice the change of dimensions, it turns out the answer is

massive deformation RG-flow| !







IV. Holographic effective action

The massive deformation of bdy. CFT:
Add source to the massive b.c. with f-angle: A + _;f — 7
Solve: -
I I.-'.:'_:, s - = 1 - C - -3
A=_lm S+ 8+d]], T =fn 32+ 60
T
On-shell action;

1/9 s 1 /9
P Tri D_'.“ 1 /9 . j_ i R
Don-shell — / J (. — 17/~ ] o = ad.J A J
r 3

2-pt function:

o et mip
((504) = \rE— P
2%, EJ.— \ J

ML + Gi€;::08)

IR : . ' ~ m=, usual 2-pt function for conserved current of dim 2
TET i E - .
UV:ip| > m, T~ (1+6%)p

m ' fie:..op ) m?> i 201€;.1.01
D2:05;) = _A ] —J) 7 S . ?}‘E}H.;; o #

D

. S J =
£ L il

. gt
contact term dim 1 operator

S-dual gauge field! | Leigh, Petkou, Kapustin]







IV. Holographic effective action

The massive deformation of bdy. CFT:
Add source to the massive b.c. with f-angle: A4+ -f=J
Solve:

 f A {9 - - . o2
__1_ - T!—l. i — |:1 = 'J- - {1’ % {j':_._/-‘rJ z ]__ = | — Dl" u\_]{-l -+ HJE
't

On-shell action:

2-pt function:

—

IR : |p| € m, I' ~ m~, usual 2-pt function for conserved current of dim 2
UV : _LUI > m, '~ (1+ 62)p?

!
\ JI

: 3 o
= e m Ore; npp m- 201€;:1.01
2 W 0 s ."'_.r'-,l _ SUCGRP
O_: L)_.; ,l" . 2‘—1‘3 (H __:I : i ! : _:: -_'Ig i 1 HEJ I
L+ 8" X Pl pl(l+ &%) D
contact term dim 1 operator

S-dual gauge field! | Leigh, Petkou, Kapustin|




IV. Holographic effective action

large N QED3:

Generic effe

effective action is non-loecal in IR: A ~ .J and we get

e
g1 / oy =1 / F[ AT 2F, [ A

QED coupled to N¢ fermions Kapustin,Strassler]

1 o | e e, v
Consider again the S.D. |

m =i
On-shell action:

= 5 = —:) IL; + 7 d;;

T
o @I tert
e CHECE

1ve action as we claimed earlier



V. Conclusion

We have obtained clasgical solutions for U(1) gauge fields in (A)AdS,

Self-dual bulk solutions correspond to the unique SD topologically massive theory in
3
M ].

EM duality gives a 1-parameter family of b.c. that interpolate between D & N

B.c. that preserve conformal invariance induce marginal deformations. EM duality
maps these to one another

Massive deformations induce operators of dim 4

SD solutions are invariant

Massive deform, ((OO) corresponds to: op. dim 2 in IR, S-dual gauge field in UV

In UV, we find the effective action discussed by Kapustin for 3d QED coupled to
fermions at large Ny

et B 1 i " r:j 3 -+
'his is the effective action for large number of M2-branes: N*/* ~ N
Non-abelian generalization? SU(2) |[Maldacena, Maoz]

Linearzied gravity [Henneaux, Teitelboim]



