







































































































Backneactions

Gravity thy on IR w saws

along
Mu E IR

A alg of op's for gravity

B alg of op's far brave

Coupling A BN

in general gets defamed

E BN
J

Koszul dual of gravity in a modified geometry










































































































1 Brydges
From a world sheet perspective

I X

branes come from boundary conditions

41oz E L C X

The boundary
conditions must be

compatible with supersymmetry

gauge symmetries etc

Only certain submanifolds L are

consistent










































































































Ey Top
l A model

X symplectic mfld

L C X Lagrangian

Toph B model

X opla mfld

L C X cph submfld

better what sheaf

We want to think about branes

as defects in the target

space thy on X










































































































Sources In genuel there

will be folds in the gravitational

spacetime thy which source a

brave

In physical string thy the ore

fields called potentials
in the thy

P e n x

Which a p dime brave

Lex stat
J

10 1 a Wilson fan

f f can ch
Lox X










































































































Often EOR only involve the field

strength a cul e n't x

If Xd is Riemannian then

n x nd x

The electric magnetic dual of C is

d p al e nd p h

x

Sit

de d c

Say that jail
P electrically

sourced for TLP E X

P
magnetically source fu Ld

P Ze x

J eld
p y

Ld p
L










































































































Ex In IIA string the following

field strengths appear d
RR fields

F Ftl F

In IIB string thy
Fat Fat F

Called Ramond Ramond field strengths

F FM FY
EI In IIB the is

F
10 2k 1

I
24 1

A
2k is RR farm da Fam

couples to D 26 1 braves magnetically

f Al f d faut't
It

f










































































































I fund field

Al is til type field Kinetic pot

F
26 1

is

J d A a dAT
Tail

In presence of magnetic coupling

y
10 2 I S

1226 E IR

S A Spin A
112th In

Upshot Presence of brave modifies

the Eon for the purely gravitational

theory










































































































Roughidey Forget about they E

the brave The presence of the brow

means that certain fields in gravity

acquire
charges meaning Eon are

modified

We should be computing local operators

of this modified gravitational they

A X brave 3 In x brave

The charge will depend on the of

branes and possibly
other data

f Alm n N fan










































































































I
2 Buffs deformations

Perturbatruly a classical field thy

is described by an Lo algebra

L it la

la Lt L ti ul

hi 0

l gl I d o la

At level of action fuls
pairing

J w x lix w a laka
X










































































































Perturbative field thy to algebra

infuls w cyclic str

S f a

I Bu bracket

6 fields x 6 fields 6 folds ti

S S 0
classical master

Egn

I w

S J w d d d t fold eat t

5,57 0 a
Lorelai










































































































MC equ for L E Eon

D x 0

I now Lim PDE

Sps sourced by a brave Lc X

then there is a term in the

Lagrangian

J t ft a fax
Lox X

Eon get's modified

D a S
Lex G

One way
to think about this

is as a Mc equ for a










































































































curved to algebra

Note that the curving is localized

to the brave

A solo to a is called a back

reaction X Br

Liza will have singularities along

the brave net Deforms the thy

away from lows of Grove

X L
Background who

2 takes nontwo

valet TBR










































































































This discussion ignores the actual

theory along the brave

In practice we have

A

grow some

JaLgrave
Lox

Loupe a A f Laan A

Lex
Lex

In this sense the source ten

is like a zeroth orden coupling

to the thy on the brave










































































































Two points of view

Thon X L is deformed

Alg of operators at o in this

new background

I I lim B
NAN

11

It for some I along

the brave

2 In the presence of brave thy is

anomalous but this anomaly can

be trivialized

A I An
6 f N










































































































In the magnetically coupled case things

are trickier

Sps L is a pti farm Then a

magnetic source for p dime will look like

Ji's
LPC X

Typointsof
view

1 Thy on X L is still deformed

8614 D t da Spox
BR

m In alg of op's at

8 EX L in this background










































































































2 They is anomalous The anomaly

defines some central extension

of the gravitational fields

along the brave

Flds s fields

anomaly gives
rise

to curtal ext

A C g e

it C g
Have

to it










































































































3 Examples Let's use the following

toy gravitational
model

A x o

tope holophr

x e n R n o u til

Sca din ad 5444
e

I P B on d

This they
is sick past one loop

Who cares

First type of brave

M2 branes










































































































R x o E R x d

source term N f x NJ
J

R o
1 for Ifm

Leads to owned MC egu Eon
m

only de

At Il t A I
t

N Ld't Saxo2 fans

Som Th 8 pro IR t O if

I o

Be N titty
Buchw Martorell

X hot symplectic
Jss0

I Wtf n'lx T

Yun Vert










































































































m O app no doit
defames cplxstr.onciobe.tt

ami

This
Rx Fo

i
is a twisted unson of

Ads x 53

Compactify along
53 c to to

get thy on IR Rio Flt a

This is the PSM for some huge

Poisson mfld Diff o w an extra

term proportional to type Effect

At 121 0 IE Diff a N

I










































































































The is a mayntittolpting to

a bare along

O x Cz x o C IR x d

Le NCR n a

A 12 d'z

War n at0 I

T 100I
J's E NCI on ay

Source tem f i dint

O x X x o

EOM in presence of brace
3 for

d 5 ox 044 So xoxo
we










































































































S x d to 1 a t
Is

S a d 5 oft t

A solve is

This is like a deformation

of
R x ez

R s

IR x o o f x Oz

as a FFmanifold










































































































The term Jo's
q

gives rise to

St fo's Stf't

an anomaly X

q

CE Nz

S c f a axeman

Cia Lgraulsian

A C rich on ay

C qq.JP.B
As a vertex algebra along Z plane

At level of KD this is like

a central charge










































































































Consider

Ja c off all
at a Qt

This is dy algebra As such

ft U att É za

Have control ext of
T

H atti.tn

fig t J 709 two
Z

First ten in central ext for

Wits










































































































IR x o c A x o

Ms R x o IR O E R NEO

I

IT x sting

o x x o c f x q

it x d o I INI o x d
N n

SIRI x e

THF
N

Rx e o










































































































Summey A alg of op's in

gravity

B alg of op's on

braw

Sps A C
gyro Namely

the coupling

Uggraw BN

is modified by the back reaction

Electric A Aggro s

f Aggro central ebert
N

flu
n

Magnet A gag
E Up ggrau

U Jgr










































































































Holography is
The statant that

I I BN As N o










































































































4 Computing E

I now want to give a

systematic approach to computing it

Ignore back
reaction Let's also

assume that A C ggravl

Then there is a canonical coupling

Koszul
1 E A the dual along

the brave

If 6 is operator in gravity

thy write To far corresponding dont

in A Coupling is J Eto
brave










































































































Ex R x ol c IR x o

Observables for thy on IR x d

Ofk e É c g Tt tl

c s of of c o o o

ghost
liver

T Tu e zYz E U gta til

Coupling

S Of Of Alt Tt will

IR XO










































































































Gauge anomalies give rise to

relations in it Typical Feynman

diagram

tone
brave

Already this diagram has an

anomaly

On IR x d
E

s froinfu

IT to 0702,0 Ozan t

Rt










































































































To cancel this anomaly must

introduce a T T ope

IT Tino Tio T To 07

TT Mom
Y

TTo.it m

Is anomaly free

Thu are very interesting quantum

corrections Costello

IT T1 T2
Giotto oh

I I on thou










































































































Back reaction for IR c IR x o

Have coupling

IT to 07 x t

Rt

In present of the back reaction










































































































2 Infludescuplingsin
Boor

Our favorite gravity they is usually

built from

Bou thy

closed string fold thy

of tope B model

On a CT X fields an

as pri x Tal
it In E

o HC x 127
J t a 0

ul 2










































































































dime X 3 original defn of

Boor

Costello L extend defn to any Cy

When dimax 5

holomorphic twist
BCOV on

5 of Type IIB SOGRA

Hol CS

on
5

holomorphic twist

of SYM

Worldvolume thy on

f a D9 brave

tf rn AJA t t ATA.AT










































































































A E v9 o o g til

Bcov is the universal they which

couples to holomophr Cs

A coupling is

J E Unc E Enos
M A

S Fly A

which is compatible w gauge

symmetry in E and Ewes

Satisfies the Bu CME










































































































doe E
J t t Sues J

I J J 0

Equivalently

J Et it is awol Enslin

EI On 43 X

q E you

I t I I

pri
i

put 9 a pus
r

u

put apuli int
n una a'n










































































































I couples via

f y tr A r r

re couples via

Effie
Tr AoA n

Not quite an allowed coupling only

if One 0 On the other had

can add

If u Tr As

M couples

I f n tr A OA OA










































































































Again only consistent if On D

Need to add

f n Tr A OA

J n Tr As

In the above formulas have

been implicitly working w a matrix

Lie algebra g Now g gen

LOT A dy algebra

syn Cy A Fi Is c geo Al

t
C gl CA










































































































In this example A N x

This

gin no x
fieldsof gen

has they

C g en no
observables of
hes thy

T
c geo wi hap N

Limit

I

Cy wilt n

HKI
Pui N É Hoch Ux


















I
resolve

pv i x In Hoch wi

I cyclic

Pu x Tal Hoch Wix Tay

G
J t ud dunt u B

T
Come's B opert

Rhs is Cyo if

Abstruity

Pu pay c geo will



3
Brayintopestring

B model on Q Brave is labeled

by epix submfld when

c on

the fields on brave are

Ext 6th tow

en
ok Oau

no o ten su ul gen

when u is odd this can be thought

of as hes on

k a k


