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Why study QFT in DS ?
• Applications to inflationary cosmology ,

e. g . (Panagopoulos , Silverstein ' 19 )

• Some features of QFT correlations should
be preserved when gravity is made dynamical.

• Understand relation between the

wave function and correlate rs
.

• For fun !
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Part I: EFT approach and light fields .
c.9. Staro fins ki
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Instead
,
let us first compute the

wave - function , IR divergences are understood :

tile, 73 = Zenas le , I Iasi? ,µ. ,
di - ¥¥d⇒

Perturbatively :
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Correlations are integrals over sources :

EYE. . g.) . . . thin .gs > = 113415144*4 . . -
em

This d - dimensional path int. is still IR div. :
'

- III.n. - ÷.
#

However
,
let us split 4 = yet es

Ye =/dkeikfra.lk/fe , AH = Eaa) H
,

Eec I

z ee- HE -1¥. → es - H
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Next
,
define n - point distributions :

Pule. . . .eu , t ) = fDele) l? Shi - eel 144¥
= e ni Eloi - de CEI , t ) >

Pn 's generate correlations of ale .
We still cannot compute them directly , but
we can derive an equation they satisfy :

It Pule , . . . en ,
t) =

"

Drift
"

t

"

Diffusion
"

t d
d44* Ski - dthlelxi ))
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Drift (Let us focus on P , ) :

0+44*-1 a-3%14*5*4) tee .

i a-3%41.5=17144,3 . , 1714
,
x) = V'leks) t . . .

f.Desk .
- eecx.DE le) 44*7 =

= Ie
.

Chile.He
.

We never need to Path - integrate over long
yields :

- ie Ide. . . .demented
. . . . .eu
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After some path - integral manipulations we get
a set of PDE 's :

→Diffusing Drift
1? = fee, + fill

'

le il + OH)

ri;
-
- sin:÷÷o÷e

,

+ OH)

Ot P , = P, P ,
t X Diz Pz t . . .
-

Dt Pz = (P, t Pz t Rz ) Pz t XD2313 + . . .
-

• 6 0

Path
,eat) It
,

Pale. ) . She , - ez)

• • •

leading egn . agrees w
.
Staro -6in sky
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Solving at the leading order amounts to
finding Eigenvalues and Eigenfunctions of P :

Ppn = #a nt Fe ( V' 8h ) = - In n

• PT - e- ¥¥
tell: an - E

= are! Xu - myth

• 544,1461 > ~ @ × , .)
- > a

10=0 Ins , > o

Cl 12
•

eecxiecxdelxsD-ax.ir#axiaxiTCuz--/dy9I9z



→ strongly coupled
one - particle

co

dynamics g
Pi§¥÷¥÷t period of interact!! it!:L

*

0+12 , =P,
P

,
t > Dizpzt . . .

Dt Pz = (P, -1 Pz -1172 ) Pat XD2313 -1
. . .

- -

pig. - sinEax → o
• No more secular growth Eaxij +→-

• fees . . . Is fee can be computed in P.T. ,
e-# ee Ee- ri

,
E dependence cancels .

• for m
"

we get Id harmonic oscillator + pert . in>
corrections
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Comments on gravitational backreaction
we assume he) does not dominate expansion,
there is some other clock X ⇐ inflators .

y
This allows for - M¥1 e -holdings

Take the) -Xt
g

Arkani - teamed
,
Dubois kyet.ae.

'07,1089*2> HATE 4
×e*

P- e- HT
,
but also

AV
4

& TI - ¥5, ⇒ * a - e⇐Ht*
-1¥ :
A- 1

THE ant t*n÷e* ⇒ sa -e'h÷a
④ T .

a. ad So for 4*3> Mpe Das> I

( still Dala cc 1)
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We can find the maximum of volume -weighted
distribution :

ne

-*F + Life.Psa

at e*=r¥npe → ETH ig are¥pe)"
Due to gravitational back reaction field

distribution is very different .
• The effect is not there for V= nice
• Formalism can be extended to include das> I

• c.g . Goncharov, Linde , Mukhanor '87

p , engine,
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Part II: Diagrammatic approach
It is convenient to use embedding coordinates:

''

÷:::
"" "

XIs = -11
132=0 g

XP=P → boundary
SOU ,

del) Sym .

To compute correlations use
"in - in

"

formalism

eoleittty.tn#...eH.xnpe-iHt1o>



Let's study Feynman rules for gel
's

theory
"

"

internal lines : G++ = ET ee >
G-
-

- et ee > G+ - - knee >

Bulk to boundary propagator : ( D= $

(D. X
- dat :O

I e)
g
X±= X11 # ie )

.

Direct calculation even of these diagrams -

is quite complicated.
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However
,
one can use split representation:

GI
-
He
,
x) = fdpfp.xjdtigp.yy-E.io+ -

(It is slightly more complicated for Gte and E)

t.E.IE#.T P T f- ✓
(similar to Ads)

' Diagrams factorize into t and - pants
" glued

"

only along the boundary .
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This is so because we could first compute
the wave function :

ee
. .
.es = fDe -4T -4*4 . .. . y

W n 50*0037

pghadow operator ,p to ⇐ d- Do

- Gdp ⇐ 0,0=0447504403 Ou>-o -d

- conformal blocks .

So also in DS exchange diagrams can be expressed
in terms of conformal blocks .

e.g. Sleight , Taroma
' 19
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Let us look closer at the boundary path integral:
log o÷ptHeLkEt . . . . . .

logZcet

1¥ -
- e-a. on

BE = d- Do

= eecx.hkxdelx.IS = f.DIET 44*4lxieexaecx.) =
= fdy , dyzdyz Toy , Oy. Oy ,> Toy , toga Expo.

•toy. Ex,> - ⇐ Ex
, 8×28×377

It appears that pert . theory is just doing
conformal integrals & karateer

,
Kravchuk

,
Simmons - Duffin ' 18
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We know
,
however

,
that for xe

" theory

10×03 n f - y 52
'd + m2

,
while

Reweigh - ⇐ - g )
- t '

,
a ,
- E s> m2

So it cannot be just a shadow transform .

The catch is that one - and two -pointconformalintegrals are divergent:

ET
But

, presumably , these are the only ones .
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This
, actually , resonates with the EFT

approach where equation for the 2-point
function determined everything .

Next
,
we want to compute the 2-point function

in the diagrammatic approach and compare .

We did it at large - N so far :

I = daeioei_m2cei2tAz@ieYsi-io.oN,
I + £I⑧¥ t . . .

= Io

dominates at large-N, any X .
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To compute the
"

bubble
"

it is convenient to

Wick rotate DS → S

o
o_O It .→ Trait

On the sphere it can be computed as a
sum over spherical harmonics :

•
d-
• = IRsl

Marolf , Morrison ' 10e-- o E
'

-14¥ Ble)

→on S3 ,#
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Watson - Sommerfeld transform :

empty,> = ff¥ feels:÷eHersCe, 3.) ⇐
-Eres: risks) tf5doftdztidrds0.si .e
.

I In this form the answer
•

can be continued to DS
.

Poles determine the leading
e* long-distance behavior .

For hiker
,
Deel we get

<or > = g-
'* k¥4 ¥+32 toCzk)
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This matches the leading Eigenvalue of
the operator

time g÷ae
,

t NW )
,
I'
'm

a
-_ a

a

2

Wip) -E.B-E - II-i¥Fp43?dEI * OH'S ,
which we obtained in the EFT approach

(at large N)

Technically , this match appears quite non - trivial



On unitarily in DS and Ads .
"

There are two more manipulations we can do

to the contour : rewrite it over half - line Iml > O,
and push it further to the left:

←
n

KI - o - s =

Td"""" "

←
^

In Ads sum over poles on the left would correspond .

to OPE expansion . In DS
,
however

,

" Operators " generically
come in complex pairs . Instead, the integral over principal series
must have a positive density , as a consequence of bulk unitarily .
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Summary
• We developed an EFT formalism for correlates in QFT's
in DS space ; computation of correlations reduces to a

system of PDE's ; result agrees with diagrammatic calculation .
• Boundary correlations define a Euclidean CFT

, unitarily
is encoded through SOU ,

dei) partial wave decomposition
• It will be interesting to see how bulk causality is encoded .

• The wave function also defines a CFT
,
which

is very different, but is related via conformal integrals
• Inclusion of lperturbative) gravity appears possible .


