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e Distribution of galaxies has Large
Scale Structure (LSS)




M. Slanton and Sloan Digital Sky Survey, SDSS map,

G a Ia xy D ist ri b uti on https://classic.sdss.org/includes/sideimages/sdss_pie2.php

Distribution of galaxies has Large
Scale Structure (LSS)

o Where does this structure come from?




Aghanim, N. et al. Astron. Astrophys. 2020, 641, Al
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Aghanim, N. et al. Astron. Astrophys. 2020, 641, Al

Cosmic Microwave Background

e Temperature anisotropies also have structure

e Common origin with LSS?
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13.8 Billion yrs

BICEP2 Collaboration/CERN/NASA
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Background
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Inflation and Spacetime Guth, A. H. Phys. Rev. D 1981, 23, 347-356

Linde, A. D. Phys. Lett. B 1982, 108, 389-393
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Inflation and Spacetime Guth, A. H. Phys. Rev. D 1981, 23, 347-356
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e Hypothetical period of accelerated expansion before hot big bang
e Model using de Sitter space and a scalar field (inflaton)

e Wick rotate to Euclidean anti-de Sitter space (EAdS)
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Hypothetical period of accelerated expansion before hot big bang

Model using de Sitter space and a scalar field (inflaton)

Wick rotate to Euclidean anti-de Sitter space (EAdS)

No energy conservation: Additional integrals over time z € (0, 00)
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No energy conservation: Additional integrals over time z € (0, 00)

Far future (today) at z - 0" - "future boundary”
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Starobinsky, A. A. Phys. Lett. B 1980, 91, 99-102

Inflation and Spacetime Guth, A. H. Phys. Rev. D 1981, 2

Linde, A. D. Phys. Lett. B 1982, 108, 389-393

Hypothetical period of accelerated expansion before hot big bang

Model using de Sitter space and a scalar field (inflaton)

Wick rotate to Euclidean anti-de Sitter space (EAdS)

No energy conservation: Additional integrals over time z € (0, 00)

Far future (today) at z - 0" - "future boundary”

Conformal symmetry: Scaling z - Az, p - p/\ (among others)
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Di Pietro, L. et al. JHEP 2022, 03, 023

Cosmological Correlators
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Cosmological Correlators

e LSS and CMB structure can be traced to expectation values on future boundary

(inl (k1) (2)o (k3)o (Ra)lim)|
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Cosmological Correlators

e LSS and CMB structure can be traced to expectation values on future boundary

(inl (k1) (2)o (k3)o (Ra)lim)|

e Different from usual scattering
(out|¢(k1)p(k2)d(ks)d(ka)lin)

e (out|Olin) comes with time-ordering from right to left
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Di Pietro, L. et al. JHEP 2022, 03, 023

Cosmological Correlators

LSS and CMB structure can be traced to expectation values on future boundary

(inl (k1) (2)o (k3)o (Ra)lim)|

Different from usual scattering

(outlp (k1)@ (k2)(ks)d(ks)lin)

(out|Ol]in) comes with time-ordering from right to left

(in|Olin) needs time-ordering and anti-time-ordering
o Gives rise to 2 fields in EAdS
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Chowdhury, C. et al. JHEP 2025, 03, 007

Feynman Rules
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Chowdhury, C. et al. JHEP 2025, 03, 007

Feynman Rules

_ (2120 H?) 7€ ]od cos(pz1) cos(pzz)

Z] m=mmmmm———— z c RN , external normalized

- +e

i e I (p* + k%)
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Chowdhury, C. et al. JHEP 2025, 03, 007

Feynman Rules

2\1-e R
Zl ———m—————— 22 = w/d COS(le)EOS(pZQ), external normalized
i wC. J (p? + k2)1+e
2\1-e R ; :
21 22 = —w fd 51n(pzl)§1n(pz2)’ not external!
]2' 7‘(‘C€ < (p2 + k;2)1+€
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Chowdhury, C. et al. JHEP 2025, 03, 007

Feynman Rules

H2)l-e 7
Z] mmm—mm———— 22 :M/d COS(le)SOS(pZ2), external normalized
]% 77‘06 J (p2 + k2)1+6
g2\l 7 ; ;
21 29 :_Mfd 81n(pzl)§1n(pz2), not external!
]2' 7'('06 J (pZ + k;2)1+€
\\ // )\
N 7
AN T
// \\
AN
AN
N

€ regulator
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L-Loop Diagrams
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L-Loop Diagrams

e Interested in non-perturbative effects

e Add infinite series of /-loop Feynman diagrams

e Simplest topology is necklace, motivation from large N models

e Easy in flat space, but not in EAdS

N\ 4

Motivation Background
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e Combine trigonometric functions

e Use flat space techniques for loop
integral
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L-Loop Diagrams

Symmetry factors the same
Combine trigonometric functions

Use flat space techniques for loop
integral

Renormalize with counter-terms

e Interested in non-perturbative effects
e Add infinite series of /-loop Feynman diagrams
e Simplest topology is necklace, motivation from large N models
e Easy in flat space, but not in EAdS
N 4
\\ -~ - N - N -~ //
\\l/ 7 \/ 7 \ s
7\ | /\ 8 *
PN AN AN AR N
4 N\ [ )
4 N
N 4
AN - L=~ =~ °
N 7 \/ 7 \ s
/ \ L "
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Loop Integrals
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Loop Integrals

e Sum of all terms contributing at L-loop:

[ee)

d d ~
IL:)\L+1KLf%dZQ...dzL%G?(zl,kl,k2;zL+1,k37k4)
;A “L+1

><[dpl...dchos(plzl)cos(plzg)cos(pgzg)cos(pgz;z,)...cos(pLzL)cos(pLzL+1)

2, 1.2 2 2
+k +k
XlOg(H22122p1 3 )...log(H2zL2L+1pL 5 )
M K
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Loop Integrals

e Sum of all terms contributing at L-loop:

rd Az -
IL:)\L+1KLf%dZQ...dzL%G?(zl,kl,k2;zL+1,k37k4)
;A “L+1

><[dpl---dpLCOS(p1Z1)COS(P122)COS(Pzzz)COS(p223)---COS(pLZL)COS(pL2L+1)

2, 1.2 2 2
+k +k
XlOg(H22122p1 3 )...log(H2zL2L+1pL 5 )
M K

e Omitting 25 in regulator makes this easier: [ dzcos(zp) cos(zq) < 6(p—q)
0
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Chowdhury, C. et al. 2025

A New Regularization Scheme?
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Chowdhury, C. et al. 2025

A New Regularization Scheme?

e Compare to new " cosmological dressing rules” formalism

e Regularization of dotted lines not fully understood
e Is it possible to only regularize dotted lines connecting to external legs?

e With such a scheme, it would be possible to resum all L-loop terms
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