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The (smoothed) EoM



Overview on perturbation theory for LSS
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Overview on perturbation theory for LSS
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Overview on perturbation theory for LSS

BT§+9=—/

/ op (PZ - (k - Pl)) 9P1 §p2(x(p1, Pz)
pP1 /P2

3
0:0 + HO + EmeHZ(S = — / / op (p2 — (k—p1)) 9p19p2:B(P1'p2)
P1 Y P2

Perturbative solution [J4(x,T) = Zﬂ"(’f)5(n)(x)
n




Overview on perturbation theory for LSS
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Overview on perturbation theory for LSS
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Overview on perturbation theory for LSS
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State of the art

1-loop widely applied to data (see e.g. newest DESI results)

Challenges to going to higher-loops:

- computational time
- structure of bias parameters and counter-terms gets complicated



Part I:

)
Towards two-loop EFT v



Fast two-loop evaluation

1-Loop: 2dim integral (~seconds)
2-Loop: 5dim integral (~minutes)
3-Loop: 8dim integral (~week)



Fast two-loop evaluation
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Fast two-loop evaluation
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Fast two-loop evaluation

I One-loop EFT, kmax = 0.11 h/Mpc
B Two-loop EFT, kmax = 0.26 h/Mpc
70
o
I | __ [
68
1.25
° 66
N>\<- 1.00
0.75 2.4r
£ 2.3f
0.50 20 : <
: 1 X 22k
l <”O 2.1
20000 - : = =
1 2.0
15000 - : 2 5 il : b5 b
s> 1 0.30 0.32 66 68 70 2.0 2.2 2.4
(o] 1
£ 100001 : (51 Ho 109 x As
1
5000 A i
i
005 010 015 020 025 030 0.35 : : .
Bakx, HR, Chisari, Vlah 2025;

Kmax (h/Mpc)




Conclusion |

- With two-loop we can go from k~0.11h/Mpc (one-loop) to k~0.26h/Mpc

- Factor 2 in FoM

- 20 to 30% gain in Cosmological parameters 'for free'



Part Il: How things change with
scale?

... Or on how to use a one-loop (renormalization group) to get
information about higher-loop terms 'for free'

Intuition: (1Tloop)*n ~ n-loop
(for some part of the integrals domain)
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Part Il: How things change with
scale?

Millennium Run<
10.077.696.000particles |

atal, (2004




0.2

1() !

Message to take home
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OFT101

Coupling constants evolve "flow" with the cutoff

Observables don't depend on the cutoff!
0
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OFT101

Coupling constants evolve "flow" with the cutoff

Observables don't depend on the cutoff!
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OFT101

Coupling constants evolve "flow" with the cutoff

Observables don't depend on the cutoff!
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The galaxy bias expansion

=

From lIllustris simulation,
Haiden, Steinhauser, Vogelsberger,
Genel, Springel, Torrey, Hernquist, 15

(a) dark matter (b) baryons

Stochastic field

L2 1= bolr) + ceolT)elx, T)]O(x, ) +He(x,7)
O

Bias review: Desjacques, Jeong, Schmidt



Important: those are the

Renormalizing the bias parameters |same parameters for ai

n-pt functions

In a nutshell, it is an Operator Product Expansion (OPE)

ng(x,7)

dg(x,7) = A 1= Z 1bo(7) + ce,o(T)e(x, 7)| Oz, 7) + €(2, T)
J o)

First order: 9;
Second order: | 62, Go:

Third order: 53, 0Ga, I's, G3;

Contribution from arbitrarily

small scales!
s



Important: those are the

Renormalizing the bias parameters |same parameters for all

n-pt functions

In a nutshell, it is an Operator Product Expansion (OPE)

1= Y18 + chotr)ile. 71Ol ) + a7

+ counter-terms ()

First order: 9
Second order: 52, Go;

Third order: 53, 0Go, I's, G3;




From A -independence to bias running

Then we expand...

— d_AOa(w) + ba d%ﬁm) dbq — dbq 1 %
dN  dA i dA

d db,

+asn
2L




From A -independence to bias running

Then we expand...
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From A -independence to bias running

Then we expand...
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Solutions

Wilson-Polchinski RG-equations
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Solutions (two-loop)
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So the 2Loop is small. Why should you care?

We can write EFT loops as:
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So the 2Loop is small. Why should you care?
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Resumming terms with the RG equations Bakx Garny. HR. Viah
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What do the solutions of the RG tell us? 52 Gamy. HR. Viah

We can always :
diagonalize the bias do
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PNGS Free term
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Stochasticity s, =" 1 -3 o) +ccolrfeta, P
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Simple expression for how stochastic terms talk to each other
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CO"C[USion " First images of Rubin

Cross-check for EFT inference;

- Systematic renormalization (+ stochastic +PNG);

- Systematic renormalization of n-point functions.
Self-consistent renormalization for P(k),
B(k1,k2,k3), ...

- (Unambiguously) Define Priors for EFT analysisin A — (

- More information from resummation? TBD!

- Measuring the running in the lattice (Harry's talk)







