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In QFT, renormalisation is crucial

Observables , but
dependent on the energy scale of the system

¢ Collision =—————————) /s (CoM energy)
* Particle decay =————) m (vacuum/thermal mass)

* Thermal bath =) T (temperature)
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In particle physics experiments, this, . . oo
scale is set by an external operator ) \/

BEAM STATUS
"STABLE |

What happens inside the experiment
does not affect this choice.

... unlike in cosmology
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Causal Region

In cosmology

H(t) Hubble scale

Small-scale Ultraviolet
fluctuations w > H theory
(quantum)
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Infrared
Large-scale
. w < H Theory
fluctuations (classical)




In cosmology, this scale is set by the
expansion rate of the universe
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In cosmology, this scale is set by the
expansion rate of the universe
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What happens inside the experiment
perturbs the operator!



Cosmic Inflation

Big Bang INFL

Homogeneous, flat universe




V(o)

Inflation Potential

Inflation
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d+3Hp+V'(p) =0

¢end



V(o)

Inflation Potential

Inflation

D +3HP+V' () =0

Slow-roll: 3H ¢ ~ V' ()

V(d))
N2+ V(d))
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Inflation Potential

V(p) =Vo+ g1 ¢+ g20° + g3¢° + -

All couplings measured in the CMB
(Id est@ H = HCMB)



EFT of inflation

Comoving
Hubble

*
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BBN

« Recent » History

N = log(a)

AN ~ 50-60



V(o)

Inflation Observables

CMB modes
(No CMB imprint)

AN ~ 50-60
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V(o)

>

Inflation Observables

RG effects under
control

AN ~ 50-60
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Inflation Potential

V(p) =Vo+ g1 ¢+ g20° + g3¢° + -

All couplings measured in the CMB
(Id est@ H = HCMB)

When Hubble (and the field) evolves, the theory must be described by

U(p,H) =
Up + g1(H) ¢ + g.(H)p* + gs(H) P> + -



Our Approach: Effective Action

[[¢a] = —(VT) - Veg(¢a1)

Effective Potential

(Always Convex)



V(o)

Effective Action




Exact Renormalisation Group

At every scale: coarse grain the theory.

Litim, Wetterich, and many Flow equation for the
effective potential
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Exact Renormalisation Group

4D-Euclidean space » 3+1 FLRW problem

where £ = 0y U

UV theory: U(p,Hy) =V ()

UV cutoff: 11_1 — H{'}

ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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V(o)

Planck

CMB measurements

‘_ k ~ 0.05 Mpc~1

AN ~ 50-60




Effect on CMB observables

No Running

B P - ACT - LB - BK18
Planck — LB — BK18

0.950 0.955 96 0.965 0.970 0.97: 0.980 0.985

A popular The Data
model prediction

ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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Effect on CMB observables

No Running Running

B P - ACT - LB - BK18
Planck — LB — BK18

50

0.950 0.955 0.960 0965 0970 0975 0.980 0.985 0.950 0955 0960 0965 0970 0975 0.980 0.985

Il Il

Reduced number of e-folds > Shift to larger ng

ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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Effect on CMB observables

No Running Running

B P - ACT - LB - BK18
Planck — LB — BK18

0.950 0955 0960 0965 0970 0975 0.980 0.985 ‘ 0.950 0.955 0.960 0.965 0970 0.975 0.980 0.985

Il Il

Reduced number of e-folds > Shift to larger ng

Many more avenues to be explored: Axion DM, dark energy
dynamics, cosmological constant problem, bouncing
cosmologies, etc.

ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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Thank You!



1P| Effective Action

V(g) V(g) + AV(¢)
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1P| Effective Action

V(g) V(g) + AV(¢)

Slow-roll ol IMEL 3 |M ii,|

R =6(2H? + ¥

H ~ H(¢)




V(o)

>

Inflation Observables

RG effects under
control

AN ~ 50-60
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1P| Effective Action

V(g) + AV(¢)

V(g)

Inflation End

501~ [y

301




V(o)

Inflation Observables

L N N N N N _§ o

¢end



V(o)

Inflation Observables

— V()¢
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V(o)

Inflation Model Building

‘_ k ~ 0.05 Mpc™?

AN ~ 50-60




Spectral Index Running

ACT-LB-BK18
Planck-LB-BK18
P-ACT-LB-BK18
V(g) x ¢

V(@) x 92

V(§) x ¢/

R2




What about

quantum corrections?



1PI EFFECTIVE ACTION

V(g) V(g) + AV(¢)

Slow-roll

R =6(2H? + X

H ~ H(¢)




1PI EFFECTIVE ACTION

V(g) V(g) + AV(¢)
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1PI EFFECTIVE ACTION

V(g) V(g) + AV(¢)
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How CAN WE DO BETTER?



BAacK TO BAsIcS: EFFECTIVE ACTION

F[ﬁbcl} — _(VT) ' Véﬂc(fbcl)




FEFFECTIVE ACTION




V(o)

FEFFECTIVE ACTION




EFT of inflation

Homogeneous Background: ‘/t.‘.','_'_'_'_'_'_'_'_'_'_'_'_'_':_':;::.

Quantum Perturbations e,

(integrated out)

*
......
a .
..........
---------------

Classical Perturbations \ """""""" /

(super-horizon)

00000
- *
I .
gy .®
......
--------------



EFT of inflation

Comoving
Hubble

*
-----
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EXACT RENORMALISATION GROUP
At every scale: coarse grain the theory.

 Short wavelengths are integrated out.
 Large wavelengths live in the effective field theory.

Litim, Wetterich, and many

— 3 4(—q) Ri(q) #(q)-




EXACT RENORMALISATION GROUP
At every scale: coarse grain the theory.

 Short wavelengths are integrated out.
 Large wavelengths live in the effective field theory.
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ExAcT RENORMALISATION GROUP
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ExAcT RENORMALISATION GROUP

4D-FEuclidean space » J3+1 FLRW problem

(25)
(i/h)S|®] + (z’/h)/dz‘\/——g/dBI jp

—g [ ¢(t,p)e(t, —p)(Ck — ic)

f‘)F; B —(;[?‘} d? p rf q
ok(t) (27

/ At'(t — ') Ot 5.7) uCilp)

(}(p +q)

where
o(t, t"_, p,q)=
52Pf

[V |r;| p — 1€ }d p—l—g)r‘:(f t/ }—

(6)
ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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ExAcT RENORMALISATION GROUP

4D-FEuclidean space » J3+1 FLRW problem

+ Local Potential Approximation

N
[y[6] = /dt\/——gfd?’:r (—92 3;1,@01;¢—Uk(¢))

+ Litim Top-Hat Regulator

where

(10)

T—! =limy_,; 6(t — t') is a cut-off frequency

ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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ExAcT RENORMALISATION GROUP

4D-FEuclidean space » J3+1 FLRW problem

+ Specity the coarse-graining scale: NENlsl
(natural choice: 0 = 1)

+ Multiply by inverse propagator

F+ HF + (05U

where £ = o U

ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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RG running of inflation

Bare potential

Static field:

Valid in the

Rolling field:

Allows for

4C

¢ ~ cst.

— RG-Improved potential

U(9)

— H=H(¢) — U = Vge(d)

<I5(t);§/3(t) — $@),H(@) — U=U(p,H)




RG running of inflation

UV theory: | U(¢,Ho) = V() UV cutoff: MASESESH

ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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ExAcT RENORMALISATION GROUP

e de Sitter Case

ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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ExAcT RENORMALISATION GROUP

au,
dH

F = ZFH -?-_HQXA[ s W ith Fn —

ArXiv:2511.05296 — J. Alexandre, LH, S. Pla
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() 1 T
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ExAcT RENORMALISATION GROUP

No Running Running

. BB P - ACT - LB - BK18
Planck — LB — BK18

0.950 0.955 0.960 0965 0970 0975 0.980 0.985 : 0.950 0955 0960 0965 0970 0975 0.980 0.985

Il Il

Effect on Observables:

Reduced number of e-folds > Shift to larger ng
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FURTHER REFINEMENTS



1PI Matching

Adiabatic Limit + Minkowsky —— Vanilla 1PI result?

H=0and s=0=T1T=0

2603. XXX X—-Alexandre, LH, Pla
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1PI Matching

if one identifies 7! with 3x/16

2603. XXX X—-Alexandre, LH, Pla
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1PI Matching

No Running 7 Running

Il P ACT-LB - BKI18 Il P ACT-LB - BKI18
Planck — LB — BK18 Planck — LB — BK18

50
0.950 0.955 0.960 0.965 0 0.975 0.980 0.985 0.950 0.955 0.960 0.965 0.970 0.975 0.980 0.985
N

2603. XXX X—-Alexandre, LH, Pla
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Coarse-Graining Size Effect

B P - ACT-LB-BK18
Planck — LB — BK18

0.950 0.95¢ 0.960 0.965 0.970 0.975 0.980 0.985
T

2603. XXX X—-Alexandre, LH, Pla

Il P - ACT-LB - BKI1S
Planck — LB — BK18

0.950 0.955 0.960 0.965 0.970
N

0.975

0.980

0.985
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DISCUSSION

What happens after inflation?

What is the role of metric fluctuations?

What about other potentials?

What about RG corrections to the Kinetic term?

Where has the spinodal instability gone?

Application to oscillating scalars and oscillon formation
Application to quintessence scenarios

UV-IR interactions: CTP formalism and stochastic inflation
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V(o)

Constraints Across Scales

AN ~ 50-60

Lya:

_ k ~ 0.05 Mpc™?

k~0.2—25Mpc?

Lyman — «




V(o)

Constraints Across Scales

_ k ~ 0.05 Mpc™?
ACT: k < 0.6 Mpc™1
SPT—3G: ks 0.7Mpc?
Lya: k~0.2—2.5Mpc
AN ~ 50-60
< >

ACT
SPT — 3G
Lyman — «
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