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1. WARM INFLATION | Introduction

Main idea: dissipation from the inflaton ¢ into a thermalised bath with p, oc T%.

¢+ BH+T)+Vys=0,
pr +4Hp, = I'¢?.

® The effective dissipative coefficient I" encloses information about (indirect) cou-
pling of inflaton to light degrees of freedom [Kamali, Motaharfar, Ramos ’23].

e Useful notation: () = %

Q@ = 0: cold inflation. @) < 1: weak dissipation; Q) > 1: strong dissipation.



1. WARM INFLATION |

If Q is large enough:
® Smooth transition into
radiation domination
® Evade tensions with

distance and dS

conjectures

Motivation
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2. PERTURBATIONS IN WI |  Introduction

Perturbation equations in warm inflation substantially differ from cold inflation:
e Extra dissipation terms o I' (to be expected)
¢ Additional radiation component T* =T (’;5”) + T(‘; l)’ coupled to the inflaton
and the metric.
¢ Stochastic white noise acts as thermal source for §¢ (fluctuation
dissipation theorem) (i (1)) = 0,  (Ep(t)Epr (1)) = 0(t — t)o(k + E')

In order to gain some intuition, consider the following simplified, decoupled

; . k2 2I'T
00k + (3H + )¢k + 500k = '\/jfk(f) :

equation




2. PERTURBATIONS IN WI |  Quantum vs thermal
Homogeneous solution (IC dependent, recovers cold limit when I' — 0):
.. ) k2
66 + (3H + 1)3dy) + =69} =

Inhomogeneous solution (vanishes when I' — 0):

(ret) ’
5¢k+(3H+F)5¢k+ 5¢k \/ {k = 5(15;; o I'\T, /d wfk(f)

23/2

5 =60 Mag +he. + 001
— S~——
quantum thermal (classical)




2. PERTURBATIONS IN WI |  Power spectrum
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Ok + k) Pog(k,t) = 5 (60w (1) 6 (1)), Ok = 60\ g + hoc. + 00\ T

¢ Quantum expectation value: (aka};, +he)=006k+kK).

E.g. vacuum (© = 1), thermal equilibrium (© =1+ 2npg) = next slide
¢ Ensemble average of thermal noise: ({g(t)&xr (') = 0(t — t')o(k + k')
® No cross terms

Summary:

Psp =P + P, with P =266 20 and P{) =TI.T. [ dt’ S,

o)

Q. < 1: P(EZ) dominates (and recovers H?/(2m) for Q. — 0)
Q. > 1072 (approx.): P(EZ)) dominates .



2. PERTURBATIONS IN WI

1. © is a sizeable, microphysics-dependent correction.

2. H? /(27) is not a good approximation for P(gg
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Two delicate issues

) for large Q.
1076 I
— PW(IJr‘?n ) (@)
R 2npp) + Py
10°74 |~ = PR+ PR
(%)Z(I +27I,RE)+,P7(-¢M
108 Q=1
1079 /\/
0| L<H | 7 /
_ ,
- )
T e
10712 1079 10-6 1073 1
Q-




3. IMPLICATIONS FOR GWB | CMB tensor-to-scalar ratio

Recall:

Pso =P + P, with P =620 and P{)=TI.T. [*dr’ S,
Qi< 1: P(EZ) dominates (and recovers H?/(27) for Q. — 0)

Q. > 1072 (approx.): 79(5('3 dominates .

¢ Main idea: thermal fluctuations enhance scalar perturbations while leaving

tensor perturbations unaffected.

e At CMB scales, this naturally suppresses the predictions for the

tensor-to-scalar ratio r.

® Scalar spectral index is transformed in a non-trivial way.
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3. ImpLICATIONS FOR GWB | CMB tensor-to-scalar ratio
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3. IMPLICATIONS FOR GWB |
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Pierre ’23]
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CMB tensor-to-scalar ratio

Compatible with CMB?
(assuming © = 1)

| ¢ | ot | &

T Yes | Yes | No

T3 No | Yes | No

T3/¢* || No* | No* | No

Rows: I'(¢,T), cols.: V().
*Yes” if © = 1 4 2npg
(critical model  dependence)
[Bartrum et al. ’14]

[Benetti, Ramos ’17]



3. IMPLICATIONS FOR GWB | PBHs and induced GWB

Recall:

Psg =Py + Py, with PP =2159M20 and Py) =T.7. [fdr’ SLL°,
Q« < 1: 73( Y dominates (and recovers H?/(27) for Q. — 0)

Q. > 1072 (approx.): 77()()) dominates .

¢ Main idea: a transient phase of strong dissipation enhances selectively the
modes which exit the horizon during it due to the enhancement of 777(;).
® This leads to a peak in the Pgr, with the subsequent peak in Qgw
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3. IMPLICATIONS FOR GWB | PBHs and induced GWB

I
" [@~107?] [Q~10] [Q~102 e~ (@~ [Q~107]
4
10 ki = aH
10099~~~ "~ A = =i Z et
( ; <7 Ve
= & 1
AN ST S -
1072 DS L
Q 107134 Ya 1 PQ
- = 10°x |g| N —— P
101 ‘ ‘ ‘ : 10161 ‘ = :
25 00 25 5.0 75 25 00 25 0 75
AN AN

Cf. inflection point potentials: quantum fluctuations are suppressed.
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3. IMPLICATIONS FOR GWB | PBHs and induced GWB
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CONCLUSIONS

® Power spectrum in warm inflation: quantum + thermal component

Pss = Py + Py

For Q, > 1072, 'P(g;) is (largely) dominant
¢ Tmplications for GWB:
® Dissipation = suppression of tensor-to-scalar ratio. Some models reconciled
with CMB
® Transient strong dissipation leads to peak in scalar power spectrum =— peak in

Qaw from scalar-induced GWs.

Comments and questions: alejandro.perezrodriguez@uam.es
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