Gravitational Portals

e Examples of Inflation:Starobinsky and T-models
* Instantaneous vs non-instantaneous reheating
*Particle Production
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Then what happens?

® Inflaton decays leading to reheating
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® Inflaton oscillations => particle production
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R+R2 Gravity




Planck-friendly Models: R+R? |nflation

Starobinsky

x=h/Mp, P2 = 3M2

..............

Slow Roll parameters:
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No-Scale realization of Starobinsky

Can we find a model consistent with Planck? Ellis, Nanopoulos, Olive

Cremmer, Ferrara,
Kounnas, Nanopoulos;

S mith NS K R LTt B Bk
:& 5 A 3 Nanopoulos
and a WZ model: W — §<I> - §<I>

Assume now that T picks up a vev: 2<Re T>=c¢




No-Scale mc
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Reheating

In the absence of a direct coupling of the inflaton to matter,
reheating does NOT occur.
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Reheating

Significant reheating if the inflation (®) is directly coupled to
matter
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and ¢1 can be associated with a heavy singlet sneutrino
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Inflationary Context

2
No-scale supergravity: K =-3In (T + T — @)
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Inflationary Context

2
No-scale supergravity: K =-3In (T + T — %)
¢ P 3 /
W=M<2 —3\/§> Starobinsky V = 1M2(1—e_ 2/3¢")2
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Inflationary Context

2
No-scale supergravity: K =-3In (T + T — @)
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Inflationary Context l

2
No-scale supergravity: K = -3In (T 4T — |§g‘ )
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Results for a-Starobuinsky and a-T-models  -3ln —-3a In
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Post-Inflation l

1. 1.
Ty = 5c1>2 +V(®); Py = 5c1>2 —V(®),

po +3H(pe + Po) =0,

® +3HD 4 V(D) = 0,



Post-Inflation
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Post-Inflation
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Post-Inflation

1. 1.
p¢:§q>2+V(q>); Pq,ZECI)Z—V(CI)),

po +3H(po + Po) =0,
® 4 3HD + V(D) =0,

allowing for decay coupling: LY _¢,, = —yoff L'y = y_m¢(¢)




Post-Inflation

1. 1.
pp ==D* +V(®); Py ==-0"—V(D),

2 2
po +3H(po + Po) =0,
® 4 3HD + V(D) =0,
2
allowing for decay coupling: LY _¢,, = —yoff L'y = 8_7Tm¢(¢)
dp
d—f +3H(1 +wg)pg = —(1 + wy)l'gpg
d
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Inflaton Oscillations
o(t) = ¢o(t) - P(¥)

/ Periodicity
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Reheating: Generation of the
Radiation bath

6 k
aend) k+2
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as matter for k=2

End of Inflation: Inflation ends when

er(¢) = 2Mp (

In terms of conventional slow-roll parameters (
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Reheating: Generation of the
Radiation bath
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Reheating: Generation of the
Radiation bath
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Reheating: Generation of the

More generally,

LD 1

Radiation bath
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Particle Production

(Freeze-in)

Suppose some coupling to the Standard Model with cross section

TTL
Boltzmann Eq.
5 A Tn+6
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Particle Production

(i) For n < 1=K
S(To) 10 Mp 2k +4 T
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(iii) For n > 1
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Particle Production ‘
\\

QDMhQ =0.1 Yy = 1()_5

1 10° 100 10° 1012
mpwm [GGV]

k=2 Toax ~ 102 GeV and Trep, ~ 10Y GeV
ex: gravitino - n=0, A=Mp, and for k=2, 2h2 ~ .1 when m3, ~ 100 GeV

slope changes when my ~ Tren



k=2  Thax ~ 10** GeV and Tren

ex: mediator with mass A

slope changes when my ~ Tren



_Particle Production

L (Qpuh® = 0.1

n==~06

1012.5, y = 107° |

102 10" 100 105 100 107
mpwm [GGV}

(©)
k=2  Tpax ~ 10 GeV and Trep, ~ 10V GeV

ex: gravitino production in high scale supersymmetry

Expect A2 ~ m32 Mp correct relic density for mzo~ 1 EeV




GravitationaltPorta

Mambrini, Olive;
Clery, Mambrini, Olive,
Verner
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Gravitationalt Porta Mambrini, Olive;

Barman, Bernal;
Haque, Maity;
Clery, Mambrini, Olive,
Verner

rr’//'prr,’/o' _|_ rr’.u'o'frl’/p S ,r’,UJ/,r}PO'
H,ul/pd(k) N 2]€2 9

DM from the thermal bath
bf DM from Inflaton Scattering

of the thermal bath from Inflaton Scattering

Minimal Gravity only - No model dependence!
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Gravitationalt Portals
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GravitationaltPortals
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Inflationary GravitationalfEeEpIeUERESI

Co, Mambrini, Olive;
Bernal, Fong
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Gravitationalt Portals

Clery, Mambrini, Olive,
Verner;
Haque, Maity
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GravitationaltPortals
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GravitationaltPortals
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Non-minimal GravitationalfEeLtals

Clery, Mambrini, Olive,
Shkerin,Verner
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Non-minimal GravitationallEertals
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Non-minimal GravitationalfEeLtals
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Non-minimal GravitationallEertals
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Non-minimal GravitationallEertals
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Non-minimal GravitationalfEertalS

Co, Mambrini, Olive
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Summary

® Reheating- an essential component of all inflation models

® In many cases, the instantaneous reheating approximation is
too crude.

® Particle Production enhanced in the early phases of reheating
when rates are proportional to T"*¢ with n > 6 (expected for
gravitino production in high scale susy models).




