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Motivation
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No evidence of WIMP so far...

Dark Matter interacts only gravitationally ?

* How to produce gravitational DM?
* How to detect?
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Gravitational DM production routes

dfSM «_ . X[SM
» Gravity mediated scatterings: LTI O
Mp .~ ., Mp
x i |F|',:u.-' i T
2112.15214 (Y. Mambrini et al.) $/SM - : ~~ X/SM

» Gravitational particle production
due to departure from adiabaticity.

Talk by
Sarah Geller.

=) Talk by Siyang Ling.

>PBH as DM. =) > Hawking evapora_t\iron of PBH.
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PBH and cogenesis

Rate of Hawking emission (Hawking 1974) :
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PBH and cogenesis
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* DM overproduced unless
P * Correct asymmetry for heavy RHN

superheavy. | and ultralight PBH: 0.1-10 g.
* Free-streaming length constrained

from structure formation.
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* DM overproduced unless
P * Correct asymmetry for heavy RHN

superheavy. | and ultralight PBH: 0.1-10 g.
* Free-streaming length constrained
from structure formation.

Need some mechanism to bring down the DM abundance !

Phenomenology 2023 EESY Suruj Jyoti Das, IIT Guwahati



PBH and cogenesis

Late decay of a long-lived field

108"

log1o (2)
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PBH and cogenesis

Late decay of a long-lived field
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PBH and cogenesis

Late decay of a long-lived field
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@ Extra matter-dominated era after PBH evaporation, before BBN.
@ The framework :

L5 %MNFN-I-}’NNHTEHLC..
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Evolution of baryon and DM yields
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Evolution of baryon and DM yields
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Parameter space for cogenesis

mpp : keV-GeV; mgy : {0.5 -5} g;

Parameter space of observed DM

abundance:

Parameter space of observed DM

abundance, with Resonant
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Detection through Gravitational Waves

e Spontaneous symmetry breaking of gauge group leads to:

a) Dynamical origin of seesaw scale, b) Cosmic Strings (Kibble 1976).
e Strings loose energy in the form of GW.
* Spectral Shape: Flat plateau with

Qcw ~ Aog (Symmetry breaking scale)

* In case of early-matter domination, plateau breaks

fa oc Ta

T . End of matter-domination / beginning of
A - -
radiation-domination.
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Mg;; = 5x10* g, G = 107, My = 10" GeV
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Mg;; = 5x10* g, G = 107, My = 10" GeV
L B e

GW from PBH density fluctuations

* GW from inhomogeneity in PBH
distribution.
 GW induced at second-order
(Domenech et al. 2021).
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Mg;; = 5x10* g, G = 107, My = 10" GeV
Tl T T S

[ B ',,' | ] N GW from PBH density fluctuations
§ N / 1 |
4 / LD « GW from inhomogeneity in PBH
< X distribution.
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Baryogenesis and DM from PBH

Direct baryon asymmetry from
decay of colored scalar

1712.02713 (R. Allhaverdi et al.)

LD ASYu+ N S*d°d® + 5 my 9 + hec.
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Baryogenesis and DM from PBH

Direct baryon asymmetry from
decay of colored scalar

1712.02713 (R. Allhaverdi et al.)

LD ASYuc+ N S*ded® + 1 my ¢ + hec.
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Baryogenesis and DM from PBH

Direct baryon asymmetry from
decay of colored scalar
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* Explored a scenario where DM with only gravitational
Interactions is produced solely from PBH evaporation.

* Leads to overabundance, unless DM is superheavy.

 Light DM window (upto PeV scale) can be opened with
entropy dilution by decay of a matter field.

* Cogenesis of DM and baryons highly constrains

parameter space, squeezing M_  upto GeV.

* Observational conseguences in the form of gravitational
waves (from cosmic strings, PBH density fluctuations) in
future experiments.

* Predicts vanishingly small neutrino mass, complementary

aspects in experiments like KATRIN.

Gravitational Imprints of BSM Physics Suruj Jyoti Das, IIT Guwahati



THANK YOU

Questions / Comments?
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