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OUTLINE

¢ First meeting with Antonio during the PhD:
Baryogenesis via Leptogenesis & Inflation

in SUB)GUT

¢ Long term inspiration on Dark Matter:
SuperWIMPs, FIMPs, Super F1IMPs,
Boltzmann suppressed FIMPs

< The astro/particle/cosmology connection for
BSM: exploring all evidences and aiming to
unify the two models: Standard Model and
LambdaCDM

¢ Outlook



How | MET ANTONIO



As a PhD student at SISSA I was looking for a PhD project

in the direction of cosmology/astroparticles and talking with
the director Daniele Amati, he told me that a new professor
was coming to SISSA 1n that field, Antonio Masiero.

As soon as he arrived at SISSA, I went to talk to him about
possible projects and he suggested to apply Baryogenesis via
Leptogenesis to SUSY models together with Esteban Roulet

as co-supervisor, based on the papers

Baryogenesis Without Grand Unification
M. Fukugita (Kyoto U., Yukawa Inst., Kyoto), T. Yanagida (Tohoku U.) (Jan, 1986)

Published in: Phys.Lett.B 174 (1986) 45-47 . . .
BaryogeneSIS via |eptogene3|s

M.A. Luty (Chicago U., EFI) (1992)
Published in: Phys.Rev.D 45 (1992) 455-465



We computed the CP asymmetry with Francesco Vissani and

quickly realised that one diagram was missing...
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... and dominates for hierarchical masses, x 3 !

Antonio was involved

in many discussions, but did not appear

as author on the paper:

CP violating decays in leptogenesis scenarios
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After a visit of Gia Dvali at ICTP, we started to discuss about
hybrid inflation in SU(5) and Antonio quickly suggested that
we should involve also Gennaro Miele and Gianpiero Mangano
and sent me to Napoli to work with them. We finished the
project in record time:

Hybrid inflation from supersymmetric SU(5)
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ERICE SCHOOL 1997

Thanks to Antonio, I was sent to present our results to a few
meetings, in particular COSMO1997 near Lancaster, which
ended up to be my next career station, and I was accepted
to participate to the Erice School on Subnuclear Physics

of that year...

35th Course:

Highlights: 50 Years later

Directors: G. ALTARELLI — G. VENEZIANO — A. ZICHICHI
26 August — 4 September 1997

Wondertful experience, having lunch with Antonio and great
international physicists, among them Sheldon Glashow and
Savas Dimopoulos, on a great place !



DARK MATTER:
ON THE SHOULDERS
OF GIANTS...



SUPERWIMP MECHANISM

[JE Kim, A.Masiero, D.Nanopoulos Phys.Lett. B 139 (1984) 346-350]
|[LC, JE Kim, L. Roszkowski Phys.Rev.Lett. 82 (1999) 4180-4183]

| . [J.L. Feng et al. Phys.Rev.D 68 (2003)063504 ]
< A long-lived WIMP ]

particle can decay after . !

decoupling and produce
the DM population: -

Thermal equilibrium |

Freeze—out -

< In the decay also other g 5F
particles are produced, :
but they should not :
disrupt BBN or any :

. _ I S ‘
other cosmological 8 - 100 1000

Observable. - X' = m /T (time -)



SUPERWIMP/FIMP PARADIGMS

Add to the BE a small decaying rate for the WIMP into a
much more weakly interacting (i.e. decaying 1) DM particle:

[Hall et al 10]
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[Feng et al 04]

SuperWIMP
DM
produced
by WIMP
decay after
freeze-out

Two mechanism naturally giving “right” DM density
depending on WIMP/DM mass & DM couplings



SUPERWIMP / FIMP

< The FIMP/Super WIMP type of Dark Matter production

i1s effective for any mass of the mother and daughter particle !

¢ Indeed if the mass ratio i1s large the WIMP-like density of
the mother particle gets diluted:

QW2 % BR(Z — 1) Qsh?

< Moreover the FIMP production is dependent on the decay
rate of the mother particle not just the mass and can work
also 1n different parameter regions...

QFI1L2 — 1027 g5y My L= 1))

3/2 2
g*/ Hs




SUPERFIMP: DM FROM A FIMP

[A. Biswas, S. Choubey, LC & S. Khan 2017]
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AXION & FIMP/SUPERFIMP DM

Maodels with two DM candidates possible, e.g. axions and
RH neutrinos FIMPs...

|LC & S. Khan 22]
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FIMP vs WIMP COUPLINGS

[Bernal et al. 1706 07442]

Usually FIMP and WIMP couplings very well separated !
[s 1t possible to go continuously from FIMP to WIMP ?



BOLTZMANN SUPPRESSED FIMP

[C. Cosme, F. Costa & O. Lebedev 2306.13061, 2402.04743,
G. Arcadi, F. Costa, A. Goudelis & O. Lebedev 2405.03760,
G. Arcadi, D. Cabo-Almeida & O. Lebedev 2409.02191,
F. Costa & L. Covi, 26xx.xxxxx|

Consider the case where the FIMP mass 1s larger
than the temperature at the time of production, then
the scattering rate 1s suppressed by a Boltzmann factor:

1
£ = Lhina/2 + TV ulHP + ..
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So need larger couplings to compensate the suppression !



BOLTZMANN SUPPRESSED FIMP

|F. Costa & L. Covi, 25xx.xxxxx]
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It 1s possible to move continuously from FIMP to WIMP
and possibly reach direct detection ! And maybe also 1D |



BOLTZMANN SUPPRESSED FIMP
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Higgs portal.
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[C. Cosme, F. Costa & O. Lebedev 2306.13061,
G. Arcady,F. Costa, A. Goudelis and O. Lebedev 2405.03760]

Very similar picture also
for the usual scalar

Higgs portal !
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THE
ASTRO/PARTICLE/
COSMOLOGY
CONNECTION



ASTROPARTICLE FOR
BSM BY ANTONIO _.»

\ﬂ
. . 2 .
Dark Matter Candidates: A Ten-Point Test Neutralino dark matter detection in osz&«@ >apersymmetry scenarios

Dark ma?’? e lic abundance and scalar - tensor dark energy  Light gra‘f"@{\@% as mixed dark matter
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Light dark mauQ% o 0mmon solution to the lithium and H 0 prob‘ og\e‘
/\[Gl[l[' qu\\)
“0g 2 Baryogenesis versus proton stability in theories with extra dimensions

¢/ oW
Unstable Photino Mass BOUHUGSC%; COSHlOlO(gQ’% Mixed dark matter from axino distribution

Constraining pre Big-Bang-Nucleosynthesis Expansion using Cosmic Antiprotons
CJO% (16.) SCL'),.
Constraining pre Big- Bang—Nucleosynthesis Expansion using Cosmic Antiprotons
R 0,
The Formation of cosmic structures in a light grav1t1no dominated universe ALBS(?

RO RV N

g SC
Hybrid inflation from supersymmetric SU(5) Baryogenesis via B-L violati m};{E N‘A unified models

Radlatlve neutrlno decay in SUSY and the ionization of %‘"‘ ﬂxﬁg\f{‘uughout the universe
YU
A MONOCHROMATIC AXINO DOMINATED \[)ﬂ(;m{ ﬂ S Towards a Supersglmmetrlc cosmology

Superhiggs Effect Wf: 3 ()N P} Oymmetry and Vanishing Cosmological Constant

: AG‘CALB
Baryon Asymmetry and Low-energy Parity Restoration

L
COSMOLOGICAL BARYON PRODUCTION THROUGH SUPERHEAVY FERMIONS



VH NG 006
Particle Physics and

Cosmology:
beyond the two Standard Models

Laura Covi

Two models, two worlds

The Group VH-NG-006:
collaboration between
Hamburg and Padova (ltaly)

Common project 2004-09

with activities on

Dark Matter,
O PESY § uni Hamburg ot
Wilfried Buchmueller, Jan Louis GUT mOdel bulldlng’
O Padova l/twi\/ersi’cg, (Taly mﬂatlon

Awntonlo Mastero, Antonlo Riotto




GRAVITINO DM SUMMARY

m MNLSP 100 GeV
g | 3/ 2 | NOT LSP
leV 1keV 1MeV 1GeV 1TeV
— -
HOT COLD
STl - - - - - Excluded by LSS _______ o
' (NLSP decay)
Th. equilibrium Not in thermal equilibrium Tru(GeV)
NOT DM £ = o =
10 10 10 10
Ti\]L:SP(S) : : ! —)?(11’ 7 lAVTLSB>
1G> 10=2 0= 10° 10”
. Gaugino mediation |
: Gauge mediation > Giavity mediation

Anomaly mediatione——



DECAYING DM

|G. Bertone, W. Buchmueller, L.Covi & A. Ibarra, 0705.2702]
¢ The flux from DM decay in a species 1 1s given by

Le 2 d N,

1

O(6, F) =

Particle Physics

matters 1s the DM lifetime...

@ Galactic & extragalactic
signals are comparable...

< Spectrum 1n gamma-rays
given by the decay channel!

Smoking gun: gamma line...
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Dark Matter Candidates: A Ten-Point Test

Marco Taoso'?, Gianfranco Bertone?, and Antonio Masiero!
1 INFN, Sezione di Padova, via Marzolo 8,Padova,35131,Italy and
2 Institut d’Astrophysique de Paris, UMR 7095-CNRS,
Université Pierre et Marie Curie, 98 bis Boulevard Arago 75014, Paris, France

1. Does it match the appropriate relic density?

2. Is it cold?

3. Is it neutral?

4. Is it consistent with BBN?

5. Does it leave stellar evolution unchanged?

6. Is it compatible with constraints on self-
interactions?

7. Is it consistent with direct DM searches?

8. Is it compatible with gamma-ray constraints?
9. Is it compatible with other astrophysical bounds?

10. Can it be probed experimentally?



DM

< The DM particle or the DM sector should fit into a
BSM model solving more than the DM problem, e.g.

hierarchy, neutrino masses, strong CP problem, etc...

< An effective DM production mechanism should be
present, possibly independent from initial conditions.

< Possibly detectable Dark sector in the near future.

10%eV peV neV peV meV eV kevw. MeV GeV TeV M,
1 I l,,,,l L1 I L1 | L1 I L1 I L1 I L1 | L1 I L1 I L1 I.,,,l I 1
T h pre-infl. QCD axion ’ ¢ general thermal WIMP e DARK
post-infl. sterile
fuzzy DM “ QCDI axion neutrino ADM MATTER
classical” _ _
QCD axion ) non-thermal WIMP (FIMP) d
« N paradigms
QCD axion standard

thermal WIMP
(e.g. SUSY neutralino)



OPENING NEW TRENDS

Towards a supersymmetric cosmology unlfylng
John R. Ellis (CERN), K. Enqvist (CERN), G. Gelmini (CERN), C. Kounnas (CERN), A. Masiero (CERN) et al. (May, . 1 d
article an
1984)
Published in: Phys.Lett.B 147 (1984) 27 COSMOo
Unstable Photino Mass Bound From Cosmology
Jihn E. Kim (CERN), A. Masiero (CERN), Dimitri V. Nanopoulos (CERN) (Feb, 1984) d s
published in: Phys.Lett.B 139 (1984) 346-350 ecaying
Cosmological signatures of supersymmetry with spontaneously broken R-parity DM
V. Berezinsky (Gran Sasso and Moscow, INR), A. Masiero (INFN, Padua), JW.F. Valle (Valencia U.) (Jun, 1991)
Published in: Phys.Lett.B 266 (1991) 382-388
Light gravitinos as mixed dark matter
Stefano Borgani *®, Antonio Masiero ¢, Masahiro Yamaguchi ¢! 1 .
4 INFN, Sezione di Perugia, Dipartimento di Fisica, Universita di Perugia, via A. Pascoli, I-06100 Perugia, Italy mu tlcomponent
b SISSA-International School for Advanced Studies, via Beirut 2-4, 1-34013 Trieste, Italy
¢ Dipartimento di Fisica, Universita di Perugia and INFN, Sezione di Perugia, via A. Pascoli, I-06100 Perugia, ltaly D l V ‘
4 Luotiniss fiir Theoretische m. sik, Physik Dzpartment, Technische Universitit Miinchen D-85747 Garching, Germany
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A MINIMAL ADM+WIMP MODEL

[A. Biswas, S. Choubey, LC & S. Khan 2018]
[LC, S. Dey, S. Khan & S. K. Rai, 2504.09632]

Let us consider a minimal model for leptogenesis with two
RH neutrinos to explain the neutrino masses and give the

correct mixing matrices, as well as leptogenesis.

Gauge
Group

Fermion Fields

Scalar Fields

e

'*I"J_ L = (-{',1"_!1 \ ﬂf‘?)i 1

| V2R

I ]

Wap = (v, "‘f-f'z‘:l)i

VAR

f.i}f !

oD

o

SU(3),

1

1

1

1

1

1

1

SU(2);.

1

1

1

e
—t [ — = -e"_":

2

1

1

SU(2)p

9

1

i I

1

1

2

2

E;; bt Zg

(w,1)

(w, 1)

(w,1)

(w?, —1)

(o.:zl—l}

(w? 1)

(1,1)

(1,1)

(1,1)

(w,1)

We need an additional Dark SU(2) in order to annihilate
away the symmetric DM component and a discrete symmetry
to reduce the number of possible couplings.

BOTH ADM and WIMP DM are possible !




MULTICOMPONENT DM

[L.Covi, S. Dey, S. Khan & S. K. Rai, 2504.09632]
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Two stable particles due to discrete symmetries, both can be
DM with the right density via WIMP and SuperWIMP

mechanisms, depending on the dark gauge coupling & masses



MULTICOMPONENT DM

[L.Covi, S. Dey, S. Khan & S. K. Rai, 2504.09632]
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Direct detection partially correlated with collider signals 1n jets
and missing E_T since driven by the mixing angle in the scalar
sector between the SM and exotic Higgs field



OUTLOOK

< Antonio has worked on a plethora of subjects as shown in
the talks in this session, moving from formal subjects in
Supersymmetry to particle phenomenology and astroparticle
physics and opening new trends in all directions and keeping
in view the great picture. A great example to follow !

< Particle physics has changed a lot since my PhD times and
the road towards astroparticle physics/cosmology has become
well-trodden, thanks also to Antonio, who really recognised
the power of the astroparticle/cosmology connection and

has applied and propagate it.

< He has been always a very supportive and encouraging teacher
and a great supervisor, not only for me, but for a long list of
students, so as a representative | would like to say:



HAPPY BIRTHDY ANTONIO

AND THANKS FOR ALL !



