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Introduction: Big Bang Nucleosynthesis

BBN describes the production of light elements in the early Universe.
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Introduction: Big Bang Nucleosynthesis

BBN describes the production of light elements in the early Universe.
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Reach their asymptotic values ~ 10 keV.
However, even at later times, injections of

electromagnetic and hadronic material can
alter the BBN abundances.

How?



Introduction: Photodisintegration

The injection of EM particles into the SM plasma induces an EM cascade that
leads to non-thermal parts of the photon, electron, and positron spectra.
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Introduction: Hadrodisintegration

Similarly to photodisintegration, hadrodisintegration describes the late-time destruction of the light
elements, this time driven by hadrons.
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A quick overview of the neutrino cascade

We consider some relic ¢ with lifetime 74 > 10%s.
We are interested in studying the effect of the neutrino cascade that follows these decays.
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A quick overview of the neutrino cascade
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A quick overview of the neutrino cascade

a) final-state radiation
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Final-state radiation (FSR)
Decay particle produce a neutrino emitting a W-
or Z-boson

—> EW shower that leads to and HD
injections



A quick overview of the neutrino cascade

a) final-state radiation

b) thermal scattering
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A quick overview of the neutrino cascade

a) final-state radiation
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Final-state radiation (FSR)
Decay particle produce a neutrino emitting a W-
or Z-boson
—> EW shower that leads to
injections
Thermal scattering
Interactions with neutrino from the background
— injections
Non-thermal scattering
Interactions with other non-thermal neutrinos
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A quick overview of the neutrino cascade

a) final-state radiation
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b) thermal scattering —
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Final-state radiation (FSR)

Decay particle produce a neutrino emitting a W-

or Z-boson
—> EW shower that leads to and HD

injections

Thermal scattering

Interactions with neutrino from the background
— injections

Non-thermal scattering

Interactions with other non-thermal neutrinos
— and HD injections

Background cosmology

The presence of an additional relic will modify the

thermal history of the universe.
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Conclusions

Come find me @ my poster!
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Introduction: Photodisintegration

The injection of EM particles into the SM plasma induces an EM cascade that
leads to non-thermal parts of the photon, electron, and positron spectra.
High-energy photons with energies above the pair-production threshold: P
Bt = m2/(227) ) T
are efficiently depleted via double-photon pair creation (v, — eTe™). secter e 5 "
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Neutrino injections

%  Thermal scattering of the form vy, — eTe™

Note on thresholds and timescales. In order to inject electron-positron pairs:
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For heavier particles we need:

2

m 10 keV
w/m
Eupjrn ~ - 2(1.1/1.8) TeV (T)

for such high E, limits are dominated by FSR!

It can happen that, depending on the energy of the injected neutrino, the scattering time is faster than the Hubble time
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Neutrino injections

%  Thermal scattering of the form vy, — eTe™
We can compute the interaction rate:
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A note on model-building

Possible realization of this scenario include:

%  Majoron, with loop-suppressed decay into electrons.
%  Gauge boson coupled to two sterile neutrinos + seesaw mixing
%  Neutral component of a scalar triplet of hypercharge 2

%  Decay into one neutrino and one DS state is potentially also relevant.
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Results
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Results

1011 : . . 10_6 T T T 103
— fp=10 === Neff, cMB
— 10! 1077
00— fp=10 ; 102
— fy=10"" r
_— ;: =102 10°°
= 1
10° Fl— =103 10
— 10—9
8| % 10°
—. 10 6]
n A
] 10—10
S S |
T4 = 10
g 101
1072
6
10 1012
r— 1073
105 10-13L — 7 =10°s —— 7,=10"s
— =105 —— 7, =105 | P
— 1 =10"s =—— 7 =10""s === Neff, cMB 10
4 1 —14 i I L
10300 10! 102 10° 10* 107500 10! 102 103 10*
my [GeV] mgy [GeV]

DESY. BBN disintegration constraints from neutrino injections | Sara Bianco | 15.05.2025



