Big Bang Nucleosynthesis constraints
on resonant DM annihilations

or: what can we learn about Dark Matter from the first
few minutes after the Big Bang?

Pieter Braat

Theory
Jamboree 2024




Big Bang Nucleosynthesis 101

or: primordial light element formation in a nutshell

During Big Bang nucleosynthesis (BBN) the lightest elements are formed,
e.g. deuterium formation

n+p=D -+~

There are many more photons than baryons

Ty = 1 ~ 10_9
ey
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Big Bang Nucleosynthesis 101

or: primordial light element formation in a nutshell

During Big Bang nucleosynthesis (BBN) the lightest elements are formed,
e.g. deuterium formation

n+p=D -+~

There are many more photons than baryons

Ty = 1 ~ 10_9
ey

Although the binding energy of deuterium ~ few MeV, this process
doesn’t start until

TN ~ (01 — 1) MeV — tBBN ~ (1 — 300) S

Quickly thereafter, the deuterium is converted to heavier elements
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Big Bang Nucleosynthesis 102

or: primordial light element formation in a nutshell

Combining input from nuclear/particle physics and cosmology,
we can predict the abundances quite precisely (theory)
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Big Bang Nucleosynthesis 102

or: primordial light element formation in a nutshell

Combining input from nuclear/particle physics and cosmology, Observations from primordial gas clouds
we can predict the abundances quite precisely (theory)
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Photodisintegration

EM energy injection (from BSM Physics!) can destroy the newly formed elements

e.g. DM annihilations XX — € €' /77

The Injected particles scatter via interactions:
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WOULD BE A SHAME IF SOMETHING WERE TO HAPPEN TO IT
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Photodisintegration
NICE LIGHT ELEMENTS YOU HAVE THERE

EM energy injection (from BSM Physics!) can destroy the newly formed elements |2 : .' Y -
X e /v

e.g. DM annihilations XX — € €' /77
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WOULD BE A SHAME IF SOMETHING WERE TO HAPPEN TO IT

The Injected particles scatter via interactions:
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Why resonant annihilations?

Consider dark sector with resonance

For MeV scale DM, annihilations peak in photodisintegration window!

mpr =My (2 +0om) om<KL1

Injected power
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Why resonant annihilations?
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Why resonant annihilations?

Consider dark sector with resonance

mpr =My (2 +0om) om<KL1

For MeV scale DM, annihilations peak in photodisintegration window!

X
2?’Ld 1
S R
m?{nd—l—l
X
e /v
5 p3 vq ¢ dark coupling
my Yo i Visible coupling Model independent setup!
ng =0 s—wave
et/ ng =1 p—wave

Pieter Braat BBN constraints on resonant DM annihilations 23-01-24



Results (s-wave)

Observations and theory match —> we can constrain the strength
of the DM annihilations

The constraints depend on the kinetic decoupling temperature
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Kinetic decoupling when scattering becomes inefficient, i.e. when

I' = Ne <OU>X€—>X€|T:de 5 H(de)

Same story for a p-wave resonance!
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Conclusions

* The first few minutes after the Big Bang provide a powerful probe of BSM physics

* One example is DM that annihilates resonantly into SM photons or electrons, which would
disintegrate light elements

* Using BBN observations we can constrain the DM annihilation cross section

* The constraints depend on kinetic decoupling temperature; if the dark and SM sector remain in
thermal contact long enough, the resonance strengthens the bounds
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Temperature dependence

Injected energy depends on the thermally averaged cross section

my, ATS/? 10 -
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Kinetic decoupling when scattering becomes inefficient, i.e. when

I' = Ne <UU>X6—>X6‘T:de SJ H(de)

Scattering is related to annihilation via crossing symmetry
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Temperature dependence

m, =10 MeV,6m=10"%,y,=1073,y,=10"1°

Injected energy depends on the thermally averaged cross section
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Comparison to other bounds

p-wave results can be quite strict 10_123
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BBN constraints are more strict than CMB, and can probe
Kinetic mixings down to 107-11!
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