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starting point

Cosmic ray injection spectra are one of the particle physics input

needed to compute cosmic ray fluxes.
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These are numerically computed for DM pair annihilations (or
decay) [Cirelli et al: 1012.4515, Arina et al: 2312.01153]
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one-step annihilation b1 Panony

DM annihilation might proceed as a cascade process through
light(er) mediators ¢ [Mardon et al: 0901.2926, Fortin et al: 0908.2258]
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Pospelov et al: 0711.4866 ]
Bohem et al- 1401.6458 Gamma [Elor et al: 1503.01773]

Di Mauro, Wang: 2510.23771 Positron [Cholis et al. 0802.2922]
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one-step semi-annihilation Bl v Pwow

DM semi-annihilation into light(er) mediators ¢ is also possible
[D’Eramo, Thaler: 1003.5912]
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Bandyopadhyay et al: 2206.05811 Gamma [Queiroz, Siqueira: 1901.10494]
Beauchesn et al: 2403.01729 Antiproton [Arcadi et al: 1706.02336]
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realisation [F.0'Eramo, TS: 2502.19491] % b1 Pavows

Consider a Z3 charged scalar with ALP portal interaction to SM
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Only semi-annihilations are active at tree-level at O(l/f¢2)
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DM scenarios with extended phenomenology allow for multiple
collision types

aDM + bDM® & n DM®™ + £ ¢ + mSM
(1,1,0,0,2) annihilations
with (a, b, n,¢, m) = ¢ (1,1,0,2,0) one-step annihilations
(2,0,1,1,0) semi-annihilations
The Boltzmann equation for the DM number density reads

anM 2
d +3HnDM =Y am (nlz)M - n]equ) +2 semi (nlz)M - nDMn]e:)qM) :

Tann = — (V) pM DM SMSM — (TV) DM DM* 566

Zsemi = 2 <UV>DM DM<+DM ¢
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DM relic density

We can define

Zeﬁ(x) = Zann + Zsemi n= Zsemi/zeff
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One-step cascade processes kinematics affects the shape of
injection spectra of a generic cosmic ray species X.
Boosting the spectrum at production (¢ rest frame) gives
(assuming isotropic emission) [Mardon et al: 0901.2926]
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Each process is characterised by Lorentz boost factors 3, v
which modify also the integral range.
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scenarios
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In general, these processes can coexist and the associated cosmic
ray can be combined [F.D’Eramo, S.Manconi, TS: 2511.XXXXX]
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where contribution weights are naturally defined as
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The very same combination enters the total prompt gamma-ray
flux at the source (k = 1/2 for all processes)

do,  J(AQ) { N>
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with X.g the thermal cross section that reproduces the correct DM
abundance
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- We suggest a new scalar DM scenario with ALP portal
interactions to the SM which phenomenology is mainly determined
by semi-annihilations and one-step annihilations

- We investigate the features of cosmic ray injection spectra in a
model independent approach, allowing for DM frameworks with
rich phenomenology

Outlook

F.D'Eramo, S.Manconi, TS: 2511.XXXXX

® Systematic study of different channels
* Extend to different species X = (v, e™, p, D)
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The UV theory contains extra fields and a global U; symmetry

Field ® S Wy Vr
Type Complex scalar | Complex scalar | Weyl | Weyl
Uy charge -3 1 v | &w—3

— <1 <1 3
Luov D — (yWCDT\UL\UR n h.c.) +dar OTO HIH + Mg 0T STS + (/@*CDS + h.c.)
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After ® taking a VEV & — (V"’ +”> exp {,-ﬂ .

V2 Vo
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and integrating out heavy modes
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The UV theory matches onto our EFT as (Cg = 1):
f¢:V¢,, CB:2Y\12;7 A:3\6H*V¢
Higher order potential terms are naturally suppressed:

25 1 gast 3 = BY2Kdos g

V
s(5)> 7 v Yo

¢-dependent rotations S — elio/Gf)] s recover d-basis Lagrangian
up to dim-6 interaction terms
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