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Dark matter search strategies
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Gamma-ray flux from dark matter
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Source spectra



Spectral features of gamma rays from dark matter
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Summary of the possible processes
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Leading order EW interactions

Bremsstrahlung and EW correctionsBaryon and meson decays



Spectra calculated with the resonance approach
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• Standard tool to calculate the spectra using PYTHIA (PPPC4DMID). 


• This case resemble the annihilation of fermionic DM (e.g. neutralinos).


• Spin information is lost as the outgoing particles do not have assigned helicities 
and polarisation. 


• Electroweak corrections will not be taken properly into account.    
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State of the art: PPPC 4 DM ID
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• They used Pythia 8.135 (about 13 years old) to calculate, with the resonance approach, DM spectra for 
different annihilation channels and masses from 5 GeV to 100 TeV. 


• EW corrections are added, without resummation, by hand on top of Pythia results (matching issue?) 
(Ciafaloni et al. 2010).


• Large cutoff on the minimum transverse momentum for photons emitted off lepton lines in the shower.


• Polarization and helicity information is absent during the showering.


• Off-shell effects for the EW Gauge boson channels were not taken into account.



State of the art: HDMS
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• They have provided decay spectra for DM with masses >500 GeV.


• Spectra of dark matter annihilation/decay were calculated using 
analytical methods (DGLAP evolution equations) and matched to 
PYTHIA at the electroweak scale.


• The results of HDMS can lead to theoretical problems in the matching 
between the physics generated by the DGLAP formalism in the 
unbroken phase and the physics described by Pythia

Will be denoted by HDMS in what follows



Electroweak boson radiation
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• We use the Vincia algorithm (Pythia v. 8.309) which we interface with MadDM.


• We include contributions from triple gauge boson interaction.


• We include subsequent radiation of Gauge bosons


• Helicity and polarization info are considered across the entire showering. 



Components in the spectra
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•We include polarisation and helicity of particles.


•We include annihilation channels with off-shell 
gauge bosons.

Polarisation and helicity information

Effect of 
polarization

Effect of helicity



VINCIA Tuning
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Summary of the novelties
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• Polarization and helicity effects:  We use MadDM which we interface with PYTHIA 8 and 
VINCIA shower plugin being the default option. 


• Resummed electroweak corrections and interleaved resonance decays: The electroweak 
corrections are modeled with helicity-dependent Antenna showers and Sudakov form factors. 


• Running quark masses and full mass effects: We use running quark masses instead of pole 
masses.


• New annihilation channels: We also calculate the spectra for two new annihilation channels 
( ).


• Off-shell effects: We take into account off-shell effects. For the case of  we 
generate the spectra of the four-body decays and DM masses down to 5 GeV.


• Full one-loop effects: For one-loop induced annihilation channels ( ), we take into 
account the full one-loop effects instead of effective couplings.


• Improved hadronization model: We carry out a new tuning of the hadronization model 
parameters using a set of measurements performed at the Z-boson pole. 

χχ → γZ, HZ
WW, ZZ, HZ

γγ, γZ, gg



Comparison with PPPC and HDMS

14

10°3

10°2

10°1

dN
∞
/d

lo
g 1

0
(x

)

m¬ = 100 GeV, ¬¬ ! e+e°

∞ rays

PPPCDM

QCDunc

MadDM, Pythia

MadDM, VINCIA

°8 °7 °6 °5 °4 °3 °2 °1 0
log10(x)

0.5

1.0

1.5

R
at

io
w

rt
V

IN
C

IA



Comparison with PPPC and HDMS
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Korsmeier et al. 2018

Dark matter search with cosmic antinuclei
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Coalescence models



Tuning on ALEPH data point
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Cosmixs predictions for Dbar
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Current Uncertainties on Dbar source spectrum
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Spectra are publicly available
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https://github.com/ajueid/CosmiXs
Dark Matter mass between 5 GeV and 100 TeV



Conclusions
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• We have significantly improved the predictions for particle spectra from dark 

matter annihilation.


• Our results include several effects not previously accounted for in PPPC4DMID.


• These improvements are relevant across all indirect detection strategies.


• CosmiXs tables are already implemented in MadDM and MicrOMEGAs, and will 

soon be adopted as the default in the FermiTools.


• We encourage developers of other tools to adopt our results.


• We are extending CosmiXs up to 1 PeV in dark matter mass.


• The tables will be periodically updated, especially following major Pythia 

releases.



Backup slides
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Multiplicities

24



Backup slides
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State of the art: QCDUnc
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(arXiv: 2303.11363)

(arXiv: 1812.07424)
(arXiv: 2202.11546)

Will be denoted by QCDUnc in what follows

• They New spectra of DM cosmic messengers using new 
tunes of PYTHIA 8 (version 2.19 and 3.07)


• Estimated QCD uncertainties using parametric variations 
of the hadronization parameters (about 10%).


• Estimated the impact on the best-fit point of the fitted DM 
mass and thermally-averaged annihilation cross section 
(in a two-parameter model).



Importance of precise predictions
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• There are hints for possible excess over the astrophysical backgrounds in various 
experiments, especially Fermi-LAT and AMS.


• These excesses triggered a plethora of phenomenological analyses aiming to explain it with 
dark matter.


• An important finding is that the precision in the determination of the particle spectra from 
DM annihilation is important in the fitting procedure.

Cuoco et al. 2019



Gamma rays from dark matter annihilation
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(Prompt)



Wigner approach
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