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❖ Introduction and motivations 

❖ What is new? 

• Indirect detection module 

• Experimental constraints class 

• Model parameter space sampling 

❖ Example of an application: internal bremsstrahlung 

❖ Conclusions and outlook

Outline
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Why MadDM?

Dark Matter problem in a nutshell

❖ Indirect evidence 
❖ Many experimental approaches 
❖ Plethora of theoretical models 
❖ No signal → understanding of DM properties limited

Demand for numerical tools
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MadDM v.3.0 is out!

❖ MadDM is now a Madgraph plug-in 

❖ Beta version available at https://launchpad.net/maddm 

❖ New version of MG5_aMC_v2.6.2 needed

arXiv:1804.00044v1 

./bin/mg5_aMC 

>install maddm
Easy to install

https://launchpad.net/maddm
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Running MadDM

From the command line, execute maddm.py :
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Running MadDM

From the command line, execute maddm.py :
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What’s new?

MadDM capabilities

Relic density (MadDM v.1.0) 

• Coannihilation 
• Multi-component dark matter
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Direct detection (MadDM v.2.0) 

• Theoretical elastic spin-independent and spin-dependent cross section dark 
matter off nucleons 

• Directional event rate (double differential event rate) 
• LUX likelihood

Indirect detection (MadDM v.3.0) 

• Theoretical prediction for the velocity averaged cross section at present time  
• Generation of energy spectra from dark matter annihilation 
• Computation of fluxes at source and detection 
• Fermi-LAT likelihood for dwarf spheroidal galaxies

Model parameter space sampling (MadDM v.3.0) 

• Sequential grid scan 
• PyMultiNest interface

Experimental constraints module (MadDM v.3.0)
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Indirect detection module

• compute DM annihilation cross section

Inclusive ReshufflingMadevent
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Indirect detection module

• compute DM annihilation cross section

• calculate spectra of cosmic rays and fluxes at source

Inclusive ReshufflingMadevent

PPPC4DMID Pythia8
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Indirect detection module

• compute DM annihilation cross section

• calculate spectra of cosmic rays and fluxes at source

• galactic positrons/antiprotons propagation

Inclusive ReshufflingMadevent

PPPC4DMID Pythia8

DRAGON
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Indirect detection module

• compute DM annihilation cross section

• calculate spectra of cosmic rays and fluxes at source

• compare with experimental constraints

• galactic positrons/antiprotons propagation

Inclusive ReshufflingMadevent

PPPC4DMID Pythia8

Experimental constraints module

DRAGON
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Computation of cross section

The general expression is h�vi =
Z

dvrelP̃r(vrel)�vrel
<latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit>

Inclusive ReshufflingMadevent
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Computation of cross section

The general expression is h�vi =
Z

dvrelP̃r(vrel)�vrel
<latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit>

Inclusive
• Very fast, only DM DM → 2-body at LO, good for scans 
• P(v) = δ(vrel) 
• Numerical integration over the angle, no events generated

ReshufflingMadevent
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Computation of cross section

The general expression is h�vi =
Z

dvrelP̃r(vrel)�vrel
<latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit>

Inclusive
• Very fast, only DM DM → 2-body at LO, good for scans 
• P(v) = δ(vrel) 
• Numerical integration over the angle, no events generated

• Generic DM DM → n-body 
• P(v) = δ(vrel) 
• Generates events for Pythia8

Reshuffling

Madevent
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Computation of cross section

The general expression is h�vi =
Z

dvrelP̃r(vrel)�vrel
<latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit><latexit sha1_base64="0R+fF28nPrZ3p62yE0b6mkylCqw="></latexit>

Inclusive
• Very fast, only DM DM → 2-body at LO, good for scans 
• P(v) = δ(vrel) 
• Numerical integration over the angle, no events generated

• Generic DM DM → n-body 
• P(v) = δ(vrel) 
• Generates events for Pythia8

• Generic DM DM → n-body 
• P(v) Maxwell-Boltzmann  
• Better for light DM or DM~SM

P (v) =
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<latexit sha1_base64="qaP8ZPM6UwJlB4CQwPdpPEi8eYw="></latexit><latexit sha1_base64="qaP8ZPM6UwJlB4CQwPdpPEi8eYw="></latexit><latexit sha1_base64="qaP8ZPM6UwJlB4CQwPdpPEi8eYw="></latexit><latexit sha1_base64="qaP8ZPM6UwJlB4CQwPdpPEi8eYw="></latexit>

Reshuffling

Madevent
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Energy spectra

DM can annihilate into all possible SM final states kinematically open

�� ! gg, qq̄, l+l�, ⌫⌫̄, ZZ, W+W�, hh
<latexit sha1_base64="rKdHD+CfIygN411ifsAPNFWceUk="></latexit><latexit sha1_base64="rKdHD+CfIygN411ifsAPNFWceUk="></latexit><latexit sha1_base64="rKdHD+CfIygN411ifsAPNFWceUk="></latexit><latexit sha1_base64="rKdHD+CfIygN411ifsAPNFWceUk="></latexit>

�, e+(e�), p̄ (p), ⌫, ⌫̄
<latexit sha1_base64="zBm/DuU/Rp3b4zSQ4+Yorkv62Jc=">AAACJ3icbVDLSgMxFM3Ud31VXboJFqHFWmZE0JWIblwqWBU6bbmT3tZgkhmSjFCG/o0bf8WNoCK69E9MH+DzQODcc+7l5p4oEdxY33/3chOTU9Mzs3P5+YXFpeXCyuqFiVPNsMZiEeurCAwKrrBmuRV4lWgEGQm8jG6OB/7lLWrDY3Vuewk2JHQV73AG1kmtwkHYBSmhQsMKxeYWLWFzu0yHZRiBzpL+gJaS8khS6Zflin6rUPSr/hD0LwnGpEjGOG0VnsJ2zFKJyjIBxtQDP7GNDLTlTGA/H6YGE2A30MW6owokmkY2vLNPN53Spp1Yu6csHarfJzKQxvRk5Dol2Gvz2xuI/3n11Hb2GxlXSWpRsdGiTiqojekgNNrmGpkVPUeAae7+Stk1aGDWRZt3IQS/T/5LLnaqgV8NznaLh0fjOGbJOtkgJRKQPXJITsgpqRFG7sgDeSYv3r336L16b6PWnDeeWSM/4H18Ah+soT4=</latexit><latexit sha1_base64="zBm/DuU/Rp3b4zSQ4+Yorkv62Jc=">AAACJ3icbVDLSgMxFM3Ud31VXboJFqHFWmZE0JWIblwqWBU6bbmT3tZgkhmSjFCG/o0bf8WNoCK69E9MH+DzQODcc+7l5p4oEdxY33/3chOTU9Mzs3P5+YXFpeXCyuqFiVPNsMZiEeurCAwKrrBmuRV4lWgEGQm8jG6OB/7lLWrDY3Vuewk2JHQV73AG1kmtwkHYBSmhQsMKxeYWLWFzu0yHZRiBzpL+gJaS8khS6Zflin6rUPSr/hD0LwnGpEjGOG0VnsJ2zFKJyjIBxtQDP7GNDLTlTGA/H6YGE2A30MW6owokmkY2vLNPN53Spp1Yu6csHarfJzKQxvRk5Dol2Gvz2xuI/3n11Hb2GxlXSWpRsdGiTiqojekgNNrmGpkVPUeAae7+Stk1aGDWRZt3IQS/T/5LLnaqgV8NznaLh0fjOGbJOtkgJRKQPXJITsgpqRFG7sgDeSYv3r336L16b6PWnDeeWSM/4H18Ah+soT4=</latexit><latexit sha1_base64="zBm/DuU/Rp3b4zSQ4+Yorkv62Jc=">AAACJ3icbVDLSgMxFM3Ud31VXboJFqHFWmZE0JWIblwqWBU6bbmT3tZgkhmSjFCG/o0bf8WNoCK69E9MH+DzQODcc+7l5p4oEdxY33/3chOTU9Mzs3P5+YXFpeXCyuqFiVPNsMZiEeurCAwKrrBmuRV4lWgEGQm8jG6OB/7lLWrDY3Vuewk2JHQV73AG1kmtwkHYBSmhQsMKxeYWLWFzu0yHZRiBzpL+gJaS8khS6Zflin6rUPSr/hD0LwnGpEjGOG0VnsJ2zFKJyjIBxtQDP7GNDLTlTGA/H6YGE2A30MW6owokmkY2vLNPN53Spp1Yu6csHarfJzKQxvRk5Dol2Gvz2xuI/3n11Hb2GxlXSWpRsdGiTiqojekgNNrmGpkVPUeAae7+Stk1aGDWRZt3IQS/T/5LLnaqgV8NznaLh0fjOGbJOtkgJRKQPXJITsgpqRFG7sgDeSYv3r336L16b6PWnDeeWSM/4H18Ah+soT4=</latexit><latexit sha1_base64="zBm/DuU/Rp3b4zSQ4+Yorkv62Jc=">AAACJ3icbVDLSgMxFM3Ud31VXboJFqHFWmZE0JWIblwqWBU6bbmT3tZgkhmSjFCG/o0bf8WNoCK69E9MH+DzQODcc+7l5p4oEdxY33/3chOTU9Mzs3P5+YXFpeXCyuqFiVPNsMZiEeurCAwKrrBmuRV4lWgEGQm8jG6OB/7lLWrDY3Vuewk2JHQV73AG1kmtwkHYBSmhQsMKxeYWLWFzu0yHZRiBzpL+gJaS8khS6Zflin6rUPSr/hD0LwnGpEjGOG0VnsJ2zFKJyjIBxtQDP7GNDLTlTGA/H6YGE2A30MW6owokmkY2vLNPN53Spp1Yu6csHarfJzKQxvRk5Dol2Gvz2xuI/3n11Hb2GxlXSWpRsdGiTiqojekgNNrmGpkVPUeAae7+Stk1aGDWRZt3IQS/T/5LLnaqgV8NznaLh0fjOGbJOtkgJRKQPXJITsgpqRFG7sgDeSYv3r336L16b6PWnDeeWSM/4H18Ah+soT4=</latexit>
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Energy spectra

DM can annihilate into all possible SM final states kinematically open

�� ! gg, qq̄, l+l�, ⌫⌫̄, ZZ, W+W�, hh
<latexit sha1_base64="rKdHD+CfIygN411ifsAPNFWceUk="></latexit><latexit sha1_base64="rKdHD+CfIygN411ifsAPNFWceUk="></latexit><latexit sha1_base64="rKdHD+CfIygN411ifsAPNFWceUk="></latexit><latexit sha1_base64="rKdHD+CfIygN411ifsAPNFWceUk="></latexit>

PPPC4DMID Pythia8

http://www.marcocirelli.net/PPPC4DMID.html

�, e+(e�), p̄ (p), ⌫, ⌫̄
<latexit sha1_base64="zBm/DuU/Rp3b4zSQ4+Yorkv62Jc=">AAACJ3icbVDLSgMxFM3Ud31VXboJFqHFWmZE0JWIblwqWBU6bbmT3tZgkhmSjFCG/o0bf8WNoCK69E9MH+DzQODcc+7l5p4oEdxY33/3chOTU9Mzs3P5+YXFpeXCyuqFiVPNsMZiEeurCAwKrrBmuRV4lWgEGQm8jG6OB/7lLWrDY3Vuewk2JHQV73AG1kmtwkHYBSmhQsMKxeYWLWFzu0yHZRiBzpL+gJaS8khS6Zflin6rUPSr/hD0LwnGpEjGOG0VnsJ2zFKJyjIBxtQDP7GNDLTlTGA/H6YGE2A30MW6owokmkY2vLNPN53Spp1Yu6csHarfJzKQxvRk5Dol2Gvz2xuI/3n11Hb2GxlXSWpRsdGiTiqojekgNNrmGpkVPUeAae7+Stk1aGDWRZt3IQS/T/5LLnaqgV8NznaLh0fjOGbJOtkgJRKQPXJITsgpqRFG7sgDeSYv3r336L16b6PWnDeeWSM/4H18Ah+soT4=</latexit><latexit sha1_base64="zBm/DuU/Rp3b4zSQ4+Yorkv62Jc=">AAACJ3icbVDLSgMxFM3Ud31VXboJFqHFWmZE0JWIblwqWBU6bbmT3tZgkhmSjFCG/o0bf8WNoCK69E9MH+DzQODcc+7l5p4oEdxY33/3chOTU9Mzs3P5+YXFpeXCyuqFiVPNsMZiEeurCAwKrrBmuRV4lWgEGQm8jG6OB/7lLWrDY3Vuewk2JHQV73AG1kmtwkHYBSmhQsMKxeYWLWFzu0yHZRiBzpL+gJaS8khS6Zflin6rUPSr/hD0LwnGpEjGOG0VnsJ2zFKJyjIBxtQDP7GNDLTlTGA/H6YGE2A30MW6owokmkY2vLNPN53Spp1Yu6csHarfJzKQxvRk5Dol2Gvz2xuI/3n11Hb2GxlXSWpRsdGiTiqojekgNNrmGpkVPUeAae7+Stk1aGDWRZt3IQS/T/5LLnaqgV8NznaLh0fjOGbJOtkgJRKQPXJITsgpqRFG7sgDeSYv3r336L16b6PWnDeeWSM/4H18Ah+soT4=</latexit><latexit sha1_base64="zBm/DuU/Rp3b4zSQ4+Yorkv62Jc=">AAACJ3icbVDLSgMxFM3Ud31VXboJFqHFWmZE0JWIblwqWBU6bbmT3tZgkhmSjFCG/o0bf8WNoCK69E9MH+DzQODcc+7l5p4oEdxY33/3chOTU9Mzs3P5+YXFpeXCyuqFiVPNsMZiEeurCAwKrrBmuRV4lWgEGQm8jG6OB/7lLWrDY3Vuewk2JHQV73AG1kmtwkHYBSmhQsMKxeYWLWFzu0yHZRiBzpL+gJaS8khS6Zflin6rUPSr/hD0LwnGpEjGOG0VnsJ2zFKJyjIBxtQDP7GNDLTlTGA/H6YGE2A30MW6owokmkY2vLNPN53Spp1Yu6csHarfJzKQxvRk5Dol2Gvz2xuI/3n11Hb2GxlXSWpRsdGiTiqojekgNNrmGpkVPUeAae7+Stk1aGDWRZt3IQS/T/5LLnaqgV8NznaLh0fjOGbJOtkgJRKQPXJITsgpqRFG7sgDeSYv3r336L16b6PWnDeeWSM/4H18Ah+soT4=</latexit><latexit sha1_base64="zBm/DuU/Rp3b4zSQ4+Yorkv62Jc=">AAACJ3icbVDLSgMxFM3Ud31VXboJFqHFWmZE0JWIblwqWBU6bbmT3tZgkhmSjFCG/o0bf8WNoCK69E9MH+DzQODcc+7l5p4oEdxY33/3chOTU9Mzs3P5+YXFpeXCyuqFiVPNsMZiEeurCAwKrrBmuRV4lWgEGQm8jG6OB/7lLWrDY3Vuewk2JHQV73AG1kmtwkHYBSmhQsMKxeYWLWFzu0yHZRiBzpL+gJaS8khS6Zflin6rUPSr/hD0LwnGpEjGOG0VnsJ2zFKJyjIBxtQDP7GNDLTlTGA/H6YGE2A30MW6owokmkY2vLNPN53Spp1Yu6csHarfJzKQxvRk5Dol2Gvz2xuI/3n11Hb2GxlXSWpRsdGiTiqojekgNNrmGpkVPUeAae7+Stk1aGDWRZt3IQS/T/5LLnaqgV8NznaLh0fjOGbJOtkgJRKQPXJITsgpqRFG7sgDeSYv3r336L16b6PWnDeeWSM/4H18Ah+soT4=</latexit>

http://www.marcocirelli.net/PPPC4DMID.html
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Experimental constraints

❖ Relic density : Ωh2 Planck 

❖ Direct detection : 

• Spin independent → XENON1T 

• Spin dependent - neutrons → LUX 

• Spin dependent - protons → PICO 60 

❖ Indirect detection : 

• Precomputed limits for DM DM → SM SM  

• On the fly computation with the γ spectra → Fermi-LAT likelihood

The module can be loaded independently of MadDM and the 
user can update or add limits
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Fermi-LAT likelihoods

❖ Non-observation of γ-rays from dSphs sets strong contraints 

❖ Fermi collaboration made available likelihood profiles 

❖ Chose 6 dSphs with higher J-factor as reference

J-Factor
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Fermi-LAT likelihoods

J-Factor
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Example of the MadDM screen output
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Example of the MadDM screen output

Theory predictions Limits stored in Exp. class

Calculated on the fly with Pythia8/PPPC4DMID
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Example of the MadDM screen output

Theory predictions Limits stored in Exp. class

Calculated on the fly with Pythia8/PPPC4DMID
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Example of application : internal bremsstrahlung

We consider a simplified t-channel model F3-S0-q

• χ : real scalar DM  
• Ψ : vector like fermion mediator, color triplet

❖ Restrict ourselves to interaction involving only right-handed quarks 
❖ Minimal Flavour Violation → parameter space is {m, M, y}.  
❖ Stability of DM → m < M

This and other t-channel models have been implemented with FeynRules and will be 
released to the public in the near future. 

UFO model → MadDM
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Helicity suppression lift

d-wave suppressed �v / v4
<latexit sha1_base64="DmXQztx37d5GNbKroo+SWf4m7Bo=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPQi8cIZoHMGHo6naRJb3T3BOIQ/BUvHhTx6n9482/sJHPQxAcFj/eqqKqXKEaNDYJvb2V1bX1js7BV3N7Z3dv3Dw4bRqYakzqWTOpWggxhVJC6pZaRltIE8YSRZjK8mfrNEdGGSnFvx4rEHPUF7VGMrJM6/nFkaJ8jOIKR0lJZCUcPlY5fCsrBDHCZhDkpgRy1jv8VdSVOOREWM2RMOwyUjTOkLcWMTIpRaohCeIj6pO2oQJyYOJtdP4FnTunCntSuhIUz9fdEhrgxY564To7swCx6U/E/r53a3lWcUaFSSwSeL+qlDLonp1HALtUEWzZ2BGFN3a0QD5BG2LrAii6EcPHlZdK4KIdBObyrlKrXeRwFcAJOwTkIwSWogltQA3WAwSN4Bq/gzXvyXrx372PeuuLlM0fgD7zPH7xglL4=</latexit><latexit sha1_base64="DmXQztx37d5GNbKroo+SWf4m7Bo=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPQi8cIZoHMGHo6naRJb3T3BOIQ/BUvHhTx6n9482/sJHPQxAcFj/eqqKqXKEaNDYJvb2V1bX1js7BV3N7Z3dv3Dw4bRqYakzqWTOpWggxhVJC6pZaRltIE8YSRZjK8mfrNEdGGSnFvx4rEHPUF7VGMrJM6/nFkaJ8jOIKR0lJZCUcPlY5fCsrBDHCZhDkpgRy1jv8VdSVOOREWM2RMOwyUjTOkLcWMTIpRaohCeIj6pO2oQJyYOJtdP4FnTunCntSuhIUz9fdEhrgxY564To7swCx6U/E/r53a3lWcUaFSSwSeL+qlDLonp1HALtUEWzZ2BGFN3a0QD5BG2LrAii6EcPHlZdK4KIdBObyrlKrXeRwFcAJOwTkIwSWogltQA3WAwSN4Bq/gzXvyXrx372PeuuLlM0fgD7zPH7xglL4=</latexit><latexit sha1_base64="DmXQztx37d5GNbKroo+SWf4m7Bo=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPQi8cIZoHMGHo6naRJb3T3BOIQ/BUvHhTx6n9482/sJHPQxAcFj/eqqKqXKEaNDYJvb2V1bX1js7BV3N7Z3dv3Dw4bRqYakzqWTOpWggxhVJC6pZaRltIE8YSRZjK8mfrNEdGGSnFvx4rEHPUF7VGMrJM6/nFkaJ8jOIKR0lJZCUcPlY5fCsrBDHCZhDkpgRy1jv8VdSVOOREWM2RMOwyUjTOkLcWMTIpRaohCeIj6pO2oQJyYOJtdP4FnTunCntSuhIUz9fdEhrgxY564To7swCx6U/E/r53a3lWcUaFSSwSeL+qlDLonp1HALtUEWzZ2BGFN3a0QD5BG2LrAii6EcPHlZdK4KIdBObyrlKrXeRwFcAJOwTkIwSWogltQA3WAwSN4Bq/gzXvyXrx372PeuuLlM0fgD7zPH7xglL4=</latexit><latexit sha1_base64="DmXQztx37d5GNbKroo+SWf4m7Bo=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPQi8cIZoHMGHo6naRJb3T3BOIQ/BUvHhTx6n9482/sJHPQxAcFj/eqqKqXKEaNDYJvb2V1bX1js7BV3N7Z3dv3Dw4bRqYakzqWTOpWggxhVJC6pZaRltIE8YSRZjK8mfrNEdGGSnFvx4rEHPUF7VGMrJM6/nFkaJ8jOIKR0lJZCUcPlY5fCsrBDHCZhDkpgRy1jv8VdSVOOREWM2RMOwyUjTOkLcWMTIpRaohCeIj6pO2oQJyYOJtdP4FnTunCntSuhIUz9fdEhrgxY564To7swCx6U/E/r53a3lWcUaFSSwSeL+qlDLonp1HALtUEWzZ2BGFN3a0QD5BG2LrAii6EcPHlZdK4KIdBObyrlKrXeRwFcAJOwTkIwSWogltQA3WAwSN4Bq/gzXvyXrx372PeuuLlM0fgD7zPH7xglL4=</latexit>
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<latexit sha1_base64="le2dWqRCzboI1s4Uy8f8Um/6MAM="></latexit><latexit sha1_base64="le2dWqRCzboI1s4Uy8f8Um/6MAM="></latexit><latexit sha1_base64="le2dWqRCzboI1s4Uy8f8Um/6MAM="></latexit><latexit sha1_base64="le2dWqRCzboI1s4Uy8f8Um/6MAM="></latexit>

arXiv: 1307.6480 Giacchino et al. 
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Helicity suppression lift

d-wave suppressed �v / v4
<latexit sha1_base64="DmXQztx37d5GNbKroo+SWf4m7Bo=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPQi8cIZoHMGHo6naRJb3T3BOIQ/BUvHhTx6n9482/sJHPQxAcFj/eqqKqXKEaNDYJvb2V1bX1js7BV3N7Z3dv3Dw4bRqYakzqWTOpWggxhVJC6pZaRltIE8YSRZjK8mfrNEdGGSnFvx4rEHPUF7VGMrJM6/nFkaJ8jOIKR0lJZCUcPlY5fCsrBDHCZhDkpgRy1jv8VdSVOOREWM2RMOwyUjTOkLcWMTIpRaohCeIj6pO2oQJyYOJtdP4FnTunCntSuhIUz9fdEhrgxY564To7swCx6U/E/r53a3lWcUaFSSwSeL+qlDLonp1HALtUEWzZ2BGFN3a0QD5BG2LrAii6EcPHlZdK4KIdBObyrlKrXeRwFcAJOwTkIwSWogltQA3WAwSN4Bq/gzXvyXrx372PeuuLlM0fgD7zPH7xglL4=</latexit><latexit sha1_base64="DmXQztx37d5GNbKroo+SWf4m7Bo=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPQi8cIZoHMGHo6naRJb3T3BOIQ/BUvHhTx6n9482/sJHPQxAcFj/eqqKqXKEaNDYJvb2V1bX1js7BV3N7Z3dv3Dw4bRqYakzqWTOpWggxhVJC6pZaRltIE8YSRZjK8mfrNEdGGSnFvx4rEHPUF7VGMrJM6/nFkaJ8jOIKR0lJZCUcPlY5fCsrBDHCZhDkpgRy1jv8VdSVOOREWM2RMOwyUjTOkLcWMTIpRaohCeIj6pO2oQJyYOJtdP4FnTunCntSuhIUz9fdEhrgxY564To7swCx6U/E/r53a3lWcUaFSSwSeL+qlDLonp1HALtUEWzZ2BGFN3a0QD5BG2LrAii6EcPHlZdK4KIdBObyrlKrXeRwFcAJOwTkIwSWogltQA3WAwSN4Bq/gzXvyXrx372PeuuLlM0fgD7zPH7xglL4=</latexit><latexit sha1_base64="DmXQztx37d5GNbKroo+SWf4m7Bo=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPQi8cIZoHMGHo6naRJb3T3BOIQ/BUvHhTx6n9482/sJHPQxAcFj/eqqKqXKEaNDYJvb2V1bX1js7BV3N7Z3dv3Dw4bRqYakzqWTOpWggxhVJC6pZaRltIE8YSRZjK8mfrNEdGGSnFvx4rEHPUF7VGMrJM6/nFkaJ8jOIKR0lJZCUcPlY5fCsrBDHCZhDkpgRy1jv8VdSVOOREWM2RMOwyUjTOkLcWMTIpRaohCeIj6pO2oQJyYOJtdP4FnTunCntSuhIUz9fdEhrgxY564To7swCx6U/E/r53a3lWcUaFSSwSeL+qlDLonp1HALtUEWzZ2BGFN3a0QD5BG2LrAii6EcPHlZdK4KIdBObyrlKrXeRwFcAJOwTkIwSWogltQA3WAwSN4Bq/gzXvyXrx372PeuuLlM0fgD7zPH7xglL4=</latexit><latexit sha1_base64="DmXQztx37d5GNbKroo+SWf4m7Bo=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4CjMS0GPQi8cIZoHMGHo6naRJb3T3BOIQ/BUvHhTx6n9482/sJHPQxAcFj/eqqKqXKEaNDYJvb2V1bX1js7BV3N7Z3dv3Dw4bRqYakzqWTOpWggxhVJC6pZaRltIE8YSRZjK8mfrNEdGGSnFvx4rEHPUF7VGMrJM6/nFkaJ8jOIKR0lJZCUcPlY5fCsrBDHCZhDkpgRy1jv8VdSVOOREWM2RMOwyUjTOkLcWMTIpRaohCeIj6pO2oQJyYOJtdP4FnTunCntSuhIUz9fdEhrgxY564To7swCx6U/E/r53a3lWcUaFSSwSeL+qlDLonp1HALtUEWzZ2BGFN3a0QD5BG2LrAii6EcPHlZdK4KIdBObyrlKrXeRwFcAJOwTkIwSWogltQA3WAwSN4Bq/gzXvyXrx372PeuuLlM0fgD7zPH7xglL4=</latexit>

Helicity suppression lifted, cross-section enhancement

 

�

�

q

q̄

<latexit sha1_base64="le2dWqRCzboI1s4Uy8f8Um/6MAM="></latexit><latexit sha1_base64="le2dWqRCzboI1s4Uy8f8Um/6MAM="></latexit><latexit sha1_base64="le2dWqRCzboI1s4Uy8f8Um/6MAM="></latexit><latexit sha1_base64="le2dWqRCzboI1s4Uy8f8Um/6MAM="></latexit>

 

 

�

�

q

q̄

�

<latexit sha1_base64="tKqzD0tSgSvdBphP9BNbwnWPjog="></latexit><latexit sha1_base64="tKqzD0tSgSvdBphP9BNbwnWPjog="></latexit><latexit sha1_base64="tKqzD0tSgSvdBphP9BNbwnWPjog="></latexit><latexit sha1_base64="tKqzD0tSgSvdBphP9BNbwnWPjog="></latexit>

 

�

�

q

q̄

�

<latexit sha1_base64="XC6ijtixF6uVksKfhYlZOrPzDn8="></latexit><latexit sha1_base64="XC6ijtixF6uVksKfhYlZOrPzDn8="></latexit><latexit sha1_base64="XC6ijtixF6uVksKfhYlZOrPzDn8="></latexit><latexit sha1_base64="XC6ijtixF6uVksKfhYlZOrPzDn8="></latexit>

 

�

�

q

q̄

�

<latexit sha1_base64="t5uUhrxpVXd5aXVaN1X22ka3Nt4="></latexit><latexit sha1_base64="t5uUhrxpVXd5aXVaN1X22ka3Nt4="></latexit><latexit sha1_base64="t5uUhrxpVXd5aXVaN1X22ka3Nt4="></latexit><latexit sha1_base64="t5uUhrxpVXd5aXVaN1X22ka3Nt4="></latexit>

arXiv: 1307.6480 Giacchino et al. 
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Generation of the events

In order to generate the events and study the spectra of such model, one can 
simply give the following commands

The events studied both at the parton level (MadAnalysis) and hadron level

Generation

Parameter setting



Luca Mantani

!16

MadDM spectra

Comparison between MadDM and analytical computation 

MadDM v.3.0 arXiv: 1307.6480 Giacchino et al. 

m=100 GeV

r = M/m
<latexit sha1_base64="74rmXauyyFMggCs/w3Ons/q3prI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJFqGDaQhvKZrtpl+5uwu5GKKG/wYsHRbz6g7z5b9y0OWjrg4HHezPMzAsTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D1o6ThWhPol5rDoh1pQzSX3DDKedRFEsQk7b4fg299tPVGkWy0czSWgg8FCyiBFsrOSr6/sz0a/W3Lo7A1omXkFqUKDZr371BjFJBZWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LJRZUB9ns2Ck6scoARbGyJQ2aqb8nMiy0nojQdgpsRnrRy8X/vG5qoqsgYzJJDZVkvihKOTIxyj9HA6YoMXxiCSaK2VsRGWGFibH5VGwI3uLLy6R1XvfcuvdwUWvcFHGU4QiO4RQ8uIQG3EETfCDA4Ble4c2Rzovz7nzMW0tOMXMIf+B8/gAxyo5E</latexit><latexit sha1_base64="74rmXauyyFMggCs/w3Ons/q3prI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJFqGDaQhvKZrtpl+5uwu5GKKG/wYsHRbz6g7z5b9y0OWjrg4HHezPMzAsTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D1o6ThWhPol5rDoh1pQzSX3DDKedRFEsQk7b4fg299tPVGkWy0czSWgg8FCyiBFsrOSr6/sz0a/W3Lo7A1omXkFqUKDZr371BjFJBZWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LJRZUB9ns2Ck6scoARbGyJQ2aqb8nMiy0nojQdgpsRnrRy8X/vG5qoqsgYzJJDZVkvihKOTIxyj9HA6YoMXxiCSaK2VsRGWGFibH5VGwI3uLLy6R1XvfcuvdwUWvcFHGU4QiO4RQ8uIQG3EETfCDA4Ble4c2Rzovz7nzMW0tOMXMIf+B8/gAxyo5E</latexit><latexit sha1_base64="74rmXauyyFMggCs/w3Ons/q3prI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJFqGDaQhvKZrtpl+5uwu5GKKG/wYsHRbz6g7z5b9y0OWjrg4HHezPMzAsTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D1o6ThWhPol5rDoh1pQzSX3DDKedRFEsQk7b4fg299tPVGkWy0czSWgg8FCyiBFsrOSr6/sz0a/W3Lo7A1omXkFqUKDZr371BjFJBZWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LJRZUB9ns2Ck6scoARbGyJQ2aqb8nMiy0nojQdgpsRnrRy8X/vG5qoqsgYzJJDZVkvihKOTIxyj9HA6YoMXxiCSaK2VsRGWGFibH5VGwI3uLLy6R1XvfcuvdwUWvcFHGU4QiO4RQ8uIQG3EETfCDA4Ble4c2Rzovz7nzMW0tOMXMIf+B8/gAxyo5E</latexit><latexit sha1_base64="74rmXauyyFMggCs/w3Ons/q3prI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJFqGDaQhvKZrtpl+5uwu5GKKG/wYsHRbz6g7z5b9y0OWjrg4HHezPMzAsTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D1o6ThWhPol5rDoh1pQzSX3DDKedRFEsQk7b4fg299tPVGkWy0czSWgg8FCyiBFsrOSr6/sz0a/W3Lo7A1omXkFqUKDZr371BjFJBZWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LJRZUB9ns2Ck6scoARbGyJQ2aqb8nMiy0nojQdgpsRnrRy8X/vG5qoqsgYzJJDZVkvihKOTIxyj9HA6YoMXxiCSaK2VsRGWGFibH5VGwI3uLLy6R1XvfcuvdwUWvcFHGU4QiO4RQ8uIQG3EETfCDA4Ble4c2Rzovz7nzMW0tOMXMIf+B8/gAxyo5E</latexit>

Validation OK
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MadDM spectra

Pythia8

m=100 GeV

r = M/m
<latexit sha1_base64="74rmXauyyFMggCs/w3Ons/q3prI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJFqGDaQhvKZrtpl+5uwu5GKKG/wYsHRbz6g7z5b9y0OWjrg4HHezPMzAsTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D1o6ThWhPol5rDoh1pQzSX3DDKedRFEsQk7b4fg299tPVGkWy0czSWgg8FCyiBFsrOSr6/sz0a/W3Lo7A1omXkFqUKDZr371BjFJBZWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LJRZUB9ns2Ck6scoARbGyJQ2aqb8nMiy0nojQdgpsRnrRy8X/vG5qoqsgYzJJDZVkvihKOTIxyj9HA6YoMXxiCSaK2VsRGWGFibH5VGwI3uLLy6R1XvfcuvdwUWvcFHGU4QiO4RQ8uIQG3EETfCDA4Ble4c2Rzovz7nzMW0tOMXMIf+B8/gAxyo5E</latexit><latexit sha1_base64="74rmXauyyFMggCs/w3Ons/q3prI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJFqGDaQhvKZrtpl+5uwu5GKKG/wYsHRbz6g7z5b9y0OWjrg4HHezPMzAsTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D1o6ThWhPol5rDoh1pQzSX3DDKedRFEsQk7b4fg299tPVGkWy0czSWgg8FCyiBFsrOSr6/sz0a/W3Lo7A1omXkFqUKDZr371BjFJBZWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LJRZUB9ns2Ck6scoARbGyJQ2aqb8nMiy0nojQdgpsRnrRy8X/vG5qoqsgYzJJDZVkvihKOTIxyj9HA6YoMXxiCSaK2VsRGWGFibH5VGwI3uLLy6R1XvfcuvdwUWvcFHGU4QiO4RQ8uIQG3EETfCDA4Ble4c2Rzovz7nzMW0tOMXMIf+B8/gAxyo5E</latexit><latexit sha1_base64="74rmXauyyFMggCs/w3Ons/q3prI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJFqGDaQhvKZrtpl+5uwu5GKKG/wYsHRbz6g7z5b9y0OWjrg4HHezPMzAsTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D1o6ThWhPol5rDoh1pQzSX3DDKedRFEsQk7b4fg299tPVGkWy0czSWgg8FCyiBFsrOSr6/sz0a/W3Lo7A1omXkFqUKDZr371BjFJBZWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LJRZUB9ns2Ck6scoARbGyJQ2aqb8nMiy0nojQdgpsRnrRy8X/vG5qoqsgYzJJDZVkvihKOTIxyj9HA6YoMXxiCSaK2VsRGWGFibH5VGwI3uLLy6R1XvfcuvdwUWvcFHGU4QiO4RQ8uIQG3EETfCDA4Ble4c2Rzovz7nzMW0tOMXMIf+B8/gAxyo5E</latexit><latexit sha1_base64="74rmXauyyFMggCs/w3Ons/q3prI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0ItQ9OJFqGDaQhvKZrtpl+5uwu5GKKG/wYsHRbz6g7z5b9y0OWjrg4HHezPMzAsTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D1o6ThWhPol5rDoh1pQzSX3DDKedRFEsQk7b4fg299tPVGkWy0czSWgg8FCyiBFsrOSr6/sz0a/W3Lo7A1omXkFqUKDZr371BjFJBZWGcKx113MTE2RYGUY4nVZ6qaYJJmM8pF1LJRZUB9ns2Ck6scoARbGyJQ2aqb8nMiy0nojQdgpsRnrRy8X/vG5qoqsgYzJJDZVkvihKOTIxyj9HA6YoMXxiCSaK2VsRGWGFibH5VGwI3uLLy6R1XvfcuvdwUWvcFHGU4QiO4RQ8uIQG3EETfCDA4Ble4c2Rzovz7nzMW0tOMXMIf+B8/gAxyo5E</latexit>

Parton level spectrum
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Conclusions and outlook

In a nutshell

❖ MadDM v.3.0 is out 

❖ Welcome feedbacks from the users and we call for collaboration 

❖ MadDM has caught up with other tools and has some unique features     

(n-body scattering) 

❖ In future release, improvement on both experimental side (adding further 

experimental likelihoods) and theoretical side (NLO computations, 

Sommerfeld enhancement)
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Conclusions and outlook

In a nutshell

❖ MadDM v.3.0 is out 

❖ Welcome feedbacks from the users and we call for collaboration 

❖ MadDM has caught up with other tools and has some unique features     

(n-body scattering) 

❖ In future release, improvement on both experimental side (adding further 

experimental likelihoods) and theoretical side (NLO computations, 

Sommerfeld enhancement)

Thank you!
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BACKUP SLIDES 
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Comparison between the two methods

Fermi-LAT sensitive to γ in the energy 
range ~ 0.5-500 GeV 
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Single dSphs spectrum


