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 A Monte-Carlo code for simulating subhalos 
signals for indirect dark matter searches: 

CLUMPY
(on behalf of the CLUMPY team) 

1) γ-rays from DM: brief reminder
2) What is CLUMPY?
3) A few results: focus on subhalos
4) Conclusions

CLUMPY past and present developers
V. Bonnivard, A. Charbonnier, C. Combet,

M. Hütten & E. Nezri

N.B.: Many slides borrowed from M. Hütten and C. Combet!
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1) Intro: from DM to γ-rays



  

1) Intro: best targets?



  

1) Intro: γ-ray flux from local source

N.B.: velocity-dependant annihilations not 
discussed here, not (yet?) in CLUMPY



  

→ Redshifting of the γ-rays/ neutrino energy loss
→ absorption by pair-production with extragalactic background light (EBL)

1) Intro: γ-ray flux from source at redshift z



  

→ Redshifting of the γ-rays/ neutrino energy loss
→ absorption by pair-production with extragalactic background light (EBL)

→ Separation in particle physics/astrophysics term 
breaks down for sources in z range

1) Intro: γ-ray flux from source at redshift z
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2) CLUMPY: public code (https://lpsc.in2p3.fr/clumpy)
Charbonnier et al. (CPC 2012)

Bonnivard et al. (CPC 2016)

Hütten et al. (CPC 2019)

https://lpsc.in2p3.fr/


  

2) CLUMPY: principle
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2) CLUMPY: principle

Do not resolve trillions of subhalos
→ Calculate average signal for most masses

→ Draw subhalos in mass range and distance whose 
contribution fluctuates above user-defined selection



  

2) CLUMPY: principle

Do not resolve trillions of subhalos
→ Calculate average signal for most masses

→ Draw subhalos in mass range and distance whose 
contribution fluctuates above user-defined selection

N.B.: triaxial halos enabled
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→ Draw subhalos in [0, l_crit] only

RE= 5%

→ In each mass decade, draw subhalos
whose fluctuations (above average) > RE



  

2) CLUMPY: principle

Do not resolve trillions of subhalos
→ Calculate average signal for most masses

→ Draw subhalos in mass range and distance whose 
contribution fluctuates above user-defined selection

→ Draw subhalos in [0, l_crit] only

Runs from M. Hütten

RE= 5%

→ In each mass decade, draw subhalos
whose fluctuations (above average) > RE



  

2) CLUMPY: more on average of subhalos



  

2) CLUMPY: boost from sub-subhalos



  

2) CLUMPY: boost from sub-subhalos
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3) Results: dSph and galaxy clusters
Charbonnier et al. (2011), Nezri et al. (2012), Bonnivard et al. (2015a,b,c)

→ dSphs or galaxy clusters?



  

3) Results: dSph and galaxy clusters

dSphs

Charbonnier et al. (2011), Nezri et al. (2012), Bonnivard et al. (2015a,b,c)

… and beware of boost!

What is the best observation strategy?

→ dSphs better targets than galaxy clusters
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3) Results: dSph and galaxy clusters

dSphs

Charbonnier et al. (2011), Nezri et al. (2012), Bonnivard et al. (2015a,b,c)

… and beware of boost!

→ Ranking of best dSphs (Jeans analysis)
→ Benefit of stacking strategy (clusters)

What is the best observation strategy?

→ dSphs better targets than galaxy clusters



  

3) Results: extragalactic
Hütten et al. (2018)

Single 
haloIntensity 

multiplier



  

3) Results: extragalactic
Hütten et al. (2018)

→ Thorough analysis of main uncertainties
(varying critical ingredients)

Single 
haloIntensity 

multiplier



  

3) Results: extragalactic
Hütten et al. (2018)

→ Thorough analysis of main uncertainties
(varying critical ingredients)

→ Large uncertainties from boost

Single 
haloIntensity 

multiplier



  

3) Results: dark halos (1000 realisations)

→ Varying parameter in allowed range

Hütten et al. (2016)



  

3) Results: dark halos (1000 realisations)

→ Varying parameter in allowed range

→ Largest differences: c-M relation

Hütten et al. (2016)



  

3) Results: dark halos (1000 realisations)

→ Varying parameter in allowed range

→ Comparison to other results

→ Probability to observe a “flux” (non-gaussian tail) determines sensitivity
→ In practice, search (e.g., in Fermi-LAT catalog) for unassociated sources 

Hütten et al. (2016)



  

Hütten et al. (2016)

→ Varying parameter in allowed range

→ Comparison to other results → Prospects for CTA + complementary limits to dSphs

→ Probability to observe a “flux” (non-gaussian tail) determines sensitivity
→ In practice, search (e.g., in Fermi-LAT catalog) for unassociated sources 

3) Results: dark halos (1000 realisations)



  

Hütten et al. (2016)

→ Varying parameter in allowed range

3) Results: dark halos (1000 realisations)

→ Angular power spectrum (APS)



  

Hütten et al. (2016)

→ Varying parameter in allowed range

3) Results: dark halos (1000 realisations)

→ Angular power spectrum (APS)

Bonnivard et al. (2016a)



  

Semi-analytical model (Stref et Lavalle 2017)
Phat-ELVIS simulation (Kelley et al. 2019) 

Subhalos disrupted by Milky Way baryonic potential

Hütten et al. (2019)

3) Results: dark halos (1000 realisations)



  

Semi-analytical model (Stref et Lavalle 2017)
Phat-ELVIS simulation (Kelley et al. 2019) 

Subhalos disrupted by Milky Way baryonic potential

Hütten et al. (2019)

3) Results: dark halos (1000 realisations)

→ Strong impact on flux/detectability (and DM constraints)



  

Semi-analytical model (Stref et Lavalle 2017)
Phat-ELVIS simulation (Kelley et al. 2019) 

Subhalos disrupted by Milky Way baryonic potential

Hütten et al. (2019)

3) Results: dark halos (1000 realisations)

→ Strong impact on flux/detectability (and DM constraints)



  

3) Results: dark halos (1000 realisations)
→ Allows to study statistical properties (here of brightest sub-halos)



  

3) Results: dark halos (1000 realisations)
→ Allows to study statistical properties (here of brightest sub-halos)

→ Useful to test detectability by Fermi-LAT (e.g., Di Mauro, Stref & Calore 2020)
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Conclusions

Status of CLUMPY

● 3 public releases (on git, full documentation)
● From dark clumps to extragalactic

→ Impact of tidal disruption implemented for dark halos in v3.1 (released last year)

● Growing use in community 
→ Used in DM analyses by Antares, Fermi-LAT, CTA, HAWC

Desired developments

1) Synthetic skymaps for extragalactic: average + nearby known/relevant (as for dark clumps)
→ 1-point statistics, direct calculation of higher-order statistics, full skymap simulation

2) Include calculation of generalised J-factors (velocity-dependent cross-sections)
→ Stay tune for Lacroix et al. (see M. Stref’s talk)... that would be nice to implement in CLUMPY

3) More exotic or more technical issues
→ Python interface, simple parallelisation, etc.

Unfortunately, workforce of the CLUMPY team asymptotically goes to N < 1 with time!
(contact us if you are interested: clumpy@lpsc.in2p3.fr)

mailto:clumpy@lpsc.in2p3.fr
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