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Where to look?

Aquarius simulation – Springel et al. (2008)

Indirect detection in γ-rays and ν 



  

The gamma or neutrino flux in given by:

Particle physics 
m 

WIMP
~ 10 GeV – 100 TeV

Astrophysics

IceCube collaboration (2015)

Detection or non-detection

J value and uncertainty must be 
well-known to put constraints on 

DM candidate

Signal depends crucially on 
DM distribution 

(smooth + substructures)

Indirect detection in γ-rays and ν 
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DSph → boost ~1 – 2 

Galaxy cluster → boost ~ 10 – 100 



  

CLUMPY – v1.0 →  v2.0 

Reconstructing DM profile of dSph – Jeans module



  

CLUMPY v1.0 (2012) 

Tool to compute J/D in a variety of configurations, properly taking into account 
substructures

● J-factors of individual objects (e.g. dSph galaxies) from pre-defined DM profiles
● Propagate error bars from DM profiles to J-factors and limits on DM 
● Fast J-factors skymaps (simulate N-body simulations end-product)
● C/C++, ROOT, pop-up graphics 

Charbonnier et al. (2011), Nezri et al. (2012), Combet et al. (2012), Maurin et al. (2012)



  

● Triaxiality – simulations and observations 
show that DM haloes are triaxial

CLUMPY v2.0 (2015) – new features

Despali et al (2013)
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CLUMPY v2.0 (2015) – new features

● Triaxiality – simulations and observations 
show that DM haloes are triaxial

● Gamma and neutrino spectra computed from
PPPC4DMID [Cirelli et al. (2010)]
→ differential flux or integrated flux over given 
energy range
→ user-defined branching ratios

● Multi-level boost (clumps within clumps...)
→ no need to go further than 2 levels

Spherical
E = 4 GeV
m=200GeV

bb

Triaxial
E = 4 GeV
m=200GeV

bb



  

Triaxial
E = 4 GeV

CLUMPY v2.0 (2015) – new features

● Triaxiality – simulations and observations 
show that DM haloes are triaxial

● Gamma and neutrino spectra computed from
PPPC4DMID [Cirelli et al. (2010)]
→ differential flux or integrated flux over given 
energy range
→ user-defined branching ratios

● Multi-level boost (clumps within clumps...)
→ no need to go further than 2 levels

● Improved outputs:
→ HEALPix pixelisation scheme for maps
→ ROOT ouputs/pop-up graphics (as v1.0)
→ FITS files (standard astro format)
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CLUMPY v2.0 (2015) – new features

● Triaxiality – simulations and observations 
show that DM haloes are triaxial

● Gamma and neutrino spectra computed from
PPPC4DMID [Cirelli et al. (2010)]
→ differential flux or integrated flux over given 
energy range
→ user-defined branching ratios

● Multi-level boost (clumps within clumps...)
→ no need to go further than 2 levels

● Improved outputs:
→ HEALPix pixelisation scheme for maps
→ ROOT ouputs/pop-up graphics (as v1.0)
→ FITS files (standard astro format)

● HEALPix-related capabilities
→ Smoothing by any Gaussian beam
→ Angular power spectrum computation

Spherical
E = 4 GeV
m=200GeV

bb



  

All controlled from clumpy_params.txt 



  

All controlled from clumpy_params.txt 



  

...and command line interface
https://lpsc.in2p3.fr/clumpy/

https://lpsc.in2p3.fr/clumpy/


  

CLUMPY – v1.0 → v2.0 

Reconstructing DM profile of dSph – Jeans module



  

● Light profile and velocity dispersion
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From stellar kinematics to DM profile



  

CLUMPY v1.0

Someone else recovers DM profile from dSph 
kinematic data (Jeans analysis, Chi2 or 

MCMC)

→ Best fit profile or chains of DM profile 
parameters

Dsph galaxy analysis



  

Dsph galaxy analysis

CLUMPY v1.0

Someone else recovers DM profile from dSph 
kinematic data (Jeans analysis, Chi2 or 

MCMC)

→ Best fit profile or chains of DM profile 
parameters

New instruments → a lot more MW's 
satellite galaxies discovered

[Some of them, like Ret2, close to us and 
very interesting for DM indirect detection]

→ extend CLUMPY to reconstruct DM 
profile from dSph kinematic data in:
● a fast and efficient way
● a more flexibe way
● a more controlled way

From A. Geringer-Sameth



  

CLUMPY v2.0

Dsph galaxy analysis

Bonnivard et al. 2015 (ApJL 808, 36 + MNRAS 453, 849) 

Putze & Derome (2014)

Extensively validated on 
simulated data (Bonnivard 
et al., MNRAS 446, 3002) 



  

Conclusions

CLUMPY v2.0 is available!

● User-friendly, fully documented using Doxygen, lots of examples and tests to run

● Fast computation of 

- Annihilation or decays astrophysical factors using any DM profile

- Accurate boost from substructures

- Integrated or differential fluxes in gamma-rays and neutrinos, using user-defined 
branching ratios

● 2 modes of operation

→ List of objects (dSph galaxies, galaxy clusters)

→ Skymap mode – fast generation of partial or fullsky maps, with clumps drawn to comply 
with user-defined mass and spatial distributions. [Triaxiality, HEALPix, power spectrum]

 

● New Jeans module → full analysis, from kinematic data to J-factors for dSph

https://lpsc.in2p3.fr/clumpy/index.html

https://lpsc.in2p3.fr/clumpy/index.html


  



  

Multi-level boost



  

Systematics in the Jeans analysis

Haloes are triaxial

Despali et al (2013)

x-y y-z

x-z

Test: use 
simulated 

triaxial halo with 
Jeans analysis 

Assuming spherical symmetry has a significant 
impact on the J-value reconstruction

Preliminary results on triaxiality

Simulated data provided by W. Dehnen 
and M. Wilkinson (Univ. of Leicester)

Triaxial halo (abc=1): b/a=0.8, c/a=0.6
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J
tot

, substructures, and boost factorJ
tot

, substructures, and boost factorJ
tot

, substructures, and boost factor

[boost signal][up to 20% of J
tot 

in some config.]

[exact realisation (mass and position) of DM distribution unknown]

Average description using 
mass and spatial 

distribution from simulations 
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