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Particle 
physics Astrophysics

J ≡

       Detection or non-detection
    → Need Φastro to put any constraints on DM candidate

WIMP

  Weakly Interacting 
Massive Particles

Gamma-ray flux from DM annihilation

The γ -ray flux is given by 



  

Particle 
physics Astrophysics

       Detection or non-detection
    → Need Φastro to put any constraints on DM candidate

  Weakly Interacting 
Massive Particles

Gamma-ray flux from DM decay

The γ -ray flux is given by 



  

Why a CLUMPY code ? 

N-body simulations have limitations:

● No baryons (rapidly changing)
● 'Poor' mass resolution
● Computational requirements + speed
● Each provides one answer and they do not (always) agree

→ But they are so far what we have best as 'global' DM density estimators

Observations of galaxy, dSph galaxies and/or galaxy clusters:

● Stellar dynamics, weak lensing → start to have data-driven DM profiles
● They do not agree (nor disagree) with simulations (huge uncertainties)

Want a code that calculates Φastro and/or generates synthetic skymaps

→ Quickly
→ For any set of DM distribution parameters (smooth + clumps)
→ For any type of DM halo (MW or 'external' halo)

+ User-friendliness, modularity
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CLUMPY - Overview

● C/C++, interfaced with ROOT CERN library (+ pop-up graphics)

● Extensively documented, using Doxygen

● Documentation + Download : http://lpsc.in2p3.fr/clumpy



  

3 main options - illustration

clumpy -gX clumpy -hX clumpy -sX

1743 galaxy clusters from
MCXC cataloguee.g., J-sky from user Galactic

parameters

Statistics for Draco dSph DM profile

arXiV:1104.0412ArXiv:1203.1165



  

3 main options - illustration

And sub-options...



  

CLUMPY's libraries

All extensively described in the Documentation...



  

geometry.h

Contains all the changes of coordinates plus useful geometrical calculations



  

integr_los.h

Based on adaptative log-step 
Simpson integration

(user-defined precision)



  

DM profiles

Generic (Zhao) profile

Einasto profile

Density profiles derived from simulations

where



  

~ 100 clumps between          and  

Clump description

Clumps (DM substructures in the Galactic halo) are defined by:

● An inner DM profile (any from profiles.h)
● A spatial distribution
● A mass distribution

N-body simulations (e.g. Aquarius) give :

10

~           clumps if

Any of the previous profiles



  

Number of clumps to draw

> ./bin/clumpy -g7 clumpy_params.txt 180. 0. 2. 2. 5

direction map sizeSkymap
option User-defined

Tolerance [%]

Draw the minimum number of clumps, given user's precision requirement



  

CLUMPY's parameters

● 1 main file: clumpy_params.txt

● 1 list of objects if clumpy -h is chosen: list_generic.txt  



  

CLUMPY's parameters

clu
m

py
 -h

clu
m

py
 -h

clu
m

py
 -g

Total Galactic
density profile

Clump inner 
density profile

Clump mass and 
spatial distrib.

Calibration on 
N-body sims

gLIST_HALOES                   data/list_generic.txt

Common clump 
param for 

external haloes
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DSph galaxy map

J for a Dsph: 2° x 2°
[core profile + NFW/B01 subclumps]
[d=100 kpc, no galactic background]

http://lpsc.in2p3.fr/clumpy/clumpy_8cc.html#clumpy_examples

Plenty of examples:

http://lpsc.in2p3.fr/clumpy/clumpy_8cc.html#clumpy_examples
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