
A robust determination of satellite 
dwarf galaxy J-factors from DESI 

observations 

Nicole Araneda-Muñoz

In collaboration with Miguel Á. Sánchez-Conde

20th MultiDark Workshop

October 25 – 27, 2023



2

Contents
  · Introduction

 · Satellite dwarf galaxies
 · Goals
 · DESI and dwarf galaxies
 · Jeans equation 
 · Clumpy and Jeans Module
 · Remarks



3

gg
ΛCDM Cosmology

• Ordinary matter ~ 5% 
- Chemical elements       - Atoms      
- Gas                               - Plasma
- Planets                         - Stars, …

•  CDM ~ 26%  
- Non-baryonic      - Cold   
- Dissipationless    - Collisionless

•  Cosmological Constant       ~ 69%
•      - Associated to "Dark Energy"

Credit: ESA
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Structure Formation
•          ΛCDM predicts:
• The existence of a halo of DM 
hosting our galaxy.
→ The small structures are formed, 
and then by accretion and 
merging, the largest ones are 
formed.

• The existence of subhalos
→ A subhalo is a halo within 
another halo.

Hierarchic
al 

Assembly



 Original image by Andrew Z. Colvin [CC BY-SA 3.0], via Wikimedia Commons. 
Adapted version by Gabriel Torrealba and Will Fox. 

• Most massive subhalos in our Galaxy.​

• Highest Mass to light ratios known, > 100
       (M. Roos 2012, arXiv:1208.3662v3).

• Mass: 10⁷ – 10⁹ ​      .

• ~54 confirmed or probable dwarfs orbiting the 
MW (Drlica-Wagner et al. 2020),

      - 37 confirmed
      - 17 probable  
      - 3 are excluded for being more complex systems  
        (LMC, SMC, Segue II).

• Best targets for gamma-ray DM searches.

Satellite Dwarf Galaxies

*Formation and activity are thought 
to be heavily influenced by 

interactions with our Galaxy.​ 5

https://ned.ipac.caltech.edu/level5/March15/Roos/Roos_contents.html
https://ui.adsabs.harvard.edu/abs/2020ApJ...893...47D/abstract
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Goals

• Use spectroscopic data provided by DESI to 
accurately model and infer the density 
profile of dwarf galaxies.

·  Knowing the density profile will allow us to 
subsequently get the J-Factor of those 
objects. 

• This is essential for:

• Providing predictions on the annihilation 
flux.

• Setting limits on the DM with gamma-ray 
observations. 
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DESI: Dark Energy Spectroscopic Instrument

• Main Goals
• Measures: 
• · The spectra of more than 30 million galaxies 
and quasars covering 14,000 square degrees.

  · The dynamical state of the Milky Way halo   
and thick disk in great detail.
  · The effect of dark energy on the  expansion    
of the universe.

• Mounted on the Mayall 4-meter reflector 
Telescope at KPNO.

• Located in the Sonoran Desert, Arizona, USA. 
       Started scientific observations ~ early 2020.

• Deep and wide spectroscopic surveys.
• Observation lifetime ~ 5 years. 

Credit: Desi Project web site

https://www.desi.lbl.gov/%E2%80%8B
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DESI and Dwarfs

• · DESI extends 5000 fibers over a 3.2 
degrees diameter field of view (area of 8 
square degrees). 

• · The fiber positioners can be reconfigured in 
3 to 5 minutes.

• · This design allows the inspection of large sky 
areas at a density of  ~600 targets per square 
degree.

"The distribution of dark matter on small scales, 
including the subhalo mass function and the central 
density profiles of dwarf galaxies, are extremely 
important probes of the nature of dark matter"         
(Zavala & Frenk 2019) . 

The DESI MWS can constrain some properties in the 
MW and Local Group through observations of tidal 
streams and dwarf galaxies.

https://arxiv.org/abs/1907.11775


•  DESI data • DM density profile (CLUMPY)
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Jeans Equations: Set of equations that describe the motion 
of a group of stars in a gravitational field.

We can then link the enclosed mass in radius and moments 
of the stellar distribution: University of Texas N-body Simulation. Governed 

by Jeans equations in a gravitational potential

: Spatial density (spherical 
symmetry) of the light profile.

or: Radial velocity dispersion of baryons 
(e.g. stars in dwarf galaxies).

: Orbital anisotropy of the stellar 
component (depending on the radial and 
tangential velocity dispersion).

: Enclosed mass in a radius r.

From Star Velocities to DM distributions
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Open source code developed by C. Combet, 
M. Hütten and D. Maurin, widely used in the 
DM community.

Calculation of gamma-ray or neutrino 
signals from annihilating and decaying 
astrophysical DM.

Clumpy also allows computing the DM 
density profile from the star velocities 
(Jeans analysis). 

We are in close contact with the developers.

Our Tool: Clumpy

Credit: Clumpy web site

References:

Charbonnier et al. 2012
Bonnivard et al. 2015 

 Hütten et al. 2018

Website: 

http://clumpy.gitlab.io/CLUMPY/

http://clumpy.gitlab.io/CLUMPY/
https://arxiv.org/abs/1201.4728
https://arxiv.org/abs/1506.07628
https://arxiv.org/abs/1806.08639
http://clumpy.gitlab.io/CLUMPY/%E2%80%8B


Clumpy: Jeans Module

•     

• The Jeans equation relates the DM content of an 
object (potential well) to its light content 
(dynamics in the potential).

•  
• We need to provide functional form of: 
•  - DM Density Profile (Zhao, Einasto). 
•  - Surface Brightness Profiles (Plummer, King, 
Sersic).

•  - Anisotropy Profile (constant, Osipkov-Merritt).

• ** 2 to 5 free parameters (normalization, scale 
radius, plus some structural parameters).

11
 Credit: Clumpy web site

http://clumpy.gitlab.io/CLUMPY/
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More robust determination of DESI dwarfs J-Factors
We will derive the density profile from star dispersion velocities. It will allow 
us to compute, 
 
     J-Factor                     Astrophysical factor in the annihilation flux.

Jeans Module

We calculate J-Factor from the integration of the squared DM density 
profile of an object of volume V,

.

.

Uncertainties in the density profile translate into 
larger uncertainties in the J-Factor.
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Ongoing work
• Familiarization with DESI 

and CLUMPY, Dwarfs 
Galaxies literature, etc.

•Next immediate steps: 
• Use CLUMPY Jeans module on 
brand new DESI data from Draco 
and compare with previous 
Draco J-Factors.
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Draco dwarf galaxy

Right 
ascension

17h 20m 12.4s

Declination +57° 54′ 55″
Distance 80 ± 10 kpc
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Remarks
• Dwarf galaxies are the best targets for 

DM annihilation searches at present.

• However, current dwarf J-factor 
determinations are subject to large 
uncertainties.

• This work will use DESI precision 
spectroscopy of dwarfs galaxies to 
derive state-of-the-art density profiles 
and more accurate J-factor values.

• Having more robust J-factor 
determinations will allow us to set 
more robust constraints on the DM 
properties.

Figure 5. Relationship between the distances and spectroscopically 
determined J-factors of known dSphs is derived with three different 
techniques: (left) non-informative priors (Geringer-Sameth et al. 2015a), 
(center) Bayesian hierarchical modeling (Martinez 2015), and (right) allowing 
for more flexible parametrizations of the stellar distribution and orbital 
anisotropy profile (Bonnivard et al. 2015a). 
Credit: A. Albert et al. 2016
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Thank you

DAMASCO research group

https://projects.ift.uam-csic.es/damasco/
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DESI MWS footprint

Cooper et al. 2022


	Diapositiva 1
	Contents
	ΛCDM Cosmology
	Structure Formation
	Diapositiva 5
	Goals
	DESI: Dark Energy Spectroscopic Instrument
	DESI and Dwarfs
	From Star Velocities to DM distributions
	Open source code developed by C. Combet, M. Hütten and D. Mauri
	Clumpy: Jeans Module
	More robust determination of DESI dwarfs J-Factors
	Ongoing work
	Diapositiva 14
	Remarks
	Diapositiva 16
	Diapositiva 17

