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What is the actual distribution of DM in the MW?  
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Why it is important?
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Tollet et al 2016
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RC analysis (Benito et al 2017)

MW

� = �d ln ⇢DM

d lnR

�����
R!0

Cusp: γ ~ -1

Core: γ ~ 0

Inner slope  
DM density  = 
profile

Correlation between inner slope and star formation efficiency (e.g. DiCintio + [1306.0898] 
Tollet + [1507.03590] 

Macciò + [1707.01106])
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low star-formation  
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� = �d ln ⇢DM

d lnR

�����
R!0

Cusp: γ ~ -1

Core: γ ~ 0

Inner slope  
DM density  = 
profile

The precise effect of baryonic feedback processes on the  
distribution of DM is unknown

Why it is important?

A “universal”  
DM profile?  
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Direct/Indirect WIMP searches

Why it is important?

Flux due to DM self-annihilation:

�
DM

⇠ �
PP

Z

l.o.s
dl ⇢2DM

Dependence on astrophysics

Indirect

DM

DM SM

SM

Recoil spectrum for DM-nucleus interaction:

Dependence on astrophysics

Direct

Simplified version

DMDM

SM SM

Bozorgnia & Bertone  
[1705.05853]

Evans + [1810.11468] 

Impact of velocity  
distribution function:
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Synthetic γ-ray intensity map from DM annihilation 
(created with CLUMPY)

Credit: M. Hütten

Targets for indirect WIMP searches: our Galaxy

�
DM

⇠ �
PP

Z

l.o.s
dl ⇢2DM

DM

DM SM

SM

María BenitoNext Frontiers Search DM, 23/09/2019



↵ = 1

⇢
o

= 0.4GeV/cm3

r
s

= 20 kpc

baryons 
only

Quantify uncertainties on the reconstructed DM density profile of the 
MW

Rotation Curve method

How? 

Goal: 
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Face-on (upper) and side-on (lower) 
projection of the 3D 
density of the MW bulge

Assumptions: 

‣  Rotationally supported 

‣  Objects move in circular 
orbits around the GC 

‣  The gravitational potential is 
axisymmetric

Rotation Curve method

How to determine DM density profile? 

Portail + 
[1608.07954]
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Face-on (upper) and side-on (lower) 
projection of the 3D 
density of the MW bulge

Assumptions: 

‣  Rotationally supported 

‣  Objects move in circular 
orbits around the GC 

‣  The gravitational potential is 
axisymmetric

Rotation Curve method

How to determine DM density profile? 

Only applies for R > 2.5 kpc

Portail + 
[1608.07954]
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Rotation Curve method

How to determine DM density profile? 

Observed RC:
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Galactic parameters:

One source of  
uncertainties!

Pato & Iocco [1703.00020]
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Luminous component of the Milky Way 

Credit: M. Pato

⇢bulge(x, y, z)

⇢disc(r, z)

⇢gas(x, y, z)

�bulge(x, y, z)

�disc(r, z)

�gas(x, y, z)

v2(r) =
X

i

v2i (r)

v2i (r) = r
d�i

dr

see e.g. Iocco + [1502.03821]
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Bulge distribution:

⇢b(x, y, z) = ⇢̄bf(x, y, z)

Referencex0:y0:z0
Bar angle  

[o]
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Vanhollebeke +, [0903.0946]
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Stellar disc distribution:

⇢d(r, z) = ⇢̄df(r, z)

Han & Gould, ApJ’03   

Juric +, ApJ’08   

De Jong +, ApJ’10 

Calchi Novati & Mancini, 
MNRAS’11 

Bovy & Rix, ApJ’13 
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Uncertainties

Gas distribution:

⇢g(x, y, z) = ⇢H2(x, y, z) + ⇢HI(x, y, z) + ⇢HII(x, y, z)

XCO(r > 3 kpc) = (5.0± 2.5)⇥ 1019 cm�2K�1km�1s

XCO(r < 3 kpc) = (1.9± 1.4)⇥ 1020 cm�2K�1km�1s

CO-to-H2 factor: 

Reference

Ferrière, ApJ’98  

Ferrière + [astro-ph/
0702532]   

H2 
HI 
HII 

H2 
HI 
HII 

molecular ring 
cold, warm 
warm, hot 

CMZ, disc 
CMZ, disc 

warm, hot, very hot 

r = 3 � 20 kpc

r = 0.01 � 3 kpc

RangeComponents

Ferriere + [astro-ph/0702532]
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⇢bulge(x, y, z)

⇢disc(r, z)

⇢gas(x, y, z)

�bulge(x, y, z)

�disc(r, z)

�gas(x, y, z)

v2(r) =
X

i

v2i (r)

v2i (r) = r
d�i

dr

Sources of uncertainties: 
• Actual shape of baryons • Normalisation of baryons
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gNFW density profile

⇢DM (r) = ⇢0
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Three free parameters: γ, Rs, ρ0
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Rotation Curve method

How to determine DM density profile? 
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2) RC for the luminous component
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Extracting the DM density structure

Pato + [1504.06324]

⇢DM (r) = ⇢0
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Problem: 
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But do Galactic uncertainties affect PP, for real?

https://arxiv.org/abs/1503.02641


But do Galactic uncertainties affect PP, for real?
A simple case: Singlet Scalar DM

V = µ2
H |H|2 + �H |H|4 + µ2

sS
2 + �SS

4 + �HS |H|2S2
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Mc Donald [arXiv:hep-ph/0702143]
Burgess, Pospelov & Velthuis [hep-ph/0011335]

Constraints and interplay of experiments  



Effect of Galactic astrophysical uncertainties
Direct detection constraints
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Effect of Galactic astrophysical uncertainties
Indirect detection constraints

MB + [1612.02010]  
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Include astrophysical uncertainties in your own analysis

Ready-to-use likelihood publicly available @  

https://github.com/mariabenitocst/UncertaintiesDMinTheMW
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3) gNFW density profile

⇢DM (r) = ⇢0
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Three free parameters: γ, Rs, ρ0
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Rotation Curve method

How to determine DM density profile? 

1) Observed RC

2) RC for the luminous component
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Parameters of our analysis

Rotation Curve method

How to reconstruct DM density profile? 

Mi 30 baryonic morphologies 

DM parameters⇢0

Rs

�

1

2

3

4

No.
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Parameters of our analysis

Rotation Curve method

How to reconstruct DM density profile? 

Mi 30 baryonic morphologies 

DM parameters⇢0
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R0 Sun’s galactocentric distance5
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Parameters of our analysis

Rotation Curve method

How to reconstruct DM density profile? 

⌃⇤

h⌧i

Mi 30 baryonic morphologies 

baryonic normalisation

DM parameters⇢0
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R0 Sun’s galactocentric distance5
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No.
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Scan the 7D parameter space to obtain the Likelihood profile
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X
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�2

�2
h⌧iobs

+

�
⌃⇤ � ⌃obs

⇤
�2
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7D parameter space: Mi, �, Rs, ⇢0, R0, ⌃⇤, h⌧i

Normalisation disc

Bovy & Rix 2013 
[1309.0809]

Normalisation bulge

Popowski + 2005 
[astrop-ph/0410319]

h⌧iobs = 2.17+0.47

�0.38

⇥ 10�6 (`, b) = (1.50o,�2.68o) ⌃obs

⇤ = 38± 4M�pc
�2
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Scan the 7D parameter space to obtain the Likelihood profile
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7D parameter space: Mi, �, Rs, ⇢0, R0, ⌃⇤, h⌧i

Publicly  
available!
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RC analysis PriorsGCE analysis
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 DM annihilation channelbb̄

Example: Galactic Center excess

Calore analysis: 
observed GC signal  
(only stat. on gamma flux)  

This analysis: 
observed GC signal 

+ 
DM density profile 

(Gal. Param. + Morphologies + stat.) 
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Take away point

Astrophysical uncertainties in the distribution of DM are  

relevant on determining new physics and 

important to be taken into account when claiming tension between 
experimental results. 

María BenitoNext Frontiers Search DM, 23/09/2019

Caveats

Bowden + [1502.00484]

Bovy + [1609.01298]

Sphericity of  
inner DM halo:


