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What is the actual distribution  
of DM in the Milky Way?

And most notably in the proximity of the Sun?
And in the Galactic Center, too? Please bear with me until the end.
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The Milky Way: literature credits



[Jacopo Tintoretto, ca 1575. The National Gallery, London]

The origin of the Milky Way



[Peter Paul Rubens, ca 1636. Museo del Prado, Madrid]

The origin of the Milky Way



Dark Matter 

z

Evidence over large range of scales 

Nature still unknown



A story of LCDM 
I: structure formation

physical size

age of Universe



A story of  LCDM 
II. the single halo

A “universal” DM profile?
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A story of  LCDM 
III. the dark matter distribution

generalized NFW

Core or Cusp?�

A “dynamical” DM profile

[Di Cintio et al., 2013]



What is the actual distribution  
of DM in the Milky Way?

And most notably in the proximity of the Sun?
And the Galactic Center, as requested. Please bear with me until the end.



Empirical determination of local DM density

Determinations of  
local DM density 

are consistent, but noisy

[Read, 2014]



Vertical motion of stars in local region O(100pc) provides total Grav Pot 
 Subtracting visible (stellar) contribution  

Obtain (or not) DM without assuming its presence 

Local determination of ρ0



Fitting a pre-assigned shape 
on top of luminous

⇢DM (R) / ⇢0 exp
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Inferring the whole DM distribution 
(MW’s ‘backbone’)

gNFW

Einasto

[many autors, e.g. 
Iocco et al. 2011 ] [Iocco et al. 2011 ]



Empirical determination of local DM density: 
recent determinations

[Benito, Iocco, Cuoco, PDU 2021, arxiV:2009.13523]



• The observed rotation curve 
• The “expected” rotation curve 

• Some “grano salis” 

• Working hypothesis (later on)

The case of the Milky Way 
Recipe for unifying data & formalism. 

 
Ingredients:



The Milky Way: 
observed rotation curve 

the tracers of the gravitational potential



The Milky Way: 
observed rotation curve 

the data: a new compilation

[Iocco, Pato, Bertone, Nature Physics 2015] [Pato & FI, arXivV:1703.00020 , Software X (2017)]
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The Milky Way Rotation Curve 
as observed

All tracers, optimized for precision between R=3-20 kpc 
For more details on data treatment (as well as inclusion of different datasets) …

[Iocco, Pato, Bertone, Nature Physics 2015]

 galkin compilation [Pato & FI, arXivV:1703.00020 , Software X (2017)]



The Milky Way: 
‘expected’ rotation curve 

from visible (baryon) component

Φbaryon = Φbulge+ Φdisk+ Φgas

Constructing the curve expected from observed mass profiles



The Milky Way: 
expected rotation curve 

the baryonic components

Courtesy of Miguel Pato



The luminous Milky Way: observations of morphology

and its statistical uncertainties



The luminous Milky Way: observations of morphology

normalization and its statistical uncertainties



The luminous Milky Way: observations of morphology



The luminous Milky Way: 
expected rotation curve

integrating observed profiles

[Iocco, Pato, Bertone, Nature Physics 2015]



The Milky Way: 
testing expectactions 

(with no additional assumptions)

[Iocco, Pato, Bertone, Nature Physics 2015]



The Milky Way: 
testing expectactions 

(with no additional assumption) 
((and some technical detail))

ω = Vc / Rc 

R0=8 kpc 
V0=230 km/s

Uncorrelated 
uncertainties

[Iocco, Pato, Bertone, Nature Physics 2015]



Do the baryon-only curves fit with the 
observed RC?

Answer is NO:  
Every single model above 5 σ, already at R<R0!!

R0= 8 kpc 

Integrated X2/d.o.f. vs Radius 
Red line = 5 σ equivalent 

[Iocco, Pato, Bertone, Nature Physics 2015]



Fitting a pre-assigned shape 
on top of luminous

⇢DM (R) / ⇢0 exp
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Einasto

[many autors, e.g. 
Iocco et al. 2011 ] [Iocco et al. 2011 ]



[Iocco, Pato, Bertone, Nature Physics 2015][Benito, Bernàl, Bozorgnia, Calore, Iocco, JCAP 2017]

Systematic uncertainties 
(luminous component)



Extracting the DM density structure

[Pato, Iocco, Bertone, 2015]

little dispersion in rho0…

… but what’s going on with the slope gamma!



(Our instrument is very precise. Is it accurate?)
What to do of our measurement?

[Karukes, Benito, F.I., Geringer-Sameth, Trotta]  arXiv:1901.02463                                                                          

Test the system with  
known conditions 

(mock data)
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Remarkable accuracy  
on local DM density



The Milky Way: 
observed rotation curve  

Neglecting some quite remarkable uncertainties (for now)

observing tracers from our own position,  
transforming into GC-centric reference frame

Uncertainties on (R0,v0) 
ultimately affects our  

determination of  
(rho0, gamma)



[Benito, Iocco, Cuoco, PDU 2021, arXiV:2009.13523]

Profiling over Galactic uncertainties

rho0=0.3GeV/cm3

Testing approaches Testing datasets

Please use the full likelihood: 
publicly available!! https://github.com/mariabenitocst/UncertaintiesDMinTheMW



Direct and indirect searches of WIMP DM 
complementary to colliders

Direct detection: 
DM scattering against nuclei, recoil 

Indirect detection: 
Annihilation in astrophysical envir. 
Observation of SM products of annih. 

Production at LHC 



Direct Detection: principles and dependencies
(to go…)

from this to this

you need this
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[Iocco, Pato, Bertone, Nature Physics 2015][Benito, Bernàl, Bozorgnia, Calore, Iocco, JCAP 2017]

Systematic uncertainties 
(luminous component)



Extracting the DM density structure

[Pato, Iocco, Bertone, 2015]



But do Galactic uncertainties affect PP, for real?
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[Benito, Bernàl, Bozorgnia, Calore, Iocco, JCAP 2017, arXiv:1612.02010]



It is well known that uncertainties affect Direct Detection

Reference model

Galactic parameter
variation
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2015 LUX limits, varying astrophysical uncertainties
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[Benito, Bernàl, Bozorgnia, Calore, Iocco, JCAP 2017, arXiv:1612.02010]



Let’s quantify this effect in a specific case:  
Singlet Scalar DM

“WIMP phenomenology” entirely dictated by the 
Higgs coupling and physical DM mass.

[Mc Donald, 1994] [Burgess, Pospelov, Velthuis, 2001]



Singlet Scalar DM 
Constraints and interplay of experiments

Relic density Direct detection

Combined

[Duerr et al, 2015]



Singlet Scalar DM 
Constraints and interplay of experiments
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Let’s look at the effect of astrophysics uncertainties: 
Direct Detection

[Benito, Bernàl, Bozorgnia, Calore, Iocco, JCAP 2017; arXiv:1612.02010]



Let’s look at the effect of astrophysics uncertainties: 
Direct Detection

[Benito, Bernàl, Bozorgnia, Calore, Iocco, JCAP 2017; arXiv:1612.02010]



Let’s look at the effect of astrophysics uncertainties: 
Indirect Detection
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[Benito, Bernàl, Bozorgnia, Calore, Iocco, JCAP 2017; arXiv:1612.02010]



Stellar mass

M i
⇤ =

Z

box
⇢i⇤(x, y, z) dV

Total mass

Portail + 
MNRAS 465 (2017)

Mtotal = (1.85± 0.05)⇥ 1010 M�

[Iocco & Benito] PDU 15 (2017)

kpc(x, y, z) = (±2.2, ±1.4, ±1.2)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Galactic Center:  
a beast of its own

hic sunt  
leones



Methodology:
Allowed DM mass

DM mass corresponds to 7-37%

gNFW density profile

Study parameter space that  
gives a mass in excess or defect  
with respect to the allowed DM mass

[Iocco & Benito, PDU 2017] arXiv:1611.09861 
(+ M. Benito’s thesis)
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Galactic Bulge Region   
Results: varying bulge morphology

[Iocco & Benito, 2017] arXiv:1611.09861 
(+ M. Benito’s thesis)

Allowed at 1σ
Allowed at 2σ
Excluded at 2σ
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Galactic Bulge Region  
and RC curve compatibility
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[Iocco & Benito, 2017] 
arXiv:1611.09861 
(+ M. Benito’s thesis)

“the dark matter density of our model has a […] 
shallow cusp or a core in the bulge region”

Portail + 
MNRAS 465 (2017)

MDM = (0.32± 0.05)⇥ 1010 M�
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Allowed at 1σ
Allowed at 2σ
Excluded at 2σ
preferred ρ0 RC)



Cuncta stricte
•Determining the local DM density from actual data is possible   

•RC method is accurate and precise, in spite of large range of 
observational systematic and statistical uncertainties. 

•Slope (i.e. full profile of MW) is not very accurate, and quite 
depending from several systematics. (Galactic Center region 
further complicated.) 

•Astrophysical uncertainties are actually affecting determination 
of PP, in virtuous interplay with collider physics, direct and 
indirect probes. 

•Providing a ready-to-use likelihood for PP use, including 
astrophysical uncertainties on DM distribution


