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The Milky Way mass 
(and DM distribution)  

in the GAIA era



A story of  LCDM 
the single halo

A “universal” DM profile?
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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 



Roundabout of complementarity 
(for WIMP DM)



Indirect Detection: principles and dependencies

Courtesy of P. Salati

e+, p, e- … 
subject to magnetic fields 

ν ,  γ ‘ s: 
straight messengers
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Direct Detection: principles and dependencies
(curiosity finally satisfied, thanks for waiting)

from this to this

you need this

dR

dE
/ 1

µ2

��

m�
⇢0⌘(v, t)



A story of  LCDM 
III. the dark matter distribution

generalized NFW

Core or Cusp?�

A “dynamical” DM profile

[Di Cintio et al., 2013]



DM density at the Sun   / around the MW   =   ?? 
From data , not theory/simulations

From data , not theory/simulations



Empirical determination of local DM density: 
recent determinations

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



Fitting a pre-assigned shape 
on top of luminous

⇢DM (R) / ⇢0 exp
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Inferring the DM distribution in 
disk galaxies: the Rotation Curve method

gNFW

Einasto

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



The Rotation Curve method, 
an example: the Milky Way

[Iocco, Pato, Bertone, Nature Physics 2015]



[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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= true values

Remarkable accuracy  
on local DM density

http://arxiv.org/abs/arXiv:1901.02463


Enters GAIA

Jiao et al. ‘23



Enters GAIA

Wang et al. ‘22



Enters GAIA

Helmi et al. ‘24



Discussurus

•What implications of new RC on DM 
profile? 

•Any (dominant) effect of GAIA on 
stellar disk ==> DM profile? 

•M. Benito and I working on it, wanna 
join? (dirty work to do)


