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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 



Indirect Detection: principles and dependencies
Galactic center, Dwarf Galaxies, Galactic Halo… 

dependence on density structure 
discovery (or constraints) subject to same uncertainty
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A “dynamical” DM profile

A balance of gravitational potential and SN energy injection



Direct Detection: principles and dependencies
(to go…)
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DM density at the Sun      = ?



Determining the relevant astrophysical quantities
Local DM density

Determinations of  
local DM density 

are consistent, but noisy

[Read, 2014]



Global kinematic methods: 
fitting halo shapes

[M. Benito-Castaño, w.i.p.]

baryon

NFW/Einasto/…

Fitting a DM profile on top of baryons: ρDM=ρ0Rα

[M. Benito-Castaño, w.i.p.]



The Milky Way 
inferring the relevant astrophysical quantities

Fitting a pre-assigned shape 
on top of baryons 

Most popular are 
gNFW     Einasto
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The Milky Way: 
expected rotation curve 

1. the baryonic components



The luminous Milky Way: observations of morphology



The luminous Milky Way: observations of morphology



The luminous Milky Way: observations of morphology



The Milky Way: 
testing expectactions

observational

observational

Φtot

Φbar=Φbulge+Φdisk+Φgas

[Iocco, Pato, Bertone, Nature Physics 2015]



The Milky Way 
inferring the relevant astrophysical quantities

Fitting a pre-assigned shape 
on top of baryons 

Most popular are 
gNFW     Einasto
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The Milky Way: 
a spiral Galaxy 
(and its Rotation Curve)

[Iocco, Pato, Bertone, Nature Physics 2015]



There’s more than you are usually told: 
visible morphology is uncertain 

(and don’t forget the dependence on Gal Parameters)

[Iocco, Pato, Bertone, Nature Physics 2015]



The Milky Way: 
the importance of baryon modelling

[Pato, FI, and Bertone, JCAP 2015]

(R0,v0)=(8kpc,230km/s)
Rs=20 kpc



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



The Milky Way: 
observed rotation curve  

(and some intrinsic uncertainty)

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



It is well known that uncertainties affect Direct Detection

Reference model

Galactic parameter
variation
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Current LUX limits, varying astrophysical uncertainties
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(R0, v0) =

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



It is well known that uncertainties affect inDirect 
(some more, some less) and its interpretation
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Fermi-LAT dSphs 2015

Reference model

Galactic parameter variation

[Calore et al, 2015]

[Benito, Bernàl, Bozorgnia, Calore, Iocco, 2016; 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.



Constraints and interplay of experiments

Relic density Direct detection

Combined

[Duerr et al, 2015]



Constraints and interplay of experiments
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[Benito, Bernàl, Bozorgnia, Calore, Iocco, JCAP 2017; arXiv:1612.02010]
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Let’s look at the effect of astrophysics uncertainties: 
Direct

[Benito, Bernàl, Bozorgnia, Calore, Iocco, JCAP 2017; arXiv:1612.02010]
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Morphology 2 & vpeak = 289 km/s
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Let’s look at the effect of astrophysics uncertainties: 
Direct

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



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



Cuncta stricte
•We have a good idea of what DM distribution in the MW is: actual 

data & some good guidance from simulations (cum grano salis, 
please) 

•Yet, intrinsic (still unavoidable) uncertainties exist and become 
relevant in the precision scenario we face today (thankfully). 

•Astrophysical uncertainties actually hinder determination of PP 
scenarios. 

•This is ,thankfully, because of increased sensitivity of a host of 
probes (not only colliders) on the core region of one of the most 
popular scenarios.  

•For as positive as this may be, we must cope with it.



That’s what happens, Larry

When you fight  
a stranger in the ALPS



The Galactic Bulge region (R<2.5kpc) 
constraints on the DM distribution

[FI & Benito, 2016]



The Galactic Bulge region (R<2.5kpc) 
constraints on the DM distribution

[FI & Benito, 2016]



“Mamma guarda, senza rotelle!” 
A non-parametric reconstruction of the DM profile

[Pato & FI, 2015]


