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Direct and indirect searches of WIMP DM

complementary to colliders

<—
DM scattering against nuclei, recoil collider

Annihilation in astrophysical envir.
Observation of SM products of annih.

direct
detection

—_—>
indirect

detection




Indirect Detection: principles and dependencies

Galactic center, Dwarf Galaxies, Galactic Halo...
dependence on density structure
discovery (or constraints) subject to same uncertainty

20 GeV < E < 50 GeV residual (SFD)




A “dynamical” DM profile
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Direct Detection: principles and dependencies
(to go...)

from this to this
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DM density at the Sun =72




Determining the relevant astrophysical quantities
Local DM density

Garbari et al "12

Lisanti et al "10

Salucci et al '"10

Weber & de Boer '09

Catena & Ullio '09

Belli et al '02

Moore et al '01

Determinations of | erostom ot ol 6
local DM density | Gates et i 95
' . B Caldwell & Ostriker '81
are consistent, but noisy

Pamext (lOcco et al. 2011)
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Global kinematic methods:
fitting halo shapes

0
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R [Kpc] [M. Benito-Castafio, w.i.p.]

Fitting a DM profile on top of baryons: ppy=poR*



The Milky Way

inferring the relevant astrophysical quantities

Fitting a pre-assigned shape
on top of baryons

Most popular are
gNFW  Einasto

"v0=230 km /s, Ro=8.0 kpc
NFW, r,=20 kpc

model 5
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The Milky Way:
expected rotation curve
1. the baryonic components

Milky Way
edge—on

dark halo

/r———bulge/bar

Sun _J// \§>——gas disk
Galactic Centre stellar disk

not to scale!

tilted bar
thin+thick
H,, HI, HII




The luminous Milky Way: observations of morphology

2. BARYONS: STELLAR BULGE

Poulge = pof(Z, v, z)

morphology f(z, vy, 2z)
Stanek+ '97 (E2) 0.9:0.4:0.3 optical

Stanek+ '97 (G2) 1.2:0.6:0.4 optical

Zhao '96 e~ /2 4 r18%e~7a  15:0.6:0.4 infrared
Bissantz & Gerhard '02 e_’f/(l + r)t® 2.8:0.9:1.1 infrared
Lopez-Corredoira+ '07  Ferrer potential 7.8:1.2:0.2 infrared /optical
Vanhollebecke+ '09 e_"f/(l + )8 2.6:1.8:0.8 infrared /optical

Robin+ '12 sech?(—7r) + e ™ 1.5:0.5:0.4 infrared

normalisation pg

microlensing optical depth: (7) = 2.17793¢ x 107%, (¢, b) = (1.50°, —2.68°)
MACHO ’05




The luminous Milky Way: observations of morphology

2. BARYONS: STELLAR DISK -

Pdisk — pOf(x’ Y, Z)

morphology f(z, v, z)

Han & Gould 03 e 'sech?(2) optical
~R—|z|
e

Calchi-Novati & Mancini 11 e #~ % optical

deJong+ '10 optical
Juric+ '08 optical

Bovy & Rix '13 optical

normalisation pq

local surface density: 2, — 38 + 4Mp /pc? Bovy & Rix ’13]



The luminous Milky Way: observations of morphology

2. BARYONS: GAS

nyg = 27’1}-{2 + MH1 + MHII

morphology

Ferriere '12 r < 0.01 kpc Mgas ~ 7 % 10° Mgp CO, 21cm, He, ...
CO

2lcm
disp. meas.

Ferriere+ '07 r = 0.01 — 2 kpc CMZ, holed disk

CMZ, holed disk
warm, hot, very hot

N
—
—

CO
2lcm
disp. meas., Ha

CO
2lcm
disp. meas.

Ferriere '98 r =3 — 20 kpc molecular ring
cold, warm
warm, hot

V)

—

Moskalenko+ '02 7 = 3 — 20 kpc molecular ring
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uncertainties

CO-to-H, factor: Xco =0.25—-1.0x 10 cm 2K 'km ‘s for r < 2 kpc
Xco=050—-3.0x10cm 2K *km ‘s forr > 2 kpc
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’ Ackermannp




The Milky Way:
testing expectactions

+ gas kinematics
» gtar kinematics
o Masers
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[locco, 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

"v0=230 km /s, Ro=8.0 kpc
NFW, r,=20 kpc

model 5
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The Milky Way:
a spiral Galaxy

(and its Rotation Curve)

* unbinned rotation curve
baryonic bracketing
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here’'s more than you are usually told:

visible morphology Is uncertain
(and don't forget the dependence on Gal Parameters)

full 3d morphology

[locco, Pato, Bertone, Nature Physics 2015]



The Milky Way:
the importance of baryon modelling
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But do Galactic uncertainties affect PP, for real?

—— Reference model |

—— Reference model
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The Milky Way:
observed rotation curve
(and some intrinsic uncertainty)

Lo.s. (’Uc(R’)

VISR — m — 'Uo) cos bsin?

- unbinned rotation curve
baryonic bracketing

v, [km/s/kpc]
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observing tracers from our own position,
transforming into GC-centric reference frame



It I1s well known that uncertainties affect Direct Detection

-  Reference model

—— Galactic parameter
variation

(Ro,v0) =
(7.5,312)

(8.5, 180)

mpwm (G GV)

Current LUX limits, varying astrophysical uncertainties

[Benito, Bernal, Bozorgnia, Calore, locco, JCAP 2017; arXiv:1612.02010]



It Is well known that uncertainties affect inDirect
(some more, some less) and its interpretation

— = broken PL --= DM7"r

PL with exp. cutoff 3 GC excess spectrum with
. = DM bb stat. and corr. syst. errors

[Benito, Bernal, Bozorgnia, Calore, locco, 2016; arXiv:1612.02010]



Let's quantity 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 densit Direct detection

A, = 0.001
A, = 0.02
A, =0.1 -
Qsh? = 0.1199 + 0.0027

Fermi-LAT excluded

Combined

s > Qpy 23

BR(h — SS) > 58% /3
BR(h — SS) > 16%
Fermi-LAT bb

LUX 2013 we——

XENONIT projected w—

[Duerr et al, 2015]




Constraints and interplay of experiments

V =uf |HI* + Mg |H|* + p§ S* + Mg S* + Apys |H|* S*

[Benito, Bernal, Bozorgnia, Calore, locco, JCAP 2017; arXiv:1612.02010]



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

Statistical

[Benito, Bernal, Bozorgnia, Calore, locco, JCAP 2017; arXiv:1612.02010]



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

Statistical

Galactic Morphology

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



Let’'s look at the effect of astrophysics uncertainties:
Indirect

Statistical

60 100
mg [GeV]

[Benito, Bernal, Bozorgnia, Calore, locco, JCAP 2017; arXiv:1612.02010]



Cuncta stricte

e We have a good idea of what DM distribution in the MW is: actual
data & some good guidance from simulations (cum grano salis,
please)

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

e« Astrophysical uncertainties actually hinder determination of PP
scenarios.

e 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
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When you fight
a stranger in the ALPS




The Galactic Bulge region (R<2.5kpc)

constraints on the DM distribution
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[F1 & Benito, 2016]



The Galactic Bulge region (R<2.5kpc)

constraints on the DM distribution
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"‘Mamma guarda, senza rotelle!”
A non-parametric reconstruction of the DM profile

1 ' L |
| e density determination
baryonic bracketing
— Navarro-Frenk-White
- - Einasto
----isothermal
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