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DM is a, neutral, very long lived,
feebly- interacting corpuscle.



DM exists

NGC 6503
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G AUL weak lensing (e.g. in clusters) Maligoe S
‘precision cosmology’ (CMB, LLSS)

galactic rotation curves

DM is a, neutral, very long lived,
weakly interacting particle.

Some of us believe in
the WIMP miracle.

- weak-scale mass (10 GeV - 1 TeV)
- weak interactions ocv = 3 - 10~ *®cm? /sec
- give automatically correct abundance

Comoving Number Density o
" b oL Lo g 2




direct detection
Xenon, CDMp, Edelweiss, LUX. ... (CoGeNT, Dama/Libra...)

production at colliders -
LH

7Y from annihil in galactic center or halo
and from secondary emission

Fermi, ICT, radio telescopes...

indirec from annihil in galactic halo or center
PAMELA, Fermi, HESS, AMS,balloons...
from annihil in galactic halo or center

(. from annihil in galactic halo or center
GAPS, AMBS

I/, I/ from annihil in massive bodies
SK, Icecube, Antares
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Indirect Detection: basics

rand -~ from DM annihilations in halo
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So what are the
particle physics
parameters?
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So what are the 1. Dark Matt i?eiﬁass

particle physics g primary cha;nnel(s)
parameters? 3. cross section

- AR ‘



Indirect Detection: charged CRs

and from DM annihilations in halo

Sagittarius Arm = * ‘ .n Local Arm
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Indirect Detection: charged CRs

and from DM annihilations in halo

Salati, Chardonnay, Barrau,

SpectiSE Donato, Taillet, Fornengo, Maurin,
8f/ 8 8 Brun...*90s,‘00s
— —K(E) -V~ b(E — (Vof) = Qinj — 278 (2)Tspa
It (L) 8E(( )f)_l_@z(vf) Qinj (2)L'span f

diffusion energy loss convective wind source spallations



and - from DM annihilations in halo

[ TRm oL [ _cov [Tk Tx

thickness L [kpc] 10 0.5 2
[10%% em?s™!] 2(» 44(‘ 097 4.75 | 0.31 1.35 10
diffusion -I

-0.15 -0. 2"’ -() "7

diff. reacc. | 3 33 1 14.1 11. 6 11, 6

p index —|
50

convection H‘(/d [ kms ' kpe 1]

solar mod. & [GV] | 0.650 |
2. /dof (pin [25]) | 0.462

Cirelli, Gaggero, Giesen, Taoso, Urbano 1407.2173
cfr. Evoli, Cholis, Grasso, Maccione, Ullio, | 108.0664

Electrons or positrons |  Antiprotons (and antideuterons)
Model | 6 Ky [kpe? /Myr] d Ky [kpe?/Myr| Vi, [km/s] | L [kpe]
MIN . 0.00595 0.85 0.0016 13.5

MED | 0.7( 0.0112 0.70 0.0112 12
. 765 0.16 0.0765

Donato et al., 2003+



Indirect Detection: charged CRs

and from DM annihilations in halo

Salati, Chardonnay, Barrau,

Spectitl Donato, Taillet, Fornengo, Maurin,
8f/ 9 5 . BrUn.. 905,005
—~ _K(Ee b(E)f) + — (Vof) + Qini — 2h0(2)T
5~ K(E) - V°F = 55 G )+ 5= (Vef) & Qun | 2h6() g
diffusion energy loss convective wind source , spallations



From N-body numerical simulations:

NEW - DM halo

NFW
Einasto : Einasto
EinastoB
Isothermal : 5 Isothermal
L+ (r/rs) Burkert

Ps Moore
(L+7/rs)(X+ (r/15)?)

Burkert :

Angle from the GC [degrees]
10”7 30”1’ 510" 30’ 1° 2° 5°1020°45°

- I I I I I I I I I I

Moore :

At small r: p(r) o< 1/77 10* £ A Moore oot

6 profiles:
cuspy:
mild:
smooth: :

EinastoB = steepened Einasto
(effect of baryons?)

ppm [GeV/em’]




Flux

So what are the |
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EMET’S?

g e S the I Da,rkM&t * 1. DM abundance/profile
astrophysics 2. primary channel(s

parameters 3. cross section
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SO what e the 1. Dark Matté i_ma-,ss - 1. DM abundance/profile
astrophysics 2. primary cha;nnel(s) &. propagation

parameters? 3. Cross sectlon - 8. background
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Antiproton data vis-a-vis the secondaries:

PAMELA 2012

5 10 50 100
Kinetic energy T [GeV]
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¢ PAMELA 2012
¢ AMS-02 2015
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Antiproton data vis-a-vis the secondaries:

¢ PAMELA 2012
¢ AMS-02 2015

— Fiducial
Uncertainty from: Cross-sections
Propagation
B Primary slopes
Solar modulation
5 10 50 100
Kinetic energy T [GeV]




Indirect Detection

Background computations for antiprotons:

Sagittarius Arm  ° . Local Arm
n |
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Background computations for antiprotons:

Sagittarius Arm  ° . Local Arm
n

Main ingredients:

e primary p (and He)

o gpallation cross-sections [N G D N o e
e propagation

e solar modulation




Indirect Detection

Background computations for antiprotons:

liff .

Galactic Bulge Norma Ara y,
\ Y.

y:
\\ Crux f£rm
\ /// ] {f/

Scutum Arm

\,\V

£ IR
-

| Sagittarius Arm = _ ) Local Arm
Main ingredients: .

e primary p (and He) €% ‘

o spallation cross-sections [N o T N T e e

e propagation

¢ golar modulation




Antiproton data vis-a-vis the secondaries:

¢ PAMELA 2012 E NO
¢ AMS-02 2015

evident
excess

— Fiducial
Uncertainty from: Cross-sections
Propagation
B Primary slopes

Solar modulation
| 5 | 10 - I5IOI 100
Kinetic energy T [GeV]




Antiproton data vis-a-vis the secondaries:

¢ PAMELA 2012
¢ AMS-02 2015

— Fiducial
Uncertainty from: Cross-sections
Propagation
B Primary slopes

Solar modulation
| 5 | 10 - I5IOI 100
Kinetic energy T [GeV]

A\ [o
evident
excess

some
preference
for flatness




Antiproton data vis-a-vis the secondaries:

¢ PAMELA 2012
¢ AMS-022015

— Fiducial
Uncertainty from: Cross-sections
Propagation
I Primary slopes

Solar modulation .
using

5 10 50 100 p, He by AMS-02,
Kinetic energy T [GeV] B/C by PAMELA

C. Evoli, D. Gaggero and D. Grasso, arXiv: 504.05 175 R Kappl,A. Reinert and M.W. Winkler, arXiv:1506.04 145

o, He, B/C L with AMS-02 preliminary B/C data
by AMS-02 BT I T T Ty S

AMS-02 §ip data

B/C best it in sample
-  Op best il in sample

propagation uncertainties

using nuclear uncertainties
p, He by AMS-02 and CREAM,
10 B/C by AMS-02,
Kinetic Energy [GeV] heavier nuclei by compilation




Based on AMS-0R p/p data (april R015)

Astrophysical uncertainties on the constraints

== Einasto MED
— Varying halo profiles

— — Varying propagation parameters
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Recent developments

finds a possible excess

(formally ~4.50)
1 o region | | Mpwm = 80 Gev, bb,
2 sregon 1 o reqion -
. pbarip AMS-02 2 a region thermal cross-section
Be<t Fib | pbharfo AMS-0Z
Best Fit (no SM; 5 Best Fit
. Tertlary 1 Bost Fit (no SM) EOOL,
DM N | Tertiary Slmlla,I’ly'
(light mediators)

(but only 1o)
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Recent developments

finds a possible excess

1 o region I Mpm = 80 GeV, bb,

Z sregon 1 o region

. phar/p AMS-02 2 g region thermal cross-section

Be<t Fib | pharfo AMS-07
Best Fit (no SM; Best Fit
- Tortlary /- e — Bost FIt (no SM)

DM ’ y e Tertiary Slmlla,I’ly'

(light mediators)

(but only 1o)
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criticisms:

propagation parameters
determined with

p, He data only,

Limit &6 w/o B/C

Limil dSghs : Ackermann(2015)
B 1-3c DM detection
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H Systematic uncertainty | excess evaporates
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Recent developments

finds a possible excess

1 o region I Mpm = 80 GeV, bb,

Z sregon 1 o region -

. pbarip AMS-02 2 o region thermal cross-section
Rost Fit | | pbarfp AMS-0Z
Best Fit (na SM; Best Fit

. Tertlary 1 — Bost Fit (no SM)

DM ’ y e Tertiary Slmlla,I’ly'

(light mediators)

(but only 1o)

7 E_ i llll'] L A | IIIHI LI B | Illlll /‘.;j'fl k-
F on the other hand:
B/C and p probably probe
i _ different regions
E  aethe
» e — Limit e it’s a very tricky region,

di Mawa ar al
ho Burkart
|GV
& & “yad DV mazs
--Illlll—-llln

—— Limil dSghs : Ackermann(2015)
B 1-3c DM detection

cool things can hide there

N
L L

Systematic uncertainty

10° 10° 10"
moym  [GeV] mom  [GeV]



Recent developments

— Observed 95% CL excess eXiStS
e / . Expected = 10
Expected = 20 but significance ~10,
——- Thermal Relic given all uncertainties
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Positron fraction

/e++e-

PAMELA 2008
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FERMI 2011
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i leptophlllc DM DM — uu, NFW profile
- mpym > few 100 GeV

- huge annihilation
Cross section
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i leptophlllc DM DM — uu, NFW profile
-mpm ~ 1 TeV

- huge annihilation
Cross section

FERMI e
+ HESS e+ 2015
+ VERITAS e= 26













However:

» increased precision brings increased tension
“The tmproved accuracy of AMS-02 ow the Lepton flux
now excludes chanwnels pre\/iousl,g allowed.”

» combination of annihilation channels are possible

» constraints: gamma rays, neutrinos, CMB...

Planck TT.EE, TE<lowTEB
WMAPS

==+ CVI
Possible interpretations for:
AMS-02FermilPamela
Fermi GC

Ihermal Ralic
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/e++e- [ : o CALET 2017

DAMPE 2017
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HESS 2017 prelim
CALET 2017
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frenetic activity in december 2017

DAMPE 2017
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Dwarf galaxies
FERMI

— dyrar Fas: 7 "amit .

= G-year Pass 3 Lamit
==  Mehian Expuected
63% Conteinmean

anteinment

10°

Puz: § Combinud dSphs
Formi LAT MW Hulo

HEESS8 CC Halo

VIAGIE Segie 1

Abazanan et 0. 2014 (1)
Curdun & Muwin: 2013 (20
Jaylan ot 2l A4 [27)
Calore ot al. 2012 2¢)

102 103
DM Mass (GeV/e*)

- dyerr s 7 Limit

- G-year lass 3 Limit

==  Mucian Expectud
685 Containmen:
195% Contaimment

10*
DM Mass (GeV/e?)

= Pusi 8 Combinied dSphs
Fegimi LAT MW Hualg
MACIC Sczue 1

@ Abazajiam et al 2014 (la)

— Duylun et &l 2014 (25)
Calare ot 2. 2014 (27)
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Dark Matter interpretation:

Counts in 0.1°x0.1° pixels
Without NFW: DATA M OD EL 0.3% radius gaussian smoothing
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S. Murgia for FERMI-LAT - ICRC 2015
T. Porter for FERMI-LAT - ICRC 2015 #815
Fermi coll. 1511.02938



Dark Matter interpretation:

Counts in 0.1°x0.1° pixels
Without NFW: DATA M OD EL 0.3° radius gaussian smoothing
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Dark Matter interpretation:

Best fit:
~35 GeV, quarks, ~thermal ov
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Dark Matter interpretation:

Antiproton constraints
are not conclusive

Benchmark propagation models
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Dark Matter interpretation:

Antiproton constraints
are not conclusive Gamma ray ones neither

= Puss 8 Combined dSpls
Fermi-LAT MW Hilo
MACIC Segue 1

Abazajian ot al. 2014 (1a)

Benchmark propagation models

Daylan et al. 2014 (20)
Calore et al. 2014 20)
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Dark Matter interpretation:

Antiproton constraints
are not conclusive Gamma ray ones neither

= Puss 8 Combined dSpls
Fermi-LAT MW Hilo
MACIC Segue 1
Abazajian ot al. 2014 (1a)
= Dawlan et al. 2014 (20)
Calore et al, 2014 20)

Benchmark propagation models
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Possible interpretations for:
AMS-02FermilPamela
Fermi GC

Ihermal Ralic

Also:



‘Astro’ interpretation(s):

Mec=lA ModdA+M MecelA4apoke
Counts-Model, o — | = 10 GeV Coumteldodel, E, — | = 0 GV CeuzrsModel. F. — 1

v

‘preferred’

<" /2

: » J
k : vy, V.. ’A “m’.“
e AW N ET s

-

‘disfavored’ T

An additional steady-source spike of CRs (from SNRs?) that emit via ICS

Unresolved point sources (MSPs?) Leptonic outbursts: old + young (1 + 0.1 Myr)
: . - " . (but even this is not |dea|) What does the FERM’ CO” Say’)

: Unclear...
Mol A b Dot 200

- = Mul B t  Bupaniys 200

= Mozl I ; Harerrwbwasesiph 3100 . = '
Vernl Buboke (estespobsted] ¥ HowperkSluine 2008 EXCGSS eXIStS (1 511 02938)’ addlng
HI - B2 ez ok, T Atexapord 204 3 DM ImpI’OVGS the f|t

Furzi el |pndisinuy| Genlone 2013

Cuewt 2016 » Excesses elsewhere in the GP, the
GC one not significant (1704.03910).

« We found point sources! DM
‘strongly disfavored’ (1705.00009v1).

» Sure? (Bartels et al., 1710.10266)
N 5 i =) e AR, o, sorry, we had a mistake
AL dolnder | ke ko B o, 0 ‘B (1705.00009v2).

Ocloctie latitode 8| Gog, ot €<

b, Gal, latitude |deg
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ID with neutrinos

 from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Crux Arm

Outer Arm _ . o\ - Carina Arm

Perseus Arm

Sagittarius Arm  °* . ' Local Arm

Sun
(SREE

DM ,’W_,Z,b,T_,t,h...’\’")ezF, p ) D a'nd V U_p_going
Imuons:
S - = Rl o (__) (__)
DM SWH, Z,b, v, t,h...~e>, P, D ... and |/




ID with neutrinos

v from DM annihilations in galactic halo

Galactic Bulge Norma Arm
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from DM annihilations in galactic center/halo
ICECUBE & Antares

IC79 Halo, Multipole == IC59 Dwarfs

IC86 Ialo, Cascades ANTARES (2007-15)
IC79 GC —  Fermi+MAGIC Segl 95%
IC86 GC (2012-14) = - H.E.8.8. GC 95% (Ein.)

Competitive

constraints
WIMP Mass [GeV] (especially for large mpun)




7 from DM annihilations in the Sun

Earth

Include oscillations + interactions:

- reshuffling of the 3 flavors
- distortions the spectra
- attenuations of the fluxes



W_DZ7 b77-_7t7

primary
channels

S W 208 e




Effects of the medium:

1) light hadrons (r, K...) and leptons (u) are stopped and decay at rest
&) heavy hadrons/leptons lose some energy before decaying



BEffects of the medium:

1) light hadrons (r, K...) and leptons (u) are stopped and decay at rest
&) heavy hadrons/leptons lose some energy before decaying



ICECUBE, Antares & SuperKamiokande

Prelsqinary T Super K (1995 2012, subdominant

== Antares (2007-2012) {1°°

M constraints

10

T B Rl Competitive
Pl constraints




, AMS,balloons...

ter
GAPS, AMGS
Ieecube, KmaNet

1T, radio telescopes...
HESS

or cen

ies
SK.,

i,

1o or center

ive bod

indirec




Indirect Detection

d from DM annihilations in halo




Indirect Detection

d from DM annihilations in halo

Galactic Bulge ,,*”{fim“‘i~ Norma Arm -

Quter Arm T o = —

- Sagittari

Local Arm

‘l' ,f?;"' Sﬁn
p



Indirect Detection

d from DM annihilations in halo

) ‘ Norma Ara

Galactic Bulge ‘
*K
® ()

Scutum Arm
Crux Arm

Carina Arm

4

Quter Arm

\

-
O.ﬂ

Perseus Arm

- Sagittari , '
4 d3NJ 41 3 d3NrfL d3Nﬁ
Yda— = = o PoVn =5 y Yo —=
k3 370 dk3 Yk
‘ \W—/ ~ ~" - \—\/—/
D to. F Salati 1999 ‘i, J—density in prOb.abi.lity to find ﬁ—density in
Donato, Fornengo, 1\/? - 200 Fmomentum space n within a sphere momentum space
onato, Fornengo, Maurin \ : -
’ Y \ of radius around kj;

Brauninger, Cirelli 2009 N\ ¢ y # . po p

\ Coalescence y in momentum space

Kadastik, Raidal, Strumia, 2009

/ coalescence momentum

Vittino, Fornengo, Maccione 2013 ~

Aramaki et al., 2015 i —— Po o |kﬁ o k‘ﬁ| ~ 80 — 200 MeV



Indirect Detection

d from DM annihilations in halo

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

Quter Arm Carina Arm

p—

€}

Perseus Arm

~Sagittari & ,
/ \ d®>N; s 0N
Y= o A e
3
dk; ' ‘event-by-event
A 1
Donato, Fornengo, Salati 1999 \‘x d § d-density in pmkf:atlfl- lt} g W|th PYth|a.
Donato, Fornengo, Maurin 2008 \\ ] i space of ;;(\71\511“11; .
Brauninger, Cirelli 2009 N\ ‘ ’ 4 " h 11’1()1‘11 |
Kadastik, Raidal, Strumnia, 2009 coalescence’y
; coalescence momentum

Vittino, Fornengo, Maccione 2013

Aramaki et al., 2015 S Do = |kp o k‘ﬁ| ~ 80 — 200 MeV



Donato, Fornengo, Salati 1999
Donato, Fornengo, Maurin 2008§

d from DM annihilations in halo

po = 195 & 22 MeV

AL

o. N — _

7
s
/
!
R ‘

AL S
‘?.

Galactic Bulge

Scutum Arm

OQuter Arm

“

q‘&" ' i M | ‘. 2x1078

01 012 0.14 0.16 0.18 0.2 0.22

- Y.

«

e |

Perseus Arm Po [GeV]

N Vittino, Fornengo, Maccione 2013

Sagittariyl

/
A

T
—Y \
_’ | NB naive guess would be po = VE, mp =47 MeV

O
\ d | (with Ep the d binding energy): not too far...

(]
)
|

Brauninger, Cirelli 2009 \ ¢ ’ / :

Kadastik, Raidal, Strumia, 2009 N\ coalescence’y

\ .~ coalescence momentum
Vittino, Fornengo, Maccione 2013 7

Aramaki et al., 2015 S~ o Do = ‘]{723 o kﬁ| ~ 80 — 200 MeV

\\t - —

——— e



d from DM annihilations in halo

—
Q
N

heavy DM
-=-.m=5 10, 20TeV

Wino DM
m = 500GeV

—
<
w

BESS limit

Secondary

; 30keV 67 keV

d is slowed down,
captured (exotic atom),
annihilates w distinctive emissions

01 1 10 100
Kinetic Energy per Nucleon [GeV/n]

DM signal in the reach
of GAPS and AMS-02



, AMS,balloons...

ter

HESS
GAPb, AMS

ICT, radio telescopes...

OOP cell

Ferm

1€S

Y

i

0 Or center
bod

lo or center

>

Assive

Icecube, KmaNet

)

5K

AMS?




Indirect Detection

He from DM annihilations in halo

\

/ * 3
i ]
.

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

Quter Arm Carina Arm

4

Perseus Arm

=
Z

- Sagittari

;

3 event-by-event

, T
( & o
® -~ w ky — ko < i '
O -0 | 1 — k2| < po with Pythia
‘\\:‘ ﬁ /;,'

k1 — k3| < po
N\ ‘coalescence’ -~

k2 i k?) S Po a bit arbitrary:-
Cirelli, Fornengo, Vittino, Taoso 2014 -
Carlson, Linden, Ibarra, Profumo, Wild 2014 e Coal escence momentum po = 195 MeV



Indirect Detection

He from DM annihilations in halo

4

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

Quter Arm

N
~

Carina Arm

&

Perseus Arm

- Sagittari

L
s
¢

p

N ‘ y &
Cirelli, Fornengo, Vittino, Taoso 2014 = C Oal e€scenc )

Carlson, Linden, Ibarra, Profumo, Wild 2014 I

o
PR

SHe

@ Coulomb suppressed

//:



Indirect Detection

He from DM annihilations in halo

4

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

Quter Arm

N
~

Carina Arm

&

Perseus Arm

- Sagittari

n
@

| ')§8 ‘He
0
\ O

®— ] statistically suppressed

p

N\ ‘coalescence’ -~

//:

Cirelli, Fornengo, Vittino, Taoso 2014 -
Carlson, Linden, Ibarra, Profumo, Wild 8014 e



He from DM annihilations in halo

DMDM — uli mpy=20GeV Peoa = 195 MeV

consistent with

10 :
antiproton bounds
T [GeV/n] P




He from DM annihilations in halo

DMDM — uli mpy=20GeV Peoa = 195 MeV

10
T [GeV/n]




He from DM annihilations in halo

DMDM — uu mpy=20GeV peoa = 195 MeV DMDM — bb  mpuy=40GeV  pgoa = 195 MeV DMDM — W'W~ mpy = 1000 GeV Pcoal = 195 MeV

10

T [GeV/n] T [GeV/n] T [GeV/n]




He from DM annihilations in halo

DMDM — ut  mpy=20GeV pcoa =195 MeV DMDM — bb  mpy=40GeV  peoa = 195 MeV DMDM — W'W~ mpy = 1000 GeV Pcoal = 195 MeV

T [GeV/n] T [GeV/n] T [GeV/n]

DM DM — uu mpym = 20 GeV DMDM — bb  mpy =40 GeV DMDM — W'W~ mpy= 1000 GeV

10~
— 1078
1078

R
10710 %///,,%%/,4}/

10712 \ ] "\\'\\» / //////#//:'f/’;

T [GeV/n] T [GeV/n] T [GeV/n]




He from DM annihilations in halo

DMDM — ut  mpy=20GeV pcoa =195 MeV DMDM — bb  mpy=40GeV  peoa = 195 MeV DMDM — W'W~ mpy = 1000 GeV Pcoal = 195 MeV

T [GeV/n] T [GeV/n] T [GeV/n]

DM DM — uu mpym = 20 GeV DMDM — bb  mpy =40 GeV DMDM — W'W~ mpy= 1000 GeV
-2
10

-4
10
BEss eXClugey

107°
AMS-02 each

1078

10 \\\\\\\\\s}}‘\\\\\w’k\\\

a L.aA-12 \ 2 A=12
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Flgure 14 S.Ting - AMS-02 press release - december 2016

; 1 0—12 Pcoal = 195 MeV




He from DM annihilations in halo

update: Blum, Ng et al (1704.05431)
find very high bkg calibrating on ALICE data

B this work

—Herms et al (2016)

——Herms et al (2016)

- Duperray et al (2005)

—Cirelli et al (2014)
Chardonnet et al (1997)

- «95%CL 5-yr

DMDM — W'W~ mpy = 1000 GeV

o

10

.

o
-
—a

Py
—_
(&)
—
c
)
>
O
O
S—
-
w
w
o~
=
=
—
-

-t
o
N

—
o
w

10’
kinetic energy [GeV/nuc] ' T [GeV/n]




He from DM annihilations in halo

update:

Coogan, Profumo (1705.09664)
update: Blum, Ng et al (1704.05431) find 5 He from DM in 5yrs possible
find very high bkg calibrating on ALICE data fin AMS, barely compatible with p, D

B this work

—Herms et al (2016)

——Herms et al (2016) D e my = 100GeV i
- Duperray et al (2005) B, = 1000GeV
—Cirelli et al (2014)

Chardonnet et al (1997)
- =95%CL 5-yr

-y
o
©

gy

o
-
—a

p—
&)
-

]

>
)]

O

—
-
w
w

N
=
=

—

—

o
=
® (m? s sr GeV/n)~!

—h
o
N

—
o
w

10’

kinetic energy [GeV/nuc] 102

Kinetic energy per nucleon, T (GeV/n)




Zupan to appear

, d.

, A. Strumia,

i

1; M. Cirell

020:

L(

| ]
I
™

34

Fnim

-‘u

.5



)
~~
o
&
L,
S
N
C
9
——
(@)
()
0}
79}
n
(@)
—
(@)
C
9
——
©
<
C
C
<

All ID constraints

bb —
WW ——

" status at 35N ICRC o
_ (summer 2017y - -t

thermal cross section T

102

DM mass [GeV]

103













V\,‘...-)
DM not seen yet P

ID with cosmic rays is in principle
a very powerful tool, but:

in e*: long standing ‘excesses’
in 0: still large uncertainties

in d: challenging flux

in He: hopeless? who knows

in v: challenging detection

in y: astrophysical background



V\,‘...-)
DM not seen yet P

ID with cosmic rays is in principle
a very powerful tool, but:

in e*: long standing ‘excesses’
in 0: still large uncertainties

in d: challenging flux

in He: hopeless? who knows

in v: challenging detection

in y: astrophysical background

Solution:



V\,‘...-)
DM not seen yet P

ID with cosmic rays is in principle
a very powerful tool, but:

in e*: long standing ‘excesses’
in 0: still large uncertainties

in d: challenging flux

in He: hopeless? who knows

in v: challenging detection

in y: astrophysical background

Solution:
- multimessenger



V\,‘...-)
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ID with cosmic rays is in principle
a very powerful tool, but:

in e*: long standing ‘excesses’
in 0: still large uncertainties

in d: challenging flux

in He: hopeless? who knows

in v: challenging detection

in y: astrophysical background

oolution:
- multimessenger - switch-off astrophysics
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DM exists

NGC 6503

10 20 30 .
G AUL weak lensing (e.g. in clusters) izl —
‘precision cosmology’ (CMB, LLSS)

galactic rotation curves

DM is a, neutral, very long lived,
feebly interacting particle.

Some of us believe in
the WIMP miracle.

- weak-scale mass (10 GeV - 1 TeV)
- weak interactions ocv = 3 - 10~ *®cm? /sec
- give automatically correct abundance

Comoving Number Density 5
HM oL e e g 2




galactic rotation curves ‘precision cosmology’ (CMB, LLSS)

DM is a, neutral, very long lived,
feebly interacting particle.

DM need not be absolutely stable,
.jU-St DM Z Tuniverse == 4.3 101736(3 :
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Indirect Detection: charged CRs

and from DM annihilations in halo

What sets the overall expected flux?

flux o< n° Cannin

Astro reference cross section:
cosmo ov = 3 -10"*°cm? /sec




From N-body numerical simulations:

NFW :

Einasto :

Isothermal :

1+ (7“/7“3)2

Burkert : Ps

(L +r/ro)(1+(r/r)?)

Moore :

At small r: p(r) oc 1 /77

6 profiles:

Cuspy:
mild:

smooth: :

EinastoB = steepened Einasto
(effect of baryons?)

DM halo

ppm [GeV/em’]

NFW
Einasto
EinastoB
Isothermal
Burkert
Moore

10// 30// 1/

Angle from the GC [degrees]
510" 30’ 1° 2° 5°1020°45°

T

1 1 1 1 1 1 1 1 ™
\

Cirelli et al., 3
10]2.4515

Moore




Local clumps in the‘._,

Hor illustration:

Milky Way

Resalved Clumps

Milky Way

|

Kuhlen, Diemand, Madau 2007 rane:

Pieri, Bertone, Branchini,
MNRAS 384 (2008), 0706.2101
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Propagation for antiprotons:

0 0
a{ K(T) ; v2f | Oz (Slgﬂ(Z) f‘/conv) o Q — 2h 5(2) Fannf

diffusion convective wind spallations
K(T) = Kof3 (p/GeV)°
' kinetic energy

Model ) Ko in kpc?/Myr L in kpc  Viony in km/s

min 0.85 0.0016 1 13.5
med 0.70 0.0112 4 12
max 0.46 0.0765 15 5

Solution: W
dN i

1
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Propagation for antiprotons:

of 0
2 . b
py K(T)-V“f - 3, e — O — 2R 0(2) T annf
diffusion convective wind spallations
K(T) = Ko (p/GeV)°
1’ kinetic energy
Annihilation
Einasto
Model o Ko in kpc?/Myr L in kpc  Viony in km/s %g\%‘e
min  0.85 0.0016 1 13.5 — Isothermal
med  0.70 0.0112 4 12 s Burkert
max 0.46 0.0765 15 5 )
>4
g
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%
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update:
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