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DM exists
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DM exists

20
Radius (kpc)

galactic rotation curves ‘precision cosmology’ (CMB, LL.SS)

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



DM exists

NGC 6503

10 20 39 -
Radius (kpe weak lensing (e.g. in clusters)

galactic rotation curves ‘precision cosmology’ (CMB, LL.SS)

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
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ElectroWeak corrections!
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Indirect Detection: basics

rand -~ from DM annihilations in halo
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Indirect Detection: basics

and from DM annihilations in halo

spectrum GALPROP - |.Moskalenko #492,A.Strong # 506 ICRC 2015

/ DRAGON - D. Gaggero ICRC 2015

af s 8 a USINE - D. Maurin #484 ICRC 2015
It (F) i 8E(( )f)"‘az( f) = Qin; (2)Tspan f

diffusion energy loss convective wind source spallations



Indirect Detection: basics

and from DM annihilations in halo

spectrum GALPROP - |.Moskalenko #492,A.Strong # 506 ICRC 2015
/ DRAGON - D. Gaggero ICRC 2015
a f 8 a SOINE-- D. Maurin #484 ICRC 2015
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From N-body simulations and/or kinemastics:

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 I

Moore :

At small r: p(r) o< 1 /17 10* B \Moore

10° =

Many profiles:
cuspy: :
mild:
smooth: :

EinastoB = steepened Einasto
(effect of baryons?)

ppm [GeV/em’]
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Determination of . ' | toag.
Milky Way parameters: occo, MP & Bertone 15, Na ——

—y — 34y gen. NFW, r =20 kpc
Pdm X (r/rs) (1 + r/rs) representative baryonic model

[106M, /kpc’]

20% disc normalisabon/

spiral arm systematic /
106 tracers

PDM

00 05 1.0 15 20

z |kpc]

(mock datal)
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1. DM abundance/profile

&. propagat
3. background
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3 ]_eptophl]_lc DM DM - uu, NFW profile
- mpy > few 100 GeV

- huge annihilation
CIross section




3 ]_eptophl]_lc DM DM - uu, NFW profile
-mpym ~ 1 TeV

- huge annihilation
CIross section

7.




3 ]_eptophl]_lc DM DM - uu, NFW profile

-Mmpn < 1 TeV

Y

- huge annihilation
CIross section




3 ]_eptophl]_lc DM DM - uu, NFW profile
-mpym ~ 1 TeV

- huge annihilation
CIross section

FERMI e*
+ HESS e*




o=
o
=
Q
<
!
=
©
=]
o=
70}
o
A

PAMELA 2008
PAMELA 2010
FERMI 2011

AMS=-02 2014

10 100
Positron Energy [GeV]

1000

E3 (e +et) GeV? /cm2 sec Sr

E® dN/JE [m? s sr' GeV™)

VERITAS - ICRC 2015
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VERITAS 2015
AMS-02 2014
PAMELA 2008 _ MAGIC 2011
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“We urge caution in over-interpretation of o
the uptick in the final VERITAS data point”™ 10°
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However:

» increased precision brings increased tension
“The Lmproved accuracy of AMS-02 on the Llepton flux
now excludes channels previoung allowed.”

» combination of annihilation channels are possible

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

| === Planck TT,EE,TE+lowTEB
: WMAPS
- CVL
Possible interpretations for:
AMS-02/Fermi/Pamela
Fermi GC

Thermal Relic _
fotf < ov >
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100 1000
DM mass (GeV) 100 1000 10000
m, [GeV]
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Also: magnetars consistent with known properties



Shape of the spectrum?

To be determined in the next 10 years:

Other astrophysical sources
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Shape of the spectrum?
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Other astrophysical sources
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Anisotropy?

5. The isotropy.

The fluctuations of the positron ratio
e*/e” are isotropic.

The anisotropy in galactic
coordinates:
5 £0.030 at the 95% confidence level

Galactic > 3
coordinates (b,l) [0 ( 3y /4% Cyis the dipole moment

Dipole Anisotropy
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Antiproton data vis-a-vis the secondaries:
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Antiproton data vis-a-vis the secondaries:

¢ PAMELA 2012
¢ AMS-02 2015

— Fiducial
Uncertainty from: Cross-sections
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Solar modulation
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Uncertainties on production and
propagation are crucial:

A progress report on our proton analysis was presented at the 33rd International Cosmic Ray
Conference (2013). At that time our understanding of the systematic errors did not allow an accurate
determination of the behavior of the proton flux.




Antiproton data vis-a-vis the secondaries:

C. Evoli, D. Gaggero and D. Grasso,

x10™

with PAMELA B/C data

10 10%
Kinetic Energy [GeV]

Extremely important for Dark Matter constraints! (Cirelli’s talk) Without doubt, to be continued!

¢ PAMELA 2012
¢ AMS-022015
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Uncertainty from: Cross-sections
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I Primary slopes
Solar modulation

5 10 50 100
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arXiv:1504.05175 R Kappl,A. Reinert and M.W. Winkler, arXiv:1506.04 145
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Based on AMS-02 p/p data (april 2015)

Astrophysical uncertainties on the constraints

== Einasto MED
— Varying halo profiles

— — Varying propagation parameters
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Indirect Detection

d from DM annihilations in halo

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

Carina Arm
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Kadastik, Raidal, Strumia, 2009 Y\ coalescence’y P
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d from DM annihilations in halo
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m = 500GeV

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

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

DM signal in the reach
of GAPS and AMS-02
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1. prompt emission

la. continuum 1b. line(s) 1c. sharp features
AN M AN
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Dwarf galaxies
FERMI

4-year Pass 7 Limit 4-year Pass 7 Limit
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Abazajian et al. 2014 (10) : — Daylan et al. 2014 (20)

Gordon & Macias 2013 (20) " () : Calore et al. 2014 (2¢0)
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Dwarf galaxies
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Dwarf galaxies
FERMI + Magic M. Wood - ICRGC 2015 #1206

107 p

—
o
"

All dwarfs

o
H
o
N

-

(=
~
S

95% <o v>Y [cm’/s)
b=
N

YDVe <0 V> |CITI /5]

-
o
%

w— Fermi-LAT+MAGIC Segue 1
++ My modan = = = MAGIC Segue 1 : H, median - = = MAGIC Segue 1
H, 68% containmeni - = ' Fermi-LAT o H, 68% containmeni - === * Fermi-LAT
H, 95% containmend = * = Thermal relic cross section H, 95% containmend = * = Thermal relic cross section

Also HAWC

B. Dingus -
B. Zitzer - VERITAS - ICRC 2015 #1225 ICRC 2015 #1213




Dwarf galaxies

—
o
"

°
E
=
g
v
£
o
n

w— Formi-LAT+MAGIC Segue 1

M, median

H, 68% containmem

= = =« MAGIC Segue 1
w—  Fermi-LAT

H, 95% containmeni = * = Thermal relic cross section

Beware of uncertainties!:

Charbonswer et:al (2011)
Ackermann ot al, (2013)
v, Geringer:Sameth et al. (2015)
® This work
— (8% Cls

4$%4h+A‘5‘5‘L12}%

:

Leod Leod Seg? Cwnl LesT Semt F 1 Cw !} Her Cw2 Boot

S

UMat

o

J-factor

Sege UM

Dra

e " 05°

& Classical

0 Ultrafain

Wit Coma

-t
(=]
N

-
=)
]

I

U2

All dwarfs

w— Fermi-LAT+MAGIC Segue 1
= = = MAGIC Segue 1
w—  Fermi-LAT

H, 95% containmend = * = Thermal relic cross section

H, median
H, 68% containment

VERITAS - ICRC 2015

— [ Pas D et gy

W\ (rarave

Also HAWC



Perseus cluster PRELIMINARY

~— MESS 12545 DM DM -+ bb
1 H ME.S.S. | mono sensitivity 1000, DM DM - b
faCtual ||m|tS w— HE.S.S. § mono sensitivity 250k, DM DM — 86
— WE.S.81112h (2011)
Fermi LAT 15 aSph 6 years

(95% CL) (cm’/s)

T
1-,!*"111 !

BA7 o
ol 1

| R AN
se}\é\“\' W

o Ferm LAY Beits a1 GC, 3 Pyrs (2013)
% MLanment
H, 66% containme — Perseus MAGIC (this work - 12h)

H, 95% containment
t(_ modian

wm. (TeV)




—— WE.S.S. 12545, DM DM — b6
actual limits HE.S.5. § mono sensitivity 100h, DM DM — b6

w— HE.S.S. § mono sensitivity 250k, DM DM — 86
— WE.S.81112h (2011)

Fermi LAT 15 aSph 6 years

Perseus cluster PRELIMINARY

95% 7 [s]

3

Pre lV'wI"l‘."I

<rv> (em's?)
%

1L
Pldr : ‘I\ \\\I\N
A

’m\ure o HESSI limits ot 6C, 1120 (2013)
o Fermi LAY Bmits i GC, 37"1-.')013!
Q‘.\J v B H, 68% containment

0‘ H, 95% containment

H, median

‘oll'r

a
]

— Perseus MAGIC (this work - 12h)

10°

LHAASO

Y r YT

- ' HAWC Segue 1
bb, dSphs - ' HAWC GC
HAWC Virgo
HAWC M31
Thermal DM

<ov> [ems™!]

we HESS GChalo (112 0
e Forme dSph stackng (15 dSphs. 5 yrs)
— CTA Galactic Halo
— CTA Soulptor dwart
CTA LMC

01 02 1 2 345 10 2030
DM mass (TeV)







Dark Matter interpretation:
ADDITIONAL TEMPLATES

Counts in 0.1°x0.1° pixels

Without NFW: DATA-MODE 0.3° radius gaussian smoothing
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Dark Matter interpretation:
ADDITIONAL TEMPLATES

Counts in 0.1°x0.1° pixels

Without NFW: DATA- MODEL 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

= Pass 8 Combined dSpls
: Fermi-LAT MW Halo
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Dark Matter interpretation:

Antiproton constraints
are not conclusive Gamma ray ones neither

= Pass 8 Combined dSpls
Fermi-LAT MW Halo
MAGIC Segue 1

@ Abazajian ct al. 2014 (10)

— Daylan et al. 2014 (2¢)
Calore et al. 2014 (20)
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‘Astro’ interpretation(s):

Modd A ModelA + DM ModelA +spike
Counts-Model, E, = | - 10 GeV Counts-Modedl, E, = 1 - 10 GeV Coumts-Modedl, E, = 1 - 10 GeV
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Leptonic outbursts: old + young (1 + 0.1 Myr) Enhanced proton energy losses
Unresolved point sources (MSPs?) (but even this is not ideal) near the GC

Model A ¢ Daylaat 2004
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ID with neutrinos

v from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm
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from DM annihilations in galactic center/halo & beyond

ICECUBE ANTARES
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from DM annihilations in galactic center/halo & beyond

m, in GeV
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Fermi bb

Dwarf stacking limits

-=- b quarks

~ W bosons
|_.. muons

- neutrinos

- IceCube Preliminary
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Production in a dense medium.
Include oscillations + interactions:
- reshuffling of the 3 flavors
- distortions the spectra,
- attenuations of the fluxes



from DM annihilations in the Sun
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7 from DM annihilations in the Sun
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from DM annihilations in the Sun

ICECUBE
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from DM annihilations in the Earth
ANTARES

preliminary | |
ANTARES 2007-2012 90% C.L. upper limit (W*W* chanael; <ov>=3E-26 cm* %)
ANTARES 2007-2012 90% C.L. upper limit (1"r channel; <ov>=3E-26 cm’ )
ANTARES 2007-2012 90% C.L. upper limit (bb channel; <ov>=3E-26 cm’* 5+)
Baksan 1978-2009 90% C.L. upper limits (W™W" chanael, sun)
Baksan 1978-2009 90% C.L.. upper limits (771" channcl, sun)
o - Baksan 1978-2009 90% C.L. upper limits (bb channel, sun)
I a e T S AP TR loeCuide-79 20102011 90% C.L. upper limits (WW* (71 for WIMP mass <80.4 GeV ¢2) channel, sun)
leeCube-79 20102011 90% C.L. upper Emits (bb channel, sun)
ANTARES 2007-2008 90% C.L. upper limits (W*W" channel, sun)
ANTARES 2007-2008 90% C.L. upper limits (x" 1" channel, sun)
ANTARES 2007-2008 90% C.L. limits (bb channel, sun)
Super-Kamookande 1996- 2001 90% C.L. upper limits
XENON 100 (2012), 90% C.L. upper limit
LUX (2013), 90% C.L. upper limit
Strege ct. al. 15-dimensional MSSM (2014); SI, 68% C.L.
Strege ct. al. 15-dimensional MSSM (2014); SI, 95% C.L.
Strege ct. al. 15-dmensional MSSM (2014); S, 99% C.L.
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antiprotons, gammas, neutrinos, CMB...

thermal cross section
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antiprotons, gammas, neutrinos, CMB...

thermal cross section
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Gran Sasso underground laboratories ' ’
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DM exists

Understanding it
is a major goal of
astroparticle physics

which requires
collaboration

and

coordination

of different disciplines




