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



DM exists

NGC 6503
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‘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
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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
oK, Icecube, KmdaNet
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Indirect Detection: charged CRs
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Indirect Detection: charged CRs
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So what are the
particle physics 1. Dark Matter mass
parameters? &. primary channel(s)
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ElectroWeak corrections are important!

- unexpected species

with corrections - different spectra
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Indirect Detection: charged CRs
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Indirect Detection: charged CRs

and from DM annihilations in halo

Salati, Chardonnay, Barrau,

Specti Donato, Taillet, Fornengo, Maur
8f/ 8 8 Brun...“90s,‘00s
— _ K(E b(E ~—(Vef) = Qi — 2h(2)Tspa
It (E)-V°f 8E(( )f)_l_@z(vf) (in; (2)Tspan 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+



Solar wind Modulation of cosmic rays:
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Solar wind Modulation of cosmic rays:
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Indirect Detection: charged CRs

and from DM annihilations in halo

Salati, Chardonnay, Barrau,

Specti Donato, Taillet, Fornengo, Maur
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diffusion energy loss spallations




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




Antiprotons
Varying prop parameters Varying halo profile
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Almost 2 orders of magnitude Almost 1 order of magnitude

Bottom line: Antiprotons are quite affected by propagation,
but spectral shape somewhat preserved







Antiprotons

Background computations for antiprotons:
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n |



Antiprotons

Background computations for antiprotons:
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Background computations for antiprotons:
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Antiprotons

Galactic Bulge Norma Arn y.
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Carina Arm

O 1
p 9\%

Sagittarius Arm  ° . Local Arm

Main ingredients: X

e primary p (and

-

Sun

e) ‘ﬁe AMS-02 2015/16

\
e gpallation cross-sections [N IR O ta N Nt ﬂe"“

e propagation

e golar modulation

NA49, BRAHMS

DiMauro, Donato, Goudelis, Serpico 1408.0288

+ Winkler 1701.04866



Uncertainties:

Primary slopes uncertainty:

¢ =0.62 GV
MED

— Fiducial
Uncertainty on Avyy g.(20)

5 10 50 100
Kinetic energy T [GeV]

Propagation uncertainty:

Kinetic energy T [GeV]

Background computations for antiprotons:

Cross-sections uncertainty:

6 =0.62 GV
MED

— Fiducial

Cross-sections uncertainty

5 10 50 100
Kinetic energy T [GeV]

Solar Modulation uncertainty:

—  Fiducial ¢ = 0.62 GV
Fisk ¢ € [0.3,1.0] GV

5 10 50 100
Kinetic energy T [GeV]




Background computations for antiprotons:

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

Solar modulation |
| 5 | 10 - '5IOI 100
Kinetic energy T [GeV]







l'lll'l"ll"lllllllll'Il'UUUIUUUUI'IU"'IU'I"U'

* AMS-02

p/P

lllllllllllllllllllllllllllllllllllllllllllllllll

llllll

100 200 300 400

500

Kinetic Energy [GeV]




Antiproton data vis-a-vis the secondaries:

PAMELA 2012
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Antiproton data vis-a-vis the secondaries:

¢ PAMELA 2012
¢ AMS-02 2015
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Antiproton data vis-a-vis the secondaries:

¢ PAMELA 2012 E NO
¢ 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 - I5IOI 100
Kinetic energy T [GeV]

A\ [o
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some
preference
for flatness




Antiproton data vis-a-vis the secondaries:

AMS-02 pip data
B/C best fit in sample

- = = p/p best fit in sample
propagation uncertainties

nuclear uncertainties

102 10"

T [GeV/n]

Kinetic Energy |GeV]

consistent results









Based on AMS-0OL p/p data (april R015)
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are reevaluated in between,
but these are similar or

very marginally stronger
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Based on AMS-0OL p/p data (april R015)

Astrophysical uncertainties on the constraints
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Recent developments

finds a possible excess

1 o region I Mpm = 80 GeV, bb,
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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
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(light mediators)
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Based on AMS-0OL p/p data (april R015)

|
N
| S
-
O
.g
N
&
o y—
—

[E—

[E—

-
©)
Q

-
N
W

Decay constraints from p / p

Einasto MED

100 1000
DM mass mpy [GeV]

NB: direct comparison with
former PAMELA-based bounds
( )

is tricky because secondaries
are reevaluated in between,
but these are similar or

very marginally stronger



Based on AMS-0OL p/p data (april R015)
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Indirect Detection

d from DM annihilations in halo
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Indirect Detection

d from DM annihilations in halo

Galactic Bulge Norma Arm
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Donato, Fornengo, Salati 1999
Donato, Fornengo, Maurin 2008§

d from DM annihilations in halo
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d from DM annihilations in halo
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Indirect Detection

He from DM annihilations in halo
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Indirect Detection

He from DM annihilations in halo
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Indirect Detection

He from DM annihilations in halo
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He from DM annihilations in halo

DMDM — uli mpy=20GeV Peoa = 195 MeV

BN -

consistent with
antiproton bounds
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T [GeV/n]

some tension *He/D



He from DM annihilations in halo

DMDM — uli mpy=20GeV Peoa = 195 MeV
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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
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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
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DM DM — uu mpym = 20 GeV DMDM — bb  mpy =40 GeV DMDM — W'W~ mpy= 1000 GeV
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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

In five vears, AMS has collected 3.7 billion helium events (charge Z = +2). To date

we have observed a few Z = -2 events with mass around “He. An event is displayed in
Flgure 14 S.Ting - AMS-02 press release - december 2016

; 1 0—12 Pcoal = 195 MeV




v\,‘...-)
DM not seen yet. P&

Constraints are stronger and stronger.

constraints are interesting

and competitive with (e.g.) Samma ray ones.
But they have important uncertainties.

Antideuterons are challenging
but potentially very rewarding.

Antihelium is probably hopeless.
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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
b.(T.7
o\ lo) = 4W<A@M) %;2O”de




Propagation for antiprotons:

of 0
2 . b
py K(T)-V“f - 3 I — ) — 2h 6(2) Dann f
diffusion convective wind spallations
K(T) = Ko (p/GeV)°
1’ kinetic energy
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Einasto
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What if a, signal of DM is already hidden
in Fermi diffuse v data from the GC?

Using events with accurate
directional reconstruction

20108

i
o
—
o
=)

35.25 eV
NFW, y=1.2 2.15 x 1072% em3/s

E2 dN/dE (GeV/em?/s/sr)

5.0

Best fit:

. . : ) .
B : ~35 GeV, quarks, ~thermal ov
compelling case o
fOP a’nnlhlla’tlng DM As found in previous studies 8, /9], the inclusion of the
dark mattcr template dramatically improves the quality
of the [it to the Ferrne data. For vhe best-[il spectrum and

— —— et

halo profile, we find that the inclusion of the dark matter
template improves the formal fit by Ay? ~ 1672, cor
responding to a statistical preference greater than 400.




What if a, signal of DM is already hidden
in Fermi diffuse v data from the GC?

Benchmark propagation models
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Antiproton constraints may be
very relevant! But not robust.
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Assumption: fixed solar modulation

Result: hooperon excluded
(except unrealistic THN)

Fermi-LAT excess }




What if a, signal of DM is already hidden
in Fermi diffuse v data from the GC?

Antiproton constraints may be
very relevant! But not robust.
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Assumption: flexible solar modulation
Result: hooperon may be excluded or not

Fermi- LAT excess }




What if a, signal of DM is already hidden
in Fermi diffuse v data from the GC?

Benchmark propagation models
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Antiproton constraints may be
very relevant! But not robust.
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Assumption: conservative solar modulation

Result: hooperon probably reallowed
(except THK models)

Fermi-LAT excess }




What if a, signal of DM is already hidden
in Fermi diffuse v data from the GC?

Benchmark propagation models

Antiproton constraints may be
very relevant! But not robust.

IVJ
g
O
.
P
>
b
N

Assumption: conservative solar modulation

Result: hooperon probably reallowed
(except THK models)

Fermi-LAT excess }

NB Conclusion differs from

which finds exclusion / strong tension



Antiproton constraints compared:

210
Benchmark propagation models

1,04, 100% bb
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May be very relevant! ‘Rule out’ or ‘Significantly less stringent’.
But not robust. ‘considerable tension’.

How come?!%



Antiproton constraints compared:

210
Benchmark propagation models o 1,04, 100% B b
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May be very relevant! ‘Rule out’ or ‘Significantly less stringent’.
But not robust. ‘considerable tension’.

How come?!? The devil is in the (CR propagation) details:
solar modulation, convection, primary injection spectrum, tertiaries...



