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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
SK, Icecube, Antares
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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

— Fiducial
Uncertainty from: Cross-sections
Propagation
B Primary slopes
Solar modulation
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Indirect Detection

Background computations for antiprotons:

Sagittarius Arm  ° . Local Arm
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Main ingredients:
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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
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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 :
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:1504.05175 R Kappl,A. Reinert and M.W. Winkler, arXiv:1506.04145

x10™ ; - .
:,Sng, B/C with AMS-02 preliminaz B/C data

by AMS-02 3.1

AMS-02 bip data

B/C best fit in sample
—— - D0 Dest I in sample

propagaton uncertantes

using nuclear uncertainties
p, He by AMS-02 and CREAM,
10 102 B/C by AMS-02,
Kinetic Energy [GeV] heavier nuclei by compilation




Based on AMS-02 p/p data (april 015)

Astrophysical uncertainties on the constraints

= Einasto MED
— Varying halo profiles

— — Varying propagation parameters

| |
O
D)
)]
~—
=
O
[E—
S
>
b
N
-
o
o p—
~N—
O
O
N
g
g
o
—
O

100 1000 10000
DM mass mpp [GeV]




Recent developments

finds a possible excess

(formally ~4.50)

Y o | mom = 80 GeV, bb,

2 o region

pbar/p AMS-02 2 & region thermal cross-section

Best Fit pbar/p AMS-02
Best Fit (no SM) Best Fit
- Tertiary

similarly:

(light mediators)

(but only 1o)

— bb standard
- = zy=2kpc
— zy=Tkpc

==* noconv.

— Limit bb
—— Limit dSphs: Ackermann (2015)

B 1-30c DM detection
Systematic uncertainty

di Mauro et al.
bb Burkert
1GV

mpm [GeV]



Recent developments

1 o region

2 o region

pbar/p AMS-02

Best Fit

Best Fit (no SM)
- Tertiary

LN ]
T Ry

— bb standard
- = zy=2kpc
zp=Tkpc
-+ noconv.
di Mauro et al.
bb Burkert
- 1GV

finds a possible excess

mpwv = 80 GeV, bb,
2 & region thermal cross-section

pbar/p AMS-02
Best Fit

similarly:

(light mediators)
ST S -

i s s
| cd o
(but only 1o)

criticisms:
propagation parameters

determined with
p, He data only,

—  Limit 6 w/o B/C
—— Limit dSphs: Ackermann (2015)
Bl 1-3c DM detection
Systematic uncertainty E excess evaporates

including low energies

mpm [GeV]



Recent developments

finds a possible excess

N E |
mpm = 80 GeV, bb,

o region ;
pbar/p AMS-02 2 a region thermal cross-section
Best Fit pbar/p AMS-02
Best Fit (no SM) Best Fit

- Tertiary

. similarly:
1 —L b [ / [ TI1]
A N I R A I (light mediators)

I VP A 5 I TR .-
I N ot i ] ) b s s

(but only 1o)

on the other hand:

B/C and p probably probe
_ different regions
L — Limit b it’s a very tricky region,

di Mauro et al.
bb Burkert
= 1GV

—— Limit dSphs: Ackermann (2015)

B 1-30c DM detection
Systematic uncertainty

cool things can hide there

mpm  [GeV]



Recent developments

1 0—25

— Observed 95% CL excess exists

10726 /i / . Expected + 10

Expected * 20 but Significance ~10,

1077 , o Thermal Relic given all uncertainties

10—28
50 100 500 1000

mpm [GeV]
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3 leptophlllc DM DM — uu, NFW profile
- mpym > few 100 GeV

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

- huge annihilation
Cross section

FERMI e
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+ VERITAS e= 28
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However:

» increased precision brings increased tension
“The tmproved acewracy of AMS-02 [...]
now excludes channels pre\/iousl,g allowed.”

» combination of annihilation channels are possible

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

=== Planck TT,EE,TE+lowTEB
WMAP9

-+ CVL
Possible interpretations for:
AMS-02/Fermi/Pamela
Fermi GC

Thermal Relic
Jefr < ov >

"0
~
™
S
-,
N
)
©
V
5
S

100 1000 :
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HAWC sees ICS TeV y-rays
from ~100 TeV ete-
from Geminga and Monogem

Geminga

e* are ‘very trapped’ around these
100 GeV e” pulsars (diffusion is very slow)
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PSR B0656+14
(a.k.a. Monogem)

-300 -250 -200 -150  -100 =30 et cannot reach Earth to explain

X offset [pc] 100 GeV excesses, must be stg else
(DM?)

Geminga and PSR B0656+14 are the oldest pulsars for which a tera-electron volt nebula
has so far been detected. Under our assumption of isotropic and homogeneous
diffusion, the dominant source of the positron flux above 10 GeV cannot be either
Geminga or PSR B0656+14. Under the unlikely situation that the field is nearly aligned
along the direction between Earth and the nearby tera-electron volt nebulae, the local
nositron flux can be increased; however, the tera-electron volt morphology of the sources

natches our isotropic diffusion model. We therefore favor the explanation that instead of
these two pulsars, the origin of the local positron flux must be explained by other
processes, such as different assumptions about secondary production [although that
has been questioned (33; 34)], other pulsars, other types of cosmic accelerators such as
micro-quasars (35) and supernova remnants (34), or the annihilation or decay of dark
matter particles (9).
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Geminga and PSR B0656+14 are the oldest pulsars for which a tera-electron volt nebula

has so far been detected. Under our assumption of isotropic and homogeneous
Criticisms: diffusion, the dominant source of the positron flux above 10 GeV cannot be either
Geminga or PSR B0656+14. Under the unlikely situation that the field is nearly aligned
along the direction between Earth and the nearby tera-electron volt nebulae, the local
nositron flux can be increased; however, the tera-electron volt morphology of the sources

* space-dep diffusion: local # global

natches our isotropic diffusion model. We therefore favor the explanation that instead of
these two pulsars, the origin of the local positron flux must be explained by other
processes, such as different assumptions about secondary production [although that
has been questioned (33; 34)], other pulsars, other types of cosmic accelerators such as
micro-quasars (35) and supernova remnants (34), or the annihilation or decay of dark
matter particles (9).
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100 GeV e*

= e* cannot reach Earth to explain
100 GeV excesses, must be stg else
(DM?)

Geminga and PSR B0656+14 are the oldest pulsars for which a tera-electron volt nebula
has so far been detected. Under our assumption of isotropic and homogeneous
diffusion, the dominant source of the positron flux above 10 GeV cannot be either
Geminga or PSR B0656+14. Under the unlikely situation that the field is nearly aligned
along the direction between Earth and the nearby tera-electron volt nebulae, the local
nositron flux can be increased; however, the tera-electron volt morphology of the sources

natches our isotropic diffusion model. We therefore favor the explanation that instead of
these two pulsars, the origin of the local positron flux must be explained by other
processes, such as different assumptions about secondary production [although that
has been questioned (33; 34)], other pulsars, other types of cosmic accelerators such as
micro-quasars (35) and supernova remnants (34), or the annihilation or decay of dark
matter particles (9).
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100 GeV e*

=30 e* cannot reach Earth to explain

100 GeV excesses, must be stg else
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Geminga and PSR B0656+14 are the oldest pulsars for which a tera-electron volt nebula
has so far been detected. Under our assumption of isotropic and homogeneous
diffusion, the dominant source of the positron flux above 10 GeV cannot be either
Geminga or PSR B0656+14. Under the unlikely situation that the field is nearly aligned
along the direction between Earth and the nearby tera-electron volt nebulae, the local
nositron flux can be increased; however, the tera-electron volt morphology of the sources

natches our isotropic diffusion model. We therefore favor the explanation that instead of
these two pulsars, the origin of the local positron flux must be explained by other
processes, such as different assumptions about secondary production [although that
has been questioned (33; 34)], other pulsars, other types of cosmic accelerators such as
micro-quasars (35) and supernova remnants (34), or the annihilation or decay of dark
matter particles (9).
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. A large part of this difference below 30 GeV

is due to the lack of correction in the previous analy-
sis for the loss of CREs above the geomagnetic energy
cutoff. After applying this correction, the remaining dif-
ference is 10-15% and is due to imperfections in the sim-
ulation that was used in the previous analysis (remnants
of electronic signals from out-of-time particles were not
simulated [34]).




‘/"‘E=4F.|.‘E;.

PAMELA 2008
PAMELA 2010
FERMI 2011

AMS-02 2014

=
]
=
Q
s
g
=
]
=]
o=
7]
]
(o}

E3 (e~ +e*) GeVZ/cm? sec sr

HESS 2017 prelim
FERMI 2017

AMS 2014

10 100 1000 102
Positron Energy [GeV] Energy [GeV]




‘/"‘E=4F.|.‘E;.

PAMELA 2008
PAMELA 2010
FERMI 2011

AMS-02 2014

=
]
=
Q
s
g
=
]
=]
o=
7]
]
(o}

DAMPE 2017

E3 (e~ +e*) GeVZ/cm? sec sr

HESS 2017 prelim
FERMI 2017

AMS 2014

10 100 1000 102
Positron Energy [GeV] Energy [GeV]




‘/"‘E=4F.|.‘E;.

PAMELA 2008
PAMELA 2010
FERMI 2011

AMS-02 2014

=
]
=
Q
s
g
=
]
=]
o=
7]
]
(o}

DAMPE 2017
CALET 2017
HESS 2017 prelim
FERMI 2017

E3 (e~ +e*) GeVZ/cm? sec sr

AMS 2014

10 100 1000 102
Positron Energy [GeV] Energy [GeV]




‘/"‘E=4F.|.‘E;.

PAMELA 2008
PAMELA 2010
FERMI 2011

AMS-02 2014

=
]
=
Q
s
g
=
]
=]
o=
7]
]
(o}

E3 (e~ +e*) GeVZ/cm? sec sr

DAMPE 2017
CALET 2017

AMS 2014

10 100 1000 102
Positron Energy [GeV] Energy [GeV]




=
]
=
Q
s
g
=
]
=]
o=
7]
]
(o}

/e++e-

PAMELA 2008
PAMELA 2010
FERMI 2011

AMS-02 2014

10 100

Positron Energy [GeV]

1000

E3 (e~ +e*) GeVZ/cm? sec sr

DAMPE 2017

102

Energy [GeV]




frenetic activity in December 2017
(38 papers / 29 days)
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frenetic activity in December 2017
(38 papers / 29 days)

- leptonic channel (ete- or utr)

- nearby (0.2 kpc) huge (108 Msun) DM clump
- for large flux
- for peaked spectrum
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Indirect Detection

He from DM annihilations in halo
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N\ ‘coalescence’ -~

4

k2 2 k3 < Po a bit arbitrary:
Cirelli, Fornengo, Vittino, Taoso 2014 - i :hd
Carlson, Linden, Ibarra, Profumo, Wild 2014  esee e Coalescence momentum po = 195 eV



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

consistent with

10 :
antiproton bounds
T [GeV/n] P




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  mpy=40GeV  peoa = 195 MeV DM DM — 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
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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]

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

-4
10
BEsg eXCludgy

107°
AMS-02 reach

1078

1071 \\\\\\\“\\\\h\\\

2 ~=12 a L.aA-12

In five years, AMS has collected 3.7 b11110n helium events (charge Z = +2). To date

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

—e— 10—12 Pco: a\=195 MeV




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]

DMDM — uu  mpy =20 GeV DMDM — bb  mpy =40 GeV DMDM — W'W~ mpy = 1000 GeV
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Y]
=195 Me PP

-e- 10—12 Pcoal =

7 /years AMS has collected 3.7 b11110n helium events (charge Z = +2). To date
we have observed a ¥w Z = -2 events with mass around He. An event is displayed in
Flgure 14 e/ hzl S.Ting - AMS-02 colloquium @ CERN - June 2018




He from DM annihilations in halo

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

He3bar I 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

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

He3bar I 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
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Kinetic energy per nucleon, T (GeV/n)




Strumia, J. Zupan to appear
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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
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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

oolution:
- multimessenger - switch-off astrophysics
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DM exists

20
Radius (kpc)

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

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




DM exists

NGC 6503

20

Radius (kpc)

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?
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flux oc
Astro reference cross section:

cosmo ov = 3 -10"*°cm? /sec



From N-body numerical simulations:

NFW :

Einasto :
Isothermal :

Burkert :

Moore :

At small r: p(r) oc 1/r7

6 profiles:

Cuspy:
mild:

smooth;

L+ (r/ry)”
pS

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

)

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]
57107 30’ 1° 2° 5°1020°45°

T

1 1 1 1 1 1 1 1 ™
\

Cirelli et al., 3
10]2.4515




Local clumps in the‘._,

Hor illustration:

Milky Way

Resalved Clumps

-,

Milky Way

e

Kuhlen, Diemand, Madau 2007 rane:

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

0 %,
a{ K(T) . VZf | Oz (SlgH(Z) f‘/conv) e Q — 2h (S(Z) 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 :
ot K(T) -V f | 5 (SlgD(Z) f ‘/;onv) o Q e 2h(5(2) Falcmf
diffusion convective wind spallations
K(T) = KoB (p/GeV)°
I’ kinetic energy
Annihilation
Einasto
Model §  Kpinkpc?/Myr L in kpe Vieny in km/s %g\())&e
min 0.85 0.0016 1 13.5 = Isothermal
med  0.70 0.0112 4 12 < Burkert
max  0.46 0.0765 15 5 S
&
g
Solution: o ‘g
' 1
B |d‘N'I])-f | E
(I)ﬁ(T, o <O'U>[¢ 1T : %
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Galactic Bulge j‘-v;{,,i‘~~,_ .

Outer Arm SR, e - : ) Carina Arm

v Local Arm
Sun .



Indirect Detection

d from DM annihilations in halo

) ‘ Norma Ara

Galactic Bulge ‘
*K
® ()

Scutum Arm
Crux Arm

Carina Arm

4

Quter Arm

\

Perseus Arm

Sagittari _ '
y d3N - A7 d3Nﬁ d3 N
Vit = =D - Y
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’ ’ \ j of radius around k;
Br&auninger, Cirelli 2009 N\ ‘ y 4§ . i g
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Kadastik, Raidal, Strumia, 2009
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Vittino, Fornengo, Maccione 2013 ~
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Indirect Detection

d from DM annihilations in halo

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

Outer Arm Carina Arm

& ’
i

Perseus Arm

- Sagittari &
& .
y 7_d3NJ 3 47rpgv TN
d = e o MO InT 5
33 :
dk? 3 ‘event-by-event
| i B ' ‘
Donato, Fornengo, Salati 1999 “‘. d d-density in pro ,-aﬂl- m v Wlth PYth|a.
Donato, Fornengo, Maurin 2008 \\ p I sDce of ;?:N\;ill{gn;l g
. . g g \ ‘/, : ad | ’»7 (
Bréuninger, Cirelli 2009 ‘Coalescence’ sy

Kadastik, Raidal, Strumia, 2009

S ./ coalescence momentum
Vittino, F go, Macci 2013 ) 7~ — =
Aramakiotal, 2015 N— po = ks — kn| ~ 80 — 200 MeV



d from DM annihilations in halo

Scutum Arm

Quter Arm

Perseus Arm

Sagittariygl

/
A

|
Donato, Fornengo, Salati 1999 l
Donato, Fornengo, Maurin 2008%
Brauninger, Cirelli 2009 \
Kadastik, Raidal, Strumia, 2009

Vittino, Fornengo, Maccione 2013 )

Aramaki et al., 2015 ——

‘coalescence’/

po = 195 4+ 22 MeV

012 0.14 0.16 0.18 0.2 0.22

Po [GeV]

Vittino, Fornengo, Maccione 2013

NB naive guess would be po= VEr mp =47 MeV
(with Ep the d binding energy): not too far...

) coalescence momentum



d from DM annihilations in halo

—
=
N

heavy DM

—
Q
w

BESS limit
Wino DM

m = 500GeV
Secondary

; 30keV 67keV

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

100

: 1 10
Kinetic Energy per Nucleon [GeV/n]

DM signal in the reach
of GAPS and AMS-02
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Indirect Detection

He from DM annihilations in halo

\

f * 3
‘ ]
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Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

Outer Arm Carina Arm

4

Perseus Arm

- Sagittari

:

3 event-by-event

| n
O . _& k1 — k2| < po with P)'thla
\\  p y

k1 — k3| < po
N\ ‘coalescence’ -~

4

k2 2 k3 < Po a bit arbitrary:
Cirelli, Fornengo, Vittino, Taoso 2014 - i :hd
Carlson, Linden, Ibarra, Profumo, Wild 2014  esee e Coalescence momentum po = 195 eV



Indirect Detection

He from DM annihilations in halo

4

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

Quter Arm

\.
-
ii

Carina Arm
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Cirelli, Fornengo, Vittino, Taoso 2014 = COoa I e€scenc )

Carlson, Linden, Ibarra, Profumo, Wild 2014 T~
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Indirect Detection

He from DM annihilations in halo

4

Galactic Bulge Norma Arm

Scutum Arm
Crux Arm

Quter Arm

\.
-
ii

Carina Arm

=

Perseus Arm

- Sagittari

n
O

| ')§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
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He from DM annihilations in halo

DMDM — uu mpy=20GeV peoa = 195 MeV DMDM — bb  mpy=40GeV  peoa = 195 MeV DM DM — 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

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]




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]

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

-4
10
BEsg eXCludgy

107°
AMS-02 reach

1078

1071 \\\\\\\“\\\\h\\\

2 ~=12 a L.aA-12

In five years, AMS has collected 3.7 b11110n helium events (charge Z = +2). To date

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

—e— 10—12 Pco: a\=195 MeV




He from DM annihilations in halo

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

He3bar I 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

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 in 5yrs in AMS possible,
find very high bkg calibrating on ALICE data § marginally compatible with p, D

He3bar I 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

T
=
N
>
5
)
&
0
[a]
g
KA

10°
kinetic energy [GeV/nuc]

Kinetic energy per nucleon, T (GeV/n)



