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© NASA E/PO, Sonoma State University, Aurore Simonnet

e} ,v‘
e, e u
, € pair
Energy range : 20 MeV - 300 GeV

Launched Data available in public:

in June/2008 http://fermi.gsfc.nasa.gov/ssc/
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Summary of DM 11m1ts 5
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The GAMMA-400 apparatus

1000

500

480

electronics

11/1/2013

AC top

AC lat

$1 (TOF)

s2 (toll)
$3
LD

base
plate

GAMMA-400 characteristics:

* adual instrument for photons
(100 MeV +1TeV) and cosmic
rays (electrons ~ 10 TeV and high
energy cosmic-ray nuclei, p and He
spectra at the “knee” (1014 — 1015 eV);

» State of the art Si-W converter/tracker
with analogue read-out;

* 3-D, deep, homogeneous calorimeter
with excellent resolution and large
acceptance.

28 x 28 x 12 Csl(Tl) cubes ‘

Leubes = 3.6 €M

CC2 dimensions: 1x 1x 0.47
X,:54.6x54.6x234
Az2.5x2.5x2.1

Mass = 1980 kg

Planar GF: 9.5 m2sr

GFyyp o 11 TeV~ 3.4 m2sr

GF ofr. pror. * ¢V~ 3.9 msr

V. Bonvicini - IEEE NSS 2013 63



CALorimetric Electron Telescope overview LKA

———— = —

CALET, project is a Japan-led international mission for the
International Space Station, in collaboration with Italy and the US.

Weight: 650 kg

Mission Life: 5 years

Launch Target: by March, 2015
(Fiscal Year 2014)

The CALET payload will be launched by the Japanese carrie
H-II Transfer Vehicle 5 (HTVS) and robotically attached to tt
port #9 of the Japanese Experiment Module — Exposed Facili

(JEM-EF) on the International Space Station.



- Cosmic-ray ant1part1cles




2012¢,Ajcentury of Cosmic Rays

Until 1950’s, new particles’had been
discovered in Cosmic Rays

 Even after accelerators took over,
Cosmic Rays play important
role in Particle Physics

A\ E&DaAndersonfdiscovered
positron andimuon¥(@932yandsl936)




GEV-TEV > =
Direct measurements §
with balloons and

in space

GeV:

Fundamental physics
with antiparticles

| m™ yr"




First observation in 1979 -— l@
- Ve 210
Significant excess p 107}
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in low energy % ¢
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Magnetic spectrometer Spark chamber Kinetic Energy (GeV)



Kinematic constraints <=

in low energy %

* Spectrum has a peak 9
Secondary production g
DR PPPP... -
Sl

| a z

. ‘ . collis.lon_ q-
; \

secondary
- .
relativistic proton — antiproton

o

proton at rest

(cosmic ray) (interstellar gas)

10 F
———
-2
10 F I
xGoldenetal. 1979\
° Bogomolov et al. 1979 \
» Buffington et al. 1981
3
paal ikl g anaal
10
10 | 10

Kinetic Energy (GeV)
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Primordial Black
Holes (PBH) — pp
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Magnetic Rigidity

Curvature — Rigidity €, P
p =qepB [eV/]

R =cpB (R =pclqe[V]) sy

--—-_——
g - ——

R/cv=0.3 (,0/m) (B/Testa)

q <0 — R<( y
e.g. J
p=1GeV/c, g=1(R=1GV),
B=1Tesla — p=33m

®
=)

\ R =pclge

<



ACL/R) e e L

R? 0.3BL>

e.g.
B=1Tesla,L=1m,As=0.1 mm

— AR/R=2.7 % (R =10 GV)

K

R =pclge
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Example: BESS

Balloon-borne Experiment
with a Superconducting ;pr/pc
Spectrometer Rigidity

7.

pan-US collaboration) dE/dx
L= | P . -
UTOF
LTOF
B
dE/dx
MTOF ~ s

lllllllllll




Example: BESS

Balloon-borne Experiment
with a Superconducting ;pr/pc

7.

Spectrometer Rigidity
(Japan-US,collaboration) dE/dx
>
UTOF
LTOF
B
dE/dx
“‘: MTOF “ s
*~BESS-Polar ACC
insAntarctica

lllllllllll




L425:days flight
gl over Antarctlca
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® BESS-Polar Il

A BESS95+97 7]
.“,
—_— |
o || oz 0 Sec: Mitsui ef al. [6]
VL. SR 6=600 MV
A e, = R Normalized @ 2 GeV
= T~ ——1 Sec+Pri(A)
£y “s._ === 2 Sec+Pri (B)
Maki et al. (5]
- A PBH (R=5.0x 10"‘pc dyrl)
-==- B PBH (R=4.2x 10" pe-3yr)
$=600 MV " B
'~‘.A .\'\
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Secondary BG is much
more suppressed

than antiprotons

The first upper limit
published by BESS
H.Fuke et al., PRL 95 (2005) 081101

This work

.5: d upper Ilmit (97 -00)

[ PBHd (included in th|s paper)

Ref. [29]

T2 leessonnorp T m‘
: Ref. [7 Ref. [3]
% - ef. [7] 34 @M .
» i ? neutralino p
o2 10 3 . Ret. [5) .
=
- :
x 5
= 4
L 10 3

- 19x10™ (95%CL) e\

N neutralmod

10

Kinetic Energy (GeV/n)



» Secondary BG is much

more suppressed
than antiprotons

* The first upper limit

published by BESS
H.Fuke et al., PRL 95 (2005) 081101
* The new limit with

BESS-Polar 11

K.Yoshimura et al.,

COSPAR (2014) Moscow

iy
o

™
'
w
T
%

Flux (m?%s sr GeV/n)
™ -‘} T I

i
o

10

10

10

A-n.ti-deut

1
N
L

E 1.9x 107 (95%C.L)  \

: x~208GeV,0h240.05)
B[ | Ref [4]
. (97-00) g (R~22x10pcyn)
; \
L This Work (BESS-Polarll)

PBH D Included in this paper
~(R~2.210%CHn

"M. SUSYD
1 (Mx~61GeV,Qh~0.[13)

T
RefN3] \ %

8[  (p25x10°gkg, X

10" 1 10

Kinetic Enerav (GeV/n)



GAPS detects atomic X-rays and

% annihilation products from exotic atoms
d / Plastic Scintillator TOF

/

Atomic Transitions

‘ -~‘\
Auger e

Si(Li) Target/Detector

Refilling e .

~

Exotic Atom

X-ray
30keV M 11
s (2) =Ry | 5~
A time of flight (TOF) system tags m, n; on;
candidate events and records velocity
The antiparticle slows down & stops in a KitiaiaE
target material, forming an excited exotic Annihilation

atom

Deexcitation X-rays provide signature

Annihilation products provide added
background suppression

X-ray yields were measured at KEK in
2004 and 2005

C.J. Hailey Dark Matter 2014




Background free at low energy!

10°

l || 1 T Illl' 1
e
m, = 30 GeV

-—
o
NN

GA AMS

LDB Syears s - LZP

m zp= 40 GeV

GAPS Target :
Antarctic flight
in 2018-2019

—
<
(&)

Secondary

&
.....
»
-

— — —
© o o
[o¢] ~ D

Antideuteron Flux [m-2 s sr' (GeV/n) ]

—
&
©

LSP: Donato et al., 2008
LZP: Baer et al., 2005
BKG: Ibarra etal..|2013

1 1 L 1 1111 1

10-10 1 |||||||." 1 L1y
0.1 1 10 100

27-8:2014.:(. .. Hai/ey Dark Matter 2014 Kinetic Energy per Nucleon [GeV/n]

Antideuterons provide clean DM signatures
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Primordial Black
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TOF (81) jmr—

) S

Payload for Antimatter Matter
Exploration and Light-nuclei
Astrophysics

TOF (82) [ ’

SPECTROMETER

TOF (S3)

| CALORIMETER
Launched - | |
- O [
in June/2006 i}, “ U ‘ 1
by Soyuz-U rocket e 3 R0
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'. limitfrom PAMELA antiprotons

" Solar modulation with force field !

1x10°%

5x10°%

=N D | e T eny m
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@ 0.001 | —
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5 Vv
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<'_' : 10 15 20 30 50 70 100
S o m, [GeV]
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—e— PAMELA 2010

‘ \,
| N
o))
05 B/C range (a,,.=1, =500 MV) te
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Antiproton /Proton Ratio,
2
A

_ Donato et al.,

| |

PRL 102, 071301 (2009)

="
i

Secondary
background
estimation relys
on CR data
e.g. B/C ratio, ...

L 3 2 k3t \ 1

__________

xx — WW- N
m, = 1 TeV
BF =40

L il 1 eenl \ \

10

102

Kinetic Energy (GeV)



Alpha Magnetic Spectrometer
(AMS-02) on the ISS

Installed on 19/May/2011

"’AMS is contmu@)usly recc)rdm






ECAL-Estimator

LI

Separation of e- and p
in 50-100 GeV
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—
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—
—
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1 1 lllllll
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Q x TRD-Estimator

E'MﬁGa!lori-meter
(17 X))
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, 2 LsAntipretensdentification in AMS

— Positive

= Negative

— Positive x 10
-=- Negative

AAAAAAA

4 ,0
Mass (GeV/c?)




of DM search

|

-
N

= 3

‘
® AMS (10 years, BG only)

® AMS (10 years, BG+DM)

=
3]

L_Illlllllllllll

Antiproton /Proton Ratio x 107 2

Adapted from Donato et al,,
PRL 102, 071301 (2009)

l =i L A

L l L A 3 | 1
300 400 500
Kinetic Energy (GeV)
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Charge resolution AZ (au)

for Carbon (Z=6)
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Positron fraction
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~ ' Indirect DM searches — Conclusions "

~« Indirect dark matter searches have entered .
a precision era after Fermi-LAT and AMS-.OZ |

~+ A striking DM signal seems now unexpected
we have to search for tiny effects VS 1mportant

astrophysmal contributions.

-\ multl-channel approach should be important
and powerful
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