Detection and measurement of y rays
with the AMS-02 detector

Alpha

Magnetic
Spectrometer

on ISS

[400 km altitude]

Loic GIRARD

IPNL-Lyon / LAPP-Annecy
On behalf of the AMS collaboration




Outline

1. AMS-02 scientific goals and detector in preparation
2. y-rays detection with the AMS-02 detector

3. y-rays physics potential with the AMS-02 detector




AMS-02 spectrometer on ISS from 2008

* CR acceptance : 0.5 m?sr

e Data taking time : at least 3 years

Measurement of identified charged particles [R=pc/IZI =0.5 GV-several TV]
Primordial antimatter detection

v-rays detection [E=1GeV-1TeV]
Indirect detection for [x % annihilations =
non-baryonic Dark Matter e*, P, d, v, spectra distorsions]




AMS-02 detector
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single y and e*
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3D-imaging ECAL [>16 X, ] + Tracker

3 superlayers (out of 9)
1 superlayer = 11 grooved lead foils
(thick~Imm) + 10 layers of
scintillating fibers (J = 1mm)

166.5mm |
324 PMT’s

1 PMT= 4 anodes + last dynode
dynamic range : MIP — 1TeV

anode granularity : 8 double-sided layers [6.5 m?]
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Angular and energy resolutions
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Sky observability

ISS trajectory :

e one orbital period = 92 minutes [ie 15.6 revolutions/day]

 one precession period = 71 days[ie dC2/dt~5°/day]

ECAL opened angle ~ 23°

Time observation
by ECAL ( x103 sec)
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Survey time ~ 1 year

Galactic Center (SBH, SNRs, nQSOs, ...) Vela




Signal and background
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* . ~16-19%

Tracker : y — e*e” (P, _, %, )

signal : 2 opposite tracks,

common vertex, low invariant mass

background : protons, d-rays

ECAL : single vy

signal : electromagnetic shower,

no signal in others detectors

background : protons

To get a ~1 % background-to-signal ratio,
an 10° background rejection must be reached




Tracker
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Acceptance (y — e*e’) = 0.06 m’sr with
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ECAL Discriminant variables

- based on the shower development
- based on the direction of the shower

10° downward 50 GeV
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Electromagnetic Calorimeter
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Prospect for diffuse y-rays
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Galactic and extragalactic y fluxes will be precisely measured.

AMS-02/ECAL, 3 years
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* < Point sources
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PSR Vela : y-emission models

2 models [Polar Cap and Outer Gap models]

B
T / % differ on the mechanism of the Y-emission,
L _Pli"_ can be discriminated by :
i Bl —  luminosity
E — correlation radio/y

— spectra measurement in 5-50 GeV range
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AMS-02 prospect for the Vela Pulsar

Flux [photons]
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v-emission models are discriminated after 1 year of data taking.
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SUSY Dark Matter in the Galactic Center

spectrum deviations on y-flux from 7y annihilations
depend on :

O(_\ D * DM profile
J e SUSY parameters (masses, coupling)
détecteur
* % relic density
dn /(dtdSdQ) = (1/4m) x [<ov>N,/ m ] x [<I>=; o4f p, ds]
e monochromatic lines : x) — vy, Xx — YZ
 hadronisation continuum with production of x’
X forx Ty foo W X z
fy | - | > a Xi ¥
I y / I
X Foax FIoooX oo W X Z

vx — bb — n’, dominant mode
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Result for 1 set of parameter in mSUGRA

W. De Boer et al., hep-ph/0309029
[m(%°) =207 GeV, m(h)= 115 GeV, Qyh?=0.114, <J> = 5535]
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Long calorimeter data taking will improve the AMS-02 sensitivity to New Physics.
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Conclusions and prospects

 AMS on the ISS will perform precise measurements of the various
Cosmic Rays over a long period of time, providing important informations
on their origin and propagation.

e y-rays will be measured in the GeV- TeV energy range with excellent
energy resolution and good angular determination.

e y-rays Physics Potential of AMS is
good for : Pulsars, Dark Matter searches
promising for : Active Galactic Nuclei and Gamma Ray Bursts
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