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* High Energy Astrophysics with AMS
* The AMS-02 Detector, and the Measurement Methods
®* Expected Physics




AMS-02 experiment

High Energy Particle Physics in Space (ISS):

-

« Large Acceptance, Long Duration - High Statistics <

« Charged Particles & Nuclei Spectra
« High Energy Gamma Rays

Physics goals:

« Search for Primordial Antimatter by Direct Detection of Antinuclei (He/He<10-9)
« Dark Matter Signatures in p, e*, d, y spectra

* Production, Acceleration and Propagation of Cosmic-Rays

e Solar Modulation
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CR spectrum and AMS-02 expectation

Differential fluc I:rn2 sr s MeV/nucleon) -l

C2 on HEAO-3 PAMELA on DK1
(1979) (2006)
Perigee £ Apogee 490 £ 510 km 350 £ 600 km
Inclination 44° 70°
At 600 days 3 years
Acceptance 4 cm?2¢sr 21.5 cm?¢sr 0.45 m2¢sr
Energy 600 MeV/n — 35 GeV/n 100 MeV/n — 250 GeV/n 700 MeV/n — 1 TeV/n
Charge distinction Z-26 Z-6 Z-26
Mass reconstruction no yes yes
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Cosmic Nuclei Astrophysics
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Cosmic Nuclei Astrophysics
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AMS-02 Detector

® Cryogenic Superconducting Magnet of 0.8 T

® TOF: 4 layers of scintillators (150 ps resolution) g
® Tracker: 8 layers of Si detectors (10 (30) um)

® RICH Detector (AR/B=0.1/Z %)

TCE (52752)

® TRD Detector: p/e rejection in 103

E
=2
: . . _—Le ©
® Pb/Sc EM Calorimeter: p/e rejection 104 20 e T
(300000 Ct annels) 73]
Sy
S
&
® Geometric acceptance of 0.45 m2¢sr "
® Z measurement up to Iron s
oL
® Aglobal statistics above 100 particles T SR
-«2RE35E
® Detector redundancy (charge, velocity) S I

® Trigger: TOF, ACC (no ACC for ions) or ECAL for v
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Charge measurement

The charge evaluation is redundant (g—;) bethe x 72
® Tracker, TOF: energy deposition by ionization
® RICH: number of photons in the Cherenkovring —— Noy o 72N, [1 _ ﬁ]
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Rigidity Resalution |%)

Rigidity measurement

The AMS-02 Si Tracker:

® Silicon double-sided sensors

® 8layers arranged in 5 planes

® Resolution < 10 um in the bending direction
® Arrigidity determination of 2% at 10 GV
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Velocity measurement

Redundant measurements
® TOF: B = AL/At with AB/B = 1%
® RICH: B with AB/B = 0.01%
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Mass measurement

The AMS-02 spectrometry

® Tracker for rigidity and charge

®* RICH for velocity and charge A 2 > AB)2 ARN2
® |sotopic distinction up to 10 GeV/n ( m ) R (7 T) ( R )

E,Hm: 4. 79-5.75 Gev/nuc
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Mass measurement

The AMS-02 spectrometry

® Tracker for rigidity and charge

®* RICH for velocity and charge (Am)Q ( 2A6)2 n (AR)Q
* |sotopic distinction up to 10 GeV/n m —\7 B R
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Long term measurement

After 3 years of “full“ magnetic spectrometry:
® Lowering TRD gain by a factor 20

® Measure vy for charges up to Iron

® 10 - 30 % energy resolution

® From 200 to 4000 GeV/n
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Expected Physics

0.05

o
~~
©

0.04

0.03

1
:'\\
002 N '= :

0.01

10
Ex;, (GeV/nuc)

O ¢ AMS-02 (6 months)
E o Dwyer et al.
o HEAO-3
A |ISEE-3
® Spacelab-2
2 B -
- 107 particles
o
0.1}
:7 Strong & Moskalenko
0 Ll el el Ll el
10" z 10°

1 10 10
Kinetic Energy (GeV/n)

015

0.1

005 -+

1lday

d4xrn

*

4

= 3
Y \.O‘
- T I T ‘[ l\
| >
- \\
e

SSMOE

]f

oe,
ol
| ; P
_*.hl_
—

i _’|‘_ 106 particles
$-t-
| | |
-1
10 l 10
Ey,, (GeV/nuc)
B ISOuAX 1 year
*
v
I~ &
; . ér
o

107 particles

rJO
Ey,, (GeV/nuc)

Rome ICAPO7 — 21/06/2007 — A. Oliva =——



Conclusions

« AMS-02 in the integration phase and will be installed on the 1SS in 2009

« AMS-02 will perform high statistic measurement of all chemical species up to Iron
In CR in a wide energy spectrum

 AMS-02 will play a key role in the CR Astrophysics studies

THANK YOU




