Cosmic Ray Physics with the
Alpha Magnetic Spectrometer

Simonetta Gentile

Universita di Roma La Sapienza, INFN
on behalf of AMS Collaboration

Simonetta Gentile
Rencontres du Vietnam,Hanoi 2004



e .
NW Outline

» Introduction

» AMSO02 Spectrometer

» Cosmic Rays: origin & propagations:
 Dominant elements: protons, He .....
 Light elements: Be, B

 Heavy elements: C, Fe

 Cosmic ray clocks : Be

» Gamma Rays

» Search for Antimatter

» Conclusions
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Dimensions 3m x 3mx3m,7 t Large acceptance ~0.5m?sr.
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HWhe Alpha Magnetic Spectrometer

On International Space
Station from beginning 2008

[{[11] IIIIIIIIIIIIIIIIl‘lIIIIIIIIIIIIIIIII IIIII > Stlldy Of charged
, "‘ ALt -"’ particles and nuclei with
s s s~ / '''''''''''''' rigidity 0.5 GV- few TV

* Direct search for
(s ffif_.'} antimatter (antihelium)

B * Indirect search for
i Dark Matter .

Total statistics expected above 10 19 _

events le
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AMS: A TeV Magnetic Spectrometer in Space
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r _ _ .
Y Main Design Characteristics

* Minimum amount of matter (X,) in front of ECAL
eAcceptance (0.5 m2.Sr -> anti-He search.

*Velocity measurement AB/B = 0.1 % to distinguish
'Be,!'Be, ‘He,*He isotopes.

*Rigidity R= pc¢/|Z|e (GV) proton resolution

20% at 0.5 TV and Helium resolution of 20% at1 TV.
sAntihelium/Helium identification factor 100,
Multiple and independant measurements to reach
performances required:

*|Z| measured from Tracker, RICH, TOF.

e Sign of charge Z measured from tracker (8 points).
*Velocity § measured from TOF, RICH.
Hadron/electron separation from TRD, ECAL.
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Z@Wontrains on Spatial Experiment Design

—Thermal Environment (day/night: AT~100°C)
—Vibration (6.8 G RMS) and G-Forces (17G)

— Limitation : Weight (14 809 1b) and Power (2000 W)
—Vacuum: < 10-1° Torr

—Reliable for more than 3 years — Redundancy
—Radiation: Ionizing Flux ~1000 cm2s!

—Orbital Debris and Micrometeorites

—Must operate without services and human Intervention
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'
HWuperconducting Magnet

2500 Liters Superfluid He

Analyzing power

Simonetta Gentile BL2 — 0.8 Tm2
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it
AMS-02 Transition Radiation Detector

Transition radiation is produced when particles cross
boundaries between materials with different
dielectric properties

Significant for relativistic y=E/m >~ 1000

At >~ GeV energies, electrons produce

TR x-rays; protons do not: 3 -300GeV «e+/p rejection

20 layers of 102 -10° in

10u i
Flégczlbre Xe/CO, filled 1.5 -300 GeV
Radiator straw tubes
A Primary for dE/dx, * with ECAL
o TRY TR x-ray e+/p rejection

detection >106
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”W TRD detector

o 20 layers,328 chambers,5248 CERN beamtest with TRD
tubes prototype: proton rejection >
*Mechanical Accuracy <100mm 100 up to 250 GeV at electron
*Assembly in progress efficiency 90% reached
AR AMSTRD Prototype @ e X7 20 Gel
i i 78 ""' [ ubs 5 pectra = e M
A P X760 Gav

p"MC

—
=
.|

/ ETLIHEl'IkEII"'I
Single tube spectra for p+/e separation.
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Z@W Time-of-flight system‘;‘m"’
Trigger—
*Time-of-flight (velocity).
Up/Down Separation

o|Charge| Determination
(dE/dxX)

«120 ps Time Resolution
(test beam)

8 m2Total Area

*4 Planes (2 upper,2 lower)
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*Rigidity (AR/R =~ 2% for 1
GeV Protons) with Magnet
*Signed Charge (dE/dx)

8 Planes, ~6m?

*Pitch (Bending): 110 um
(coord. res. 10 um )

*Pitch (Non-Bending): 208um
® (coord. res. 30 um )

Charge magnitude up Z ~ 26
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ﬂWngldlty measurements

jll!l:!]I“”-l—Sl] -60 -40 kig—:]l:l=iiz:szj:{:::?s 40 60 80 100
pm
g Calculated rigidity
Resolution on rigidity with &0
>
0.8Tm? magnet field: s
c(R)/R ~1.5% at 10GV & _
T TRy BV e

E
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g5
Ring Imaging Cerenkov Counter

Accurate Velocity
Measurements via Openin
P J Aerogel Radiator Cerenkov

Angle of Cerenkov Cone - Cone
Isotopic Separation.

* |Q| measurements up Mirror
Z~ 30

* AB/B =(0.67£0.01)*103%

(test beam)

-Additional Particle Photomultipliers
Identification capability
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v
H‘ Ring Imaging Cerenkov Counter

AMS-02 RICH RICH - Test Beam Results
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'
Ul Charge measurements

Test Results from Tracker detector

 Measured by TOF, 1055 1 ee ﬁFNeNyg
Tracker and RICH. I
%1035—
L:
e Verified by heavy ion 1075 V Vi | \ k u |
beam tests at CERN & i | | |

GSI. o s 10

T Test results from RICH detector
103} 5 —
* Nuclei can be identified A o -
10~ | e
up Z=26 (Fe) . e \ -
“4o L ! ascTi"‘c:r"“:eo
' H.. Nuclearcharge | ““‘“
0] 5 10 15 20 25
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Ul Charge measurements

(CERN,GSI)
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L Electromagnetic Calorimeter

3D sampling calorimeter o et

9 superlayers of 10 fiber/lead
planes each alternate in x and y | S

scintillating fibers viewed by PMT \“\\\aﬁ'
« 16.4 X, radiation length f/,, ,-g;,

: e 7]
7 /"/ ""’*"‘Qﬁ‘*”"" -
e Measure energy (few % %%Jﬂjﬁﬂ’%
: S NS S< AP
resolution) and angle (1° - 0.5° “W' "‘
- ! i.‘ "l.v:-‘. ;-.l'f
angular resolution) of y, e*,e- . /4‘ \

v 2,

103 p*Rejection at 95% e* Efficiency Via Shower Profile
1 GeV-1TeV
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WY Gamma Rays detection

Electromagnetic Calorimeter Tracker
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few % energy resolution
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[@m Motivations

e pand He nuclei are dominant
(90% p, 9% He)

o All elements are present up to
Uranium

o Atoms reach heliosphere fully
lonized

o Absolute fluxes and spec-trum
shapes are funda-mental for

calculation of atmospheric v
fluxes

Simor
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i .
iy Cosmic Rays

=}
;
~

*Cosmic Rays spectrum follows a

power law E X x = 2-3,

e Protons Dominant Component:
protons 89%, electrons 1%. ,
He 5% of protons flux at 10 GeV 1

T
=]
vy

—
1

Flux (m®sr sec GeW)'
=
L |

p-~ 10 % of proton flux o F
*Ordinary matter (p,He,electrons): " f
backgrounds. At
*Heavy lons measurements to w
constrain propagation/acceleration " % T
model

New physics: Antimatter and Astroparticle studies embedded

gamma rays, anti-D signal in Cosmic Ray Physics
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ZZ@'@W AMS-02 Cosmic Ray
Wil

\ . - S R | -1
Cosmic Ray Fluxes (m ™~ sr s GeV )
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ﬁW Proton & Helium

Accurate background determination up few TeV:
after 3 years will collect 107 He with E > 100 GeV/n

*‘g ot E 1::1'35—
10 "':'-E;_ ‘q"-‘
T el e I I A
Proton flux measurements He flux measurement
after 1 week after 1 month
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Z]& Positrons
vosTron Tlux afer 3yearsordaa kg
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[@m Cosmic Ray Composition ’ o :
* ] ¢ Solar Systen%
: QO CR1-2GV|,
 Chemical composition of CR similar '} | ® CR 70-280 MV
to solar elements, but: oL| 5 )
1) Li, Be, B enriched WL e 1
2) Sc, Ti, V, Cr, Mn enriched “F N \/ .
* These ions (apart Li) are not g*o 3 " '
produced in primordial nucleo- § a3 b
synthesis, nor in stars <
1) produced by spallation reactions "'aj— o 1
between p, awith C, N, O in €Ll
supernovae explosions a2t
2) spallation from Fe, produced in e
interstellar medium -
Simonetta Gentile ,o-shi L1l IlItJIllIIILLllI[IHlII1
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ZZ@'@V] Cosmic Ray Propagation

» The goal of the propagation models is to achieve a reliable
physical description of the CR propagation through the Galaxy

» From the measured fluxes in the heliosphere derive source
composition, injection spectra & galactic parameters

> Reliable propagation model is needed for accurate background
evaluation for rare signal searches in CR

» Particularly useful measurements to validate propagation models
and to constrain their free parameters are flux measurements in a
wide energy range of

» Primary (injected at CR sources)
» Secondary (products of CR interactions with the ISM)

» Radioactive (provide time information)

Simonetta Gentile
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47V Galactic Cosmic Ray Nuclel

* Cosmic Ray Nuclei energy spectrum:
- Previous measurements with limited accuracy

- Lack of info about the time variation.
* Important for the understanding of space environment.
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ﬁW Helium

AMS will identify *He up to 10 GeV/n
after 3 years will collect ~10% *He

0.35 [
-« AMS-02 (1 day)
0.3 | o smiLl

[ o IMAX
0.25 |- A BEss

0: : —— e |

— Davis et al.

DILIVIITLLA JTlliuUuIvT

1 10
Kinetic Energy (GeV/n)
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e .
iy Light lons ®
Measurements of B/C ratio will give nformation on CR_ drffusion, St

After 3 years will collect ~10° C with E > 100 GeV/n
and ~10* B with E > 100 GeV/n

0.4
B s AMS-02 (6 months)
| - © Dwyer et al.
o 3l o HEAO-3
5 A ISEE-3
- Spacelab-2
O
-— 0.2
(a A
0.1

| —— Strong & Moskalenko

ol
10 ~

2 3

aaal
i} 1. 10 10
Kinetic Energy (GeV/Nn)
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i _ .
iy Cosmic Ray Nuclel

Measurements of the nuclei energy spectra up to Fe in the
energy range from 0.1 GV to 100 GV.

1“‘-1 I ] 1T rrri I I | I II I |§ 10.2 E- LI | I ] | ] L L LB ] I ] E
C S Fe :
L Feee,, 500,000 events 3 §'°F 35,000 events 7
= ® ] == - @ ]
S ®e withRicH 13 F % e with RICH
L 103 . - = 104 |- E ; .
= [ ] in g : L " in ;
g ® . 1week A - o 1 week
% A "
o 10 . ° E0% | ® E
= P B &
¢ L E = @
.L_E '. L‘i‘_’ [ .
U 105 * 106 |- ) ®
MC with Magnet Off. ° = MC with Magnet Off. ®
. =
106 L 1 II_I_lII| 1 L1 |||||| 1 I 107 L] L L i g g gal
1 10 1 10
Kinetic Energy (GeV/nuc) Kinetic Energy (GeV/nuc)

Simonetta Gentile
Rencontres du Vietnam,Hanoi 2004



v
Z]W

Radioactive Isotopes

10Be (t,, = 1.51 Myr) is the lightest B-radioactive secondary
isotope having a half-life comparable with the CR confinement

time in the Galaxy.

In diffusion models, the ratio 1°Be/”Be is sensitive to the size of

the halo and to the properties of the
local interstellar medium

06!}"° AMS-02 (1 year)

0.5
0.4

Vo3

AMS will separate 1°Be from °Be for <

0.15 GeV/n<E <10 GeV/n

Q
m

o
~—

after 3 years will collect ~10°> 'Be

11 12

Simonetta Gentile
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¢ Gamma Rays

Measurements of y rays up to 1000 GeV

v (Diffusion) Flux (m™ sr'sec’'GeV

i  Woasured Spactum > 002 r * Measured Spectrum
— Initial Specirum O - —— Initial Spectrum
o Background '00.018 O Background

"50.016 |-
'I‘E”D 014

0 b 5

[ LL L

=0.012 |
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£ 0.01
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“0.008 |

10 F

: _ o 0.006 | *
Galactic Origin s L EXtraGalactic Origin
3 years data oo E 3 years data
A L i - . npo8o0o0  n#. .. M =
10 2 3 2 3
10 10 Energy {Geﬂu 10 10 Energy {GeU’]D

for example 90 y’s of Extragalactic origin with energies above 100 GeV per year
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ﬁW Search for Antimatter

AMS on ISS {search for antimatter)

10°% Helium () (a) Btfington et al. 1981
o E {b) Golden el al. 1957
0 40Tl 9 {c) Badnwar et al. 1978
c 10 m 2 x 10" events {d) Alcaraz et al. 1338
o . )
@ 106_— |I . © fe) Sasaki et al. 2001
% E — o yy —————
> c A 9 —
e C D &
S o10% £ 3
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® F & 3
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T F C 3 Amsor @
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10 b C & A AMS-02, 3 years on the ISS
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Possible Sources: Primordial baryogenesis AntiMatter Stars
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Summary

*AMSO02 is magnetic spectrometer
on International Space Station, starting
take data on beginning 2008:
» Large Acceptance
> Long term operation (>3 years)
AMSO02 will provide:

= Precise Cosmic Ray elemental and
isotopic fluxes in a wide energy range

=P These measurements will validate and
constrain the free parameters of CR
propagation models which will, in turn,
provide more reliable estimates for the
backgrounds in rare signal searches in

Cosmic Ray.
Re
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