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AM S Experiment

« AMSisa particle physics experiment in space

e The AMS experiment ismostly built in Europe

e The use of the Space Shuttle and the Space Station
Isbased on a NASA —USDOE MOU (1995)

 The AM S collabor ation hasthe responsibility for
assessing the experiment’s quality and merit and
for the construction of AMS

* NASA isnot involved in the construction of AMS
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ALPHA MAGNETIC SPCTROMETER (AMYS)
ON THE SHUTTLE AND THE INTERNATIONAL SPACE STATION
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AM S Physics Goals

 Antimatter search (He,C) with a sensitivity
103 to 10* better than current limits.

e Dark Matter search

— High statistics precision measurements of e, pand g
spectra

o Astrophysics studies

— High statistics precision measurements of light isotope
Spectra
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AM S Experimental Program

* Precursor flight aboard the Space Shuttle

? Instrumental
? Background Studies

 Long duration (3-year) mission at the
International Space Station (1SS)
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AM S-01 Spectrometer

Particle trajectory
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STS-91 Flight

Orbital Parameters
Inclination  51.7°

Altitude 320-390 km
Period 01 min

AMS
'3 Trigger rate 100 — 700 Hz
L) 100 Million events on tape
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AM S-01 Geographic Coverage

Detection points along Shutile orbits

B AMS
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AM S-01 Post-flight Activities

Calibration & Alignment

v  He & C beams @ GSI (Dar mstadt)
1.0-5.6 GV 600 angles
45 Million Events

v Proton & Pion beam @ CERN
2—14 GeV 1200 angles
100 Million Events
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AMS-01 Antimatter Search
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AM S-01 Cosmic Ray Spectra
Earth’s Magnetic Field shielding dependson the

geomagnetic latitude
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AMS-01 Protons & Helium
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AM S-01 Electrons & Positrons

~ 10° events
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AMS-01 Under Cutoff Spectra (1/3)

A substantial flux detected below
the geomagnetic cutoff
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Flight Time (sec.)

AMS-01 Under Cutoff Spectra (2/3)

A substantial flux detected below
the geomagnetic cutoff
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AMS-01 Under Cutoff Spectra (3/3)

A substantial flux detected below
the geomagnetic cutoff

Helium| SHedominancein the 2" spectrum

107% as
f_gooog 00 <|0,<0.4 _
[ o” a_ ® 0.4<|0,<0.8 30
10 ~'i' .2, O 0.8<|6 ;
% ? e * 25 |
e r . l! P E
(7] 1 ; --.. Ezu L
3 i : . @ .}
Nmﬂ:l ‘I |.|J 15
! | ]
£ 10
N -
-* g
¥
v. u:J..Jl...J..#I....L;ﬁ.l;ﬁ%ﬁ;h;.
e o 1 2z M Ad 5 &
1 10 10° e Nie
Rigidity (GV) Mass (GeV/c?)

J.Casaus, February 1st 2002, Jaca



AMS-01 Under Cutoff Spectra

General Features:

»Originated in the atmosphere
» Flux Upwards = Flux Downwar ds
»Short & Long-lived components

»Distinctive composition
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Secondary fluxesin near Earth Orbit
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Secondary fluxesin near Earth Orbit

P. Zuccon et al., astro-pn/0111111

L. Derome et al .,
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AM S-02 Spectrometer

ssi *Superconducting Magnet

5}: w2 oSilicon Tracker
E ~ eScintillator System
Transition Radiation Detector
*Ring Imaging Cerenkov

WEIGHT 6T Electromagnetic Calorimeter

POWER 2 KW Acceptance: 0.45 m’SH
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AM S-02 Super conducting M agnet

12 racetrack coills & 2 dipolecoils

BLZ2=0.86 Tm?

J.Casaus, Februar



AMS-02 Silicon Tracker

8 layers of double sided silicon sensors

s(p)/p=1.5% @ 10GeV, MDR =2.6 TeV (protons)




AMS-02 Time of Flight System

4 planes, 12 scintillator paddles

seen by 2 PM Tson each side
S(13)/13=3.7% @ 3= 1 (protons)
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AMS-02 Trangtion Radiation Detector
20 layersof TRD

5248 straw tubes
h/egrej ection of 10— 103 in the range3 300 GeV

Top 4 layers ( sure y coordi ), 12 layers (x), 4 layers (y) ,nullll:ais...l;ﬂlll.;s.|||"in||||t:xs||||:llmllluu:‘lsuu||Him|||
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AM S-02 Ring Imaging Cerenkov Counter
3 cm silica aerogel (n=1.05) radiator

s(3)/3=0.1% @ 3= 1 (protons)

radiator
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AM S-02 Electromagnetic Calorimeter
9 super layersof Sci-Fiber/Lead (15 X0)

s(E)/E = 3% @ 100 GeV hl/ergection of 10*

e L.
= i L 1 mm - =
-\..“'1. Y [R— .
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Yield in GV/c intervals, for 3 years on ISS

AMS-02 Antimatter Sensitivity

107 ¢
I n 3 y%r S/ \M S E Smootel al. (1975)
1[)'2 Adruel al. (19a]) Evenson (1972)

will collect 10° He I
with E<1 TeV

Badhwar et al. (1978)
Crolden et al, (1997

—
o]
s

Bulfington et al. (19817
—

[y
L=
h

BESS (93, 94,9597 and 98 {lights)

oﬂAI!iIIS on ISS (search for antimatter)

Antihelium / helium flux ratio

1 10° :
108 ‘a‘ Helium s \AHE srs-munm}/
107 IE 1[]-?_?
108 o =
= B
10° E 10°
wp 8 | : AM S-02 3-year
10° — B
o || -
102 = 107 E
o =
10 on C
. % ‘- ~109 events 10719 et o aseeendl s u el e gesl
107 1 10 10° 10°
19400 560260 400 600 86O 1000 1200 31200 Rigidity (GV)

Statistics /GV/c

J.Casaus, February 1st 2002, Jaca



AM S-02 Antiprotons

AMSwill measurethe p flux up to few 100 GeV
After 3yearswill collect »10° P
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AM S-02 Electrons & Positrons

AMSwill measurethe e flux up to O(TeV)
and the €' flux up to » 300 GeV

Yield in GeV/c intervals, for 3 years on ISS
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AMS-02 Protons & Helium

AMSwill measureH & Hefluxesfor E<1 TeV
after 3 yearswill collect »10° H with E > 100 GeV
and »10’ Hewith E > 100 GeV/n
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AMS-02 Light Elements

AM Swill measurethe spectrum for E<1 TeV/n
after 3 yearswill collect »10° C with E > 100 GeV/n
and »10% B with E > 100 GeV/n
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AMS-02 Light | sotopes (1/3)

AM Swill identify D up to 10 GeV/n
after 3 yearswill collect »10% D
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AMS-02 Light | sotopes (2/3)

AM Swill identify SHeup to 10 GeV/n
after 3 yearswill collect »10% *He
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AMS-02 Light | sotopes (3/3)

AM S will separate 1°Be from °Be for
2GeVin<E<10GeV/n
after 3 yearswill collect »10° 1“Be
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AM S-02 ?-ray Capabilities
Conversion mode

Energy range 1-—100 GeV

Acceptance  0.06 m°sr

Eresolution 2% @ 10 GeV

? resolution 0.03° @ 10 GeV

ECAL mode

Energy range 10— 1000 GeV

Acceptance  0.06 m?sr

E resolution 3% @ 100 GeV

? resolution 0.5° @ 100 GeV

+ * J.Casaus, February 1st 2002, Jaca
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Integral flux (photons ecm® s )

AM S/? Point Sour ce Sensitivity
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Conclusions

AMS had a successful operation in space during a
10-day flight in 1998

Precise results have been obtained on primary and
under cutoff spectra aswell asanew limit on the
existence of nuclear antimatter

AMS is approved by NASA to operate on the | SS
for 3 years

AMS will be ready to fly in 2005

AMS large acceptance and long exposure time will
allow an unprecedented sensitive study of CR from
the ISS
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