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AW ON TN LTITETNATIONA! SPACE DSTATION

The Alpha Magnetic Spectrometer is a precision magnetic spectrometer
scheduled to be installed in the International Space Station (ISS) by

2008, with a data taking of at least 3 years.
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AW ON TN LTITETNATIONA! SPACe DSITATION

AMS is a large international collaboration (~ 500 members). Its physics
goals are:

Search for cosmic antimatter, through the detection of antinuclei with
|Z|=2; for helium nuclei the upper limit of detection will be He/He<10;

Search for dark matter via annihilation signatures. Neutralino

annihilations may contribute with anomalies on different spectra:
v’ positron
v antiproton
v’ antideuteron
v’ photons

Precision measurements on the relative abundance of different nuclei
and isotopes of primary cosmic rays E<1 TeV

Total statistics expected above 10!° events
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» Particle bending
Superconducting magnet
» Rigidity (p/Z)
Silicon Tracker
» Particle direction
Time-of-Flight, Tracker, RICH
~ Velocity (P)
RICH, Time-of-Flight, Transition
Radiation Detector

~ Charge (Q)
RICH, Tracker, Time-of-Flight
» Trigger
Time-of-flight, ECAL, AntiCounter
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Alpha Magnetic Spectrometer
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Characteristics:

> Size:3X3X3 m3

» Weight: ~7 Tons

Constraints:

v’ Vibration

v' Thermal environment
day/night ~[-30,+50] °C

v’ Limited power: 3 kW

v Vacuum: < 10 Torr

v' Radiation: Tonizing Flux

v Orbital Debris and Micrometeorites

.Becker 18/04/04

Zenith Radiator TRD TOF(s1,s2)

Star Tracker

Wake Side Grapple Fixture

Ram Side
Radiators
/ Debris Shields

= e

He Vessel

Vacuum Case uss

Electronics
Crates

TOF(s3,4)

AMS
Specfromerer

Integration MIT

RICH '@véﬁ & CECAL

v" Must operate for 3+years
/ I I I . I I.
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Detection of antinuclei Signals: p, e*,y,d Detection of a large

would be a clear signal range of nuclei (Z)
of the existence of Ability . identify

antimatter dvelocity measurement different isotopes

d|charge measurement

Ucharge identification Q rigidity measurement

U |charge measurement

d rigidity measurement Q0 y detection

dlvelocity measurement

U albedo rejection
! 4 rigidity measurement
U strong system

redundancy

Charge and velocity are redundantly measured with AMS
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Time-of-Fli

Construction UPPER TOF

4 planes of plastic scintillators
a total of 34 paddles with 12 cm Honeycom
2/3 PMTs for light readout at both ends pyre paddles

light guides twisted/bent to minimize Covers
magnetic field effects PMTs, paddles &

It provides e

fast trigger to the data acquisition system , e, =
time resolution of 120 ps for protons &
velocity measurement PMTs, paddies =%
absolute charge measurement up to Z~20 _
upward/downward particle separation (10-°) Bracket

Lake Louise Winter Institute, 23rd February, 2005 LOWER TOF v



Construction

a total of 5 planes (3 inside the magnet and 2
outside)

8 layers of double-sided silicon microstrip
sensors (tot~7m?)

a total of ~2500 sensors arranged on 192
ladders

accuracy of sensor relative position better
than 5 pm

It provides

Capcacitor Chips

8 independent position measurements of the
particle. Spatial resolution:

10 pm on the bending plane
30 pm on the non-bending plane

particle rigidity (R=pc/Z) up 1o 1-2 TV

electric charge (Z) from energy deposition
(dE/dx) up to Z~26 AIREX Foam Support
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SINg LMAGING LETSNINOV DSISCION (RLAL)

Sodium Fluoride
aerogel

Construction

proximity focusing Ring Imaging Detector /l M

double solid radiator configuration: mirror

Silica Aerogel n=1.05 (3cm)

Sodium Fluoride (NaF) n=1.334 (0.5cm)
conical reflector

photomultiplier matrix of 680 PMTs

photomultipliers & light guides

spatial pixel granularity: 8.5x8.5mm?

It provides
velocity measurement %~0.1% (Z=1)
charge measurement Z~26 AZ~0.2

redundancy on albedo rejection | R %
: ek

e/p separation
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Yelocity measurement =~

. . . . . _M
Crossing time between scintillator planes is measured /Z3 =
RICH

1
Cerenkov angle (@,) measured oS €. =

Two reconstruction methods were developed:
v a geometrical method based on a hit by hit reconstruction
v a method using all the hits with the maximization of a likelihood function

providing the best @, angle 6. 9) Si"nulif‘?fi‘_,l?‘?rygﬂ}ﬂf A45.8 cm
L(&) =[] £ {1(¢,(6))} oo k|
=1 e ey
r. = closest distance to the Cerenkov O [\\—» / ' \
pattern X
P, = probability of a hit belong to the * N | 7

pattern
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300 -—Simulated protons fZ:iEm e ;ssz.:i 6.641 The uncerTainTy in ec deals WiTh:
[ B~ vemdli|  omsit oussveas , , ,
[ Aerogel 105 3em ' pixel size (granularity) ~ 8.5 mm
290 T 20,0055 pm*cm” AO ~ 4 mrad ) .
[ =458 om ‘ radiator thickness (3cm)
200 I
- chromaticity
150
[ radiator 7=1, B~1
100 Agl105 AB. ~ 4 mrad
s0 | NaF A8, ~ 8 mrad
+
0 P m*#m*++.+. A R B .+ b et teee o
16 16.5 17 17.5 18 18.5 19
®TEC
Flight setup, events within all the
RICH acceptance
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Charge measurement

TOF. Tracker: sampling of particle energy deposition AFE [] Z*

RICH: The number of Cerenkov radiated photons when a charged particle crosses
a radiator path AL, depends on its charge Z

N DzzM%—le > E
n

Their detection on the PMT matrix close to the expected pattern depends on:

radiator interactions (€.) : - Simutated Protons
. . 300 [P~
D Gbsor'p'rlon and SCGTTQ["”’]Q [ Aerogel 105 3em C=0.0055 pmem”
photon ring acceptance (gg.) : =or
4 photons lost through the radiator lateral 200 ©
and inner walls o &

d mirror reflectivity
d photons falling into the non-active area
light guide losses (&)

100

50

PMT quantum efficiency (€pmt)

T e U,
N, OzZ°NLH — |
D2 AL s e

&0\ O .O.@F
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Narae reconsTructTion witThn RLGF. W MU

Simulated protons and heliums within AMS statistics
B~1 AGL105 3cm C=0.0055um*cm-!
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000 —
800 —
600 —
400 —

200 I
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T 2 |

v'October 2003 test beam at CERN with fragments of Indium beam 158 GeV/nuc

oe

Prototype &
RO electronics

- MWPC

- dE/dx
e Scintillators
e Cerenkov

- MWPC

@ Tracker Prototype
@ TOF Prototype
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_AL .
I Counter C2: bent and twisted
, , , light guides. From plane 2.
C2->C3 Time of flight resolution
0.2 > % - @
e L P2 -0.8604E-01t 0.7219E-03 ::Z:
0.16- | ‘
= g g
0.14 - o1
Eg?‘ | 1704
¥ Counter C3: bent light guides.
6y | From plane 31.
! 2 V?, ' AL ‘
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tested

x 10 'iAerogel 1.05 3cm C=0.0055 pm*cm!H=33 cm

a2

s | Hfﬁz FB A=T774 x 107 £ 5079 x 10
\iZ:

B=17275 x 107 + 1645 x 10°
Y2276 mpfit = 22 |

b 8=0° B~1

.....

relative resolution on beta
.

Zselected with scintillator
|
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TOF Tracker
[ Entries 67418 E ’\
o F Kside
el
.g ; Z=25
‘ém’; ’
n- 5 10 5 20 25
z
105|Er
gm";
c4 ... v ey [ B [ R -gmaf?
5 10 15 20 25 30 35 40 45 -
C2AL, sqri(ADC) 0 ; 0 5 % 25
z
v 4 AE samples v 10-12 AE samples

v Charge separation on a scintillator ¥ Charge separation for a 5-6-ladder
bar up to Z~12 setup up Z~25 (K side) Z~16 (S side)
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Charge measurement with RICH

6=0° pB-~I
Charge separation up to Z~26

AGL105

frec RI CH

sigma Zrec

a5
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+0.9x107
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A good correlation achieved between the charge measured
by the Tracker and by the RICH

Lake Louise Winter Institute, 23rd February, 2005 20



® The detector will be installed on the International Space
Station in 2008 for three years at least

#® The fundamental physical issues will be:
Antimatter sensitivity of the order 10-°
Dark matter searches through different signatures (e*,p.y)

AMS-02 will allow unprecedented precision and statistics in the
measurement of cosmic rays outside the earth’'s atmosphere

charge separation up to Z~26 (Iron)
i i BB _ 1o
very precise velocity measurement - =0.%

isotopic separation up to ~(8-10) 6eV/nuc
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