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The Alpha Magnetic Spectrometer experiment  w..—
INFN

O AMS is a broad international e
collaboration (~ 500 members) for
the detection of primary cosmic rays
in space

Successful test flight aboard space
shuttle Discovery in June 1998

J  Detector integration at CERN

starting August 2007

Final detector to be
installed on the
International Space Station

*ready for launch dafe
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Accurate measurement of cosmic rays fluxes
from 0.5 GV up to 2 TV rigidity

—->Hadronic component gives information on production,
acceleration and propagation mechanisms

o Secondary-to-primary ratios (d/p, 3He/*He): test to propagation
models

o Confinement times (1°Be/%Be): constraint to galactic halo models

o Long period of observation will give information on solar cycle
variations

—>Dark matter signatures may be found in cosmic rays

- Existence of antimatter domains might be inferred from
direct detection of antinuclel
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Astrophysics =2 Nuclei fluxes
— Charge identification in large Z range
— Precise velocity measurement
— Rigidity measurement
— Ability to identify different isotopes

Anti-matter & Dark matter Signals - Rare CR components
— Large Statistic
— Charge identification
— Velocity & rigidity measurements

— Albedo rejection
— vy detection

Operation in Space:
—Space qualification
—Redundancy
—Low power consumption
—Weight budget
—Bandwidth for data
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The AMS detector )
INFN

Istituto Nazionals
di Fisica Nucleare
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The AMS detector e )

INFN
TRD (Transition Radiation Detector): (e
20 layers of Foam + Straw Drift Tubes (Xe/CO, )
3D tracks, e/h separation>102 rej. up to 300 GeV
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The AMS detector e )

INFN
TOF (Time of Flight): (—
2+2 layers of scintillators, At =~160ps

AMS 02 Trigger, Z separation,  with few % precision
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The AMS detector ediata )

RICH (Rlng Imaglng CHer'er\ROV): INEN

2 Radiators: NaF (center), Aerogel(elsewhere), _——_ ¥ -
B with 0.1% precision, Z and isotopes separation & = J o
(2% precision on mass below 10 GeV/n) '

AMS 02

TOF (s2,52)

£
€ %
. Tracker . &
i —_— w
(300000 Channels) 1753
=)

“"""Nwﬁ—_-_‘_‘ v
2
o~

Veto
Counter

YOUKS 1 3 Becker R

< >
P.Zuccon -- RDO7 27/ 29 June 07



TOF (52,52)
A “S s J

2 E
= = =
Tracker > ° s
(300000 Channels) Q& e
Tl
% Y

v ¥ S

R —

Veto 3 N
Counter ~ |
Mg e EiGan,

,J':'ﬁfi?ﬁ 13

P —

YOUKS 1 3 Becker R

~2 m

< >

P.Zuccon -- RDO7 27/ 29 June 07

The AMS detector )

| | INFN
ECAL (Electromagnetic Calorimeter): ( ...

dl Fislca Nuclears

Sampling: 9 superlayers of Lead+Scint. Fibers
trigger, e*, y detection: Og(pergy) <3% for E>10 GeV,
C% rej

3D imaging: e/h separation>1
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The AMS detector e )

INFN
Superconducting Magnet: -
12 racetrack coils & 2 dipole coils cooled to
1.8° K by 2.5 m? of superfluid He
Contained dipolar field: BL? = 0.85 Tm?

Technological challenge:

first superconducting magnet operating in space

10



Perugia ~ ’

Silicon Tracker (N

dl Fisica Nuclears

e 2264 Double sided silicon sensors
~4x7 cm mechanicaly and
electrically grouped in ladders (7-
15 sensors)

e Ladders arranged on 8 layers of
circular shape

e 5 honeycomb carbon fiber plane
e detector material — 0.04 Xo

e total of 200k channels for 192
watt dissipated inside the magnet
volume i VWses™

e 10 um (30 um) spatial resolution | ALAEN
in bending (non bending) plane

e momentum resol 1.5% at 10 GeV

e high dynamic range front end for
charge measurement

e wide temperature range /V
(-20/+40 survival, -10/+25 oper.)

Laser ports

{ Al cooling bars

R/

Al honeycomb/carbon fiber

support planes Hybrid boxes
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pemg.a/')
Silicon Tracker O e
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e 2264 Double sided silicon sensors
~4x7 cm mechanicaly and
electrically grouped in ladders (7-
15 sensors)

e Ladders arranged on 8 layers of
circular shape

e 5 honeycomb carbon fiber plane
e detector material — 0.04 Xo

e total of 200k channels for 192
watt dissipated inside the magnet
volume

e 10 um (30 um) spatial resolution
in bending (non bending) plane

e momentum resol 1.5% at 10 GeV

e high dynamic range front end for
charge measurement

e wide temperature range
(-20/+40 survival, -10/+25 oper.)
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AMS silicon ladders N

LDING SUPPORT (AIREX)

1024 high dynamic range, AC
coupled readout channels:

640 on junction (S) side
384 on ohmic (K) side
Impl/readout pitch:
27.5/110 um (S side)
104/208 um (K side)
7 - 15 wafers (28 - 60 cm)

HYBRID BOX (BOTTOM)

192 flight units, 210 assembled in 3 lines:

Perugia (I), Geneva-ETHZ (CH), G&A (Carsoli, I)
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Perugia /)
INFN

Sensor alignment in ladders Co

. . Meon  0.1169E—01 1031 , ] Wean ~0.8539
Sensor Alignment in Y RMS 3979 - Sensor Alignment in X RMS 4,673
X/ndf 9345 / 17 X/ndf 1038 / 18
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107 Mean 0.2400E-01 Mean -0.8658
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Ladder components (p side) Co

2nd bonding pad row

l K6 Upilex S-hybrid

1st sensor edge

double sided, DC coupled
300 um thickness
7 - 15 sensors in a ladder
produced at:

- Colybris (CH)

- IRST (IT)

_ 10 VA _hdr64a (IDEas, NO)
700 pF coupling capa 40 channels, 0.7 mW power each
CR-RC shaper and S&H
4 us shaping time
100 MIP dynamic range
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Ladder components (h side) N

upilex cable

carbon fiber support

double sided, DC coupled
300 um thickness
7 - 15 sensors in a ladder 700 pF coupling capa
produced at:
- Colybris (CH)
- IRST (IT)

6 VA_hdr64a (IDEas, NO)

384 channels, 0.7 mW power each
CR-RC shaper and S&H

4 us shaping time

100 MIP dynamic range
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Noise and currents INFN

(af-]-erv ~ 3 106 bOﬂdS) C oo

Emtries 90820 Entries 54528
Mean 2.5% Mean 3349
RNS .5n 104 RMS 255
10° 2.1 % channels 4.0 % channels
with 6>5 with 6>5
10’
10°
Leakage current/sensor at 80 V
10°
10°
mean = 0.6 uA 10 L 10
10
1) i Vi et e 1)
A L IR R L A1E LSRRI R o0 o L R
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ADC # ADC #
1 Landau MPV for MIPs ~ 30 ADC#
L | |, |
0 2 4 6 8 10 12

leakage current (uA)
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Data Reduction Board (TDR2) [

Istituto Nazionale
di Fisica Nuclesre

Collect analog data and
) ot il digitize it (100 us irred.
g [ e ",H?Eﬂ?z. & dead time)
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Subdetector

Reqg’ments

Channels

Raw Kbits

U: TRD

Gas gain

5,248

84

S: ToF+ACC

100 ps

48*4*8

49

total bandwith is 2Mbit/s

T: Tracker

few fC

196,608

3,146

max trigger rate is 2 KHz
R: RICH

Single
gamma

680*16*2

348

E: ECAL

1:60,000

324*(4*2+1)

47

* Event Rate

2 Raw Kbits/event

= Total Raw Data Rate

3,674

< 2 Khz

—~7 Gbit/sec
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hg
Welding of the He tank under supervision of NASA-MMO=

yO3K270aNew =54 o
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Stress Profile

Perugia /)
INFN

Istituto Nazionale
dl Fisica Nuclears
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Vibration tests Co e

ladder on plane cables and cables support

no missing bonds after ladder

and test structure vibration definition of cabled fixation
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Radiation ‘hard' electronics

Perugia /)
INFN

Istituto Nazionale
dl Fisica Nuclears

The problem are the SEE (Single Event Effect)

10 't

'
=)
T

Flux (1/cm*/day)

10

-10
10

AMS flux,

- CREME96
-7=(2,92)
- 2mm Al shield

20

40 60 80

LET (MeV/(mg/cm?))

Figure 5: Expected fluxes on ISS in 2003.
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% 40
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Figure 12: The new VA — SEL rates as measured in GSI

current limit protection is present for all active components
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Test beam results
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Residual Distributions INFN
Proton Residuals Helium Residuals —
Entries 49788
Entries _ 2Indf 242.8/220
- 12 I ndf F Lad3 p-side Nor1 2971
" Lad3 p-side Nor1 ol ge1n1 —»%%%162‘1?
10°L Mean1  -0.001003 3 " i1
- Sigl —> 0.01259 i Mean2 0.004213
. Nor2 1021 Sig2  —»> 0.0107
107 Mean2 Nor3 8.152
: Sig2 » 0.03492 - Mean3 0.007501
- 10 Sig3 — 0.04791
10
- 1 l
1 - E
f o - L

02 015 0.1 005 0 0.0R%1444F (ﬁlﬁn)

2 gaussian Fit

1st Gaussian 70% of events
2nd Gaussian 30% of events
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T R
045 01 005 0 0.0%,84,4P (W\m)

3 Gaussian Fit

1st Gaussian 63% of events
2nd Gaussian 34% of events

3th Gaussian 3% of events
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Rigidity Resolution %

Rigidity res. and charge id.

21TV34TV
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¥ Measured Rigidity
resolution (test beam)
He
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1 10 10° 10° 10°
Rigidity |
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Integration:
mounting ladders on plane
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Tracker integration )
INFN

Istituto Nazionale
di Fisica Nuclesre

Plane 1

B
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layers 2,3(plane2) 4,5(plane 3) 6,7(plane 4)

Tnner Tracker
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Inner Tracker Cabled o~

[
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# of channels

Cosmic test allow for ... )

Testing the 132 ladders of the inner tracker in the final configuration
and with the final electronics:

— Calibration

— Signal amplitude (gain)

— Tracks

1200
- Pedestals
10001 p-side
i n-side
800 —
soo:—
400
200
0 B | | | | ] |
0 800 1000
ADC counts

10*

10?

10

] |

= Noise

- — p-side

B 2.5 % of channels N-side

: | 1 | L1l L1 | L1 | " LTI [
2 6 8 10 12 14 16 18 20

ADC counts
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Perugia /)
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MIP Signals
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TRACKS: a cosmic muon

AMSTracker M-Side View
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Conclusions (oo

e A silicon tracker of about 6.4 m? has been designed,
produced and space qualified

e Test beam and cosmic runs showed that design
requirements have been fulfilled

e In September 2007 the Tracker will be integrated into the
AMS-02 magnet

e |In autumn 2008 the whole AMS-02 detector will be
delivered to Cape Canaveral (Florida) ready to launch for 3
years (and more) operation on board the ISS

Latest news about ISS —
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A couple of weeks ago the S3 Truss has been installed!
S3 truss is equipped with the “socket” to plug-in AMS
P.Zuccon -- RDO7 27/ 29 June 07 38



