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Outline

1. AMS-02 and its Silicon Tracker
2. Space Operation of the Silicon Tracker
3. Performances of the Silicon Tracker

4. Particle Charge Identification




The AMS-02 Collaboration

15 Countries, 44 institutions and more then 600 Physicists.

FINLAND

UNIV. OF
RUSSIA

TURKU
NETHERLANDS ITEP
Eo. GERMANY KURCHATOV INST.
RWTH-I
USA ESTEC oI
MIT - CAMBRIDGE NIKHES KARLSRUHE
NASA GODDARD SPACE FLIGHT
CENTER T - TURKEY KOREA
NASA JOHNSON SPACE CENTER | | )pMMONTPELLIER UNIV. OF |  CHINA EWHA
gm%lg'; MARYLAND - DEPT OF LPSC GRENOBLE SWITZERLAND IEE (Beijing) NAT.UNIV.
IHEP (Beijing)
ETH-Z
YALE UNIVERSITY - NEW HAVEN uTr\||-||v %RF'CH NLAA (Beijing)
SPAIN GENEVA SITU (Shanghai)
CIEMAT - B SEU (Nanjing)
SYSU (Guangzhou)
MADRID
- TAIWAN
.A.C. CANARIAS. SDU (Jinan) seandsinica
ITALY (Taipei)
MEXICO ASI CSIST (Taipei)
UNAM IROE FLORENCE NCU (Chung Li)
TR INFN & UNIV. OF BOLOGNA
INFN & UNIV. OF MILANO-BICOCCA
LAB. OF INSTRUM. INFN & UNIV. OF PERUGIA
LISBON INFN & UNIV. OF PISA
INFN & UNIV. OF ROMA
INFN & UNIV. OF TRENTO

AMS Tracker Collaboration: Perugia, Geneva, RTWH, SYSU, CSIST




The Instrument

AMS Instrument

e/p,Z

Silicon Tracker

"‘\' 4 Y g W
% -

Goal : Cosmic Ray Properties from
few GeV to few TeV
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The Silicon Tracker

2284, 300um thick, double-sided silicon micro-strip sensors (p+-n-n+)
7 to 15 sensors arranged in basic functional units (ladders)

Intrinsic position resolution : 10 (30) um in y(x) bending (non-bending)
6 honeycomb carbon fiber planes (0.04 X,)

196k channels = 192 Watts

126 Watts cooled by Tracker Thermal Control System (2 phase CO,)
Operational temperature range : -10°C to 25 °C.

VVVYVYYVYVY

9 layers in 6 planes

2284 sensors 192 ladders

L
o e et en
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The Silicon Ladder Readout Chain

2nd bonding pad row

Y'Side - p+ StripS J l K6 Upilex S-hybrid
N — Ny ' ‘ Il "o~ 2
(e s | - o E;'E;;-
Y-side §§§ |
Electronics %ﬁ%
—> To i1
Digitizat.
—>
To i
X-side ihi
Electronics %%*f g
glolgro) fofolghn
X-side — n+ strips
Sensors Front-Ends Data Reduction
300um,72x41mm? « 10(6) VAsY (X) * Three 12 bits ADC
Srip pitch : 27.5 (104) for Y(X) * Amplification (100 MIP) * Pedestal/Noise Eval.
reverse biased at 50 V e Shaping (~ 4 ps) * Common Noise
Readout pitch : 110 (208)  Sample-and-Hold Subtraction
Capacitive coupling : 1 pF/cm * 0.7 mW /channel e Cluster Search
Charge sharing  Compression (1000)
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AMS on the ISS (since 19 may 2011)

f

-
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Thermal challenges for on-orbit operations

Thermal environment variables:
* Orbital properties, day/night sun

Sun vector

 Solar beta angle

e Radiator and solar panel positions
* Space craft attitude, visiting vehicles,

re-boost ,
. Satellite’s Projection of Sun vector
 Time scales: Months, days, hours, orbital plane (Wikipedia) ~ onto orbital plane
minutes

Results of thermal environment:
e Thermo-mechanical deformations

* Noise level and gain shift in electronic
components

* Damaging effects outside survival or
operational temperature range
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Tracker Temperatures

Only passive thermal control for external layers.

20 Operational Range : -10/+25 °C
- . Destructive Limit: -20/+40 °C .':-
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Thermal Excursions : Effects
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Alignment of the Silicon Tracker (Stability in Time)
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Tracker Calibration Stability

Calibration ( < 1 minute ) twice per orbit to account for temperature variations.

Pedestal and Noise Tracking Efficiency (using ToF)
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Charge Measurement

Tracker Response

Charged particle

120 =

100

co
o
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on x-side response
5 20 g y-side response
[xZ O ——=5 90 15 20 25

( Bethe-Bloch)

V4

VA Equalization
Collection Efficiency
Detector response degraded ‘ Energy Dependence
by variety of effects...
Construct a single energy independent
tracker charge estimator
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VA Gain Differences

] Helium Sample

10 y-side VAs of single ladder

4 5 6 7 8 9 10
VA Number
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MPV of Landau convoluted with Gaussian used as main estimator of the gain

of a given VA.
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Charge Measurement

Passive
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Resolution Improvement n-side

Using multi-Gaussian fit to extract resolution

measurement.
I

0.4
N-side Resolution
—— No Equalization
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S VA + Charge Loss Equalization ;
O :
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3 02—
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Energy Loss B Dependence

Parameterization
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Final Calibration Results
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Redundant Charge Measurement
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Crucial for nuclei flux measurements and secondary to primary nuclei ratios.
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Summary

» Silicon Tracker operation in space most challenging due to the harsh
thermal conditions.

» Precise control and detailed on-orbit calibration of the tracker allows
best performances in terms of tracking efficiency and rigidity measurement.

» An accurate charge calibration of the tracker has been developed, resulting
in a misidentification probability for carbon at the level of 104. Good

identification capability up to Iron.

» The charge measured by individual tracker layers are essential tools to
control fragmentation in the detector.

Thank you for your attention...
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Tracker Thermal Control System (TTCS)

* TTCSis a2 phases CO, pumped loop (first pumped CO, system in space).
e TTCS canremove 125 W from layer 2 to layer 9.
 Layer 1, facing deep space, only needs a heater.
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Ram Heat
Pipe Radiator

Wake Heat
K Pipe Radiator

Pre heater Heat Exchanger
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Silicon Sensor Design (P. Azzarello, 2004)

—

p-side slice n-side slice

3 Aluminium @ p*-silicon [ Aluminjium @M p*-silicon
BEm SiO)layer EEE n*-silicon BN SiO)layer @A n'-silicon

Max. depletion voltage a0 V

Max. total leakage current 2 pA

p-side hot strip definition Ltrip > 2 DA

n-side hot strip definition Lsirip = 20 nA

Max. number of p-side hot strips )

Max. number of n-side hot strips 4

Table 3.1: Selection criteria applied to the AMS-02 silicon microstrip detectors [49].




Noise versus Temperature
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Tracker Performance

Perentage Bad Strips vs Time
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Noise versus Time
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Pedestal Behavior

Mean Pedestal
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Pedestal Dependence on Temperature
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VA Equalization

10 p-side VAs of single ladder
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Time Stability of the Tracker Measurement

X-Side Z=1

o 15

N ==
o E

1.3 =%

12 B~

1.1

1

0.9 =
0.8 =
0.7 ==
0.6 =
0 5 : L L L l L L L l L L 1 L l L L L 1 l L L L L l
7 100 200 300 400 500
Y-Side Z=26
o 15 =
31.4 ——
o E
1.3 ——
==
==
— - bt g i 1-, 1 : .v-'._. i i g
0.9 =
0.8 =
0.7 ;—
0.6 =
0 5 : 1 1 L I 1 L L I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l
] 100 200 300 400 500

17 September 2014

P. Saouter, Université de Genéve, VERTEX 2014




Final Calibration Results
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Boron to Carbon Ratio

Important measurement to constrain Cosmic Ray propagation models.
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