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The AMS Silicon Tracker: Performance Results from STS-91
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Abstract

The Alpha Magnetic Spectrometer (AMS) is a detector designed to search for antimatter and dark matter
in cosmic rays. AMS is programmed for installation on the International Space Station Alpha (ISSA) for
an operational period of 3 years. The magnetic spectrometer uses>505 silicon microstrip sensors to
reconstruct charged patrticle trajectories. The AMS was flown on the NASA shuttle flight STS-91 in June
1998. In this contribution, we present results for the performance of the silicon tracker during the test flight.

1 Introduction

The AMS is designed to study the composition of cosmics rays with unprecedented sensitivity due to its
large acceptancé).5m?sr) and long observation time (3 years on the ISSA). The spectrometer is equipped
with a silicon microstrip tracker providing 10 (3@)n accuracy in the bending (non-bending) plane in the 1.5
kG field of the magnet, resulting in a momentum resolution of 7% in the range of 1-10 GeV/c/n. In order to
verify the detector design, the AMS was flown on the NASA shuttle Discovery as part of the flight STS-91.
All of the basic detector subsystems were present for the flight; the tracker was equipped with 38% of the total
number of silicon sensors.

2 Shuttle Flight STS-91

The shuttle version of AMS consisted of i of double-sided silicon microstrip sensors (Batignani et
al. 1989, Acciarri et al. 1994) arranged in six planes, four planes of plastic scintillator paddles, and an aerogel
Cherenkov counter (n=1.035). The particle’s mass is determined from the time-of-flight provided by the scin-
tillators and the momentum of the silicon tracker. The energy loss measurements from the scintillators and the
silicon tracker, together with the of the time-of-flight, yield the charge of the particle. The sign of the charge
is determined by the curvature of the reconstructed track. The Cherenkov detector provides electron-proton
discrimination in the momentum range of 1-3.5 GeV/c. A layer of plastic scintillators located on the interior
wall of the permanent magnet serve to veto stray trajectories and background produced by interactions in the
material of the magnet. The AMS acceptance for the shuttle flight configuratiof.8das?sr, corresponding
to events with at least four tracker planes.

The shuttle flight STS-91 lasted 10 days, June 2-12, 1998. The shuttle Discovery operated at altitudes of
360 to 380 km above the surface of the earth, between the geographic latittigfesThe primary mission
of the flight was the rendezvous with the Russian space station Mir. The periods dedicated to AMS operation



included 30 hours prior to the docking with Mir and 105 hours after separation from Mir, including 11 hours

for an albedo measurement. Data collection continued throughout the flight aside from short interruptions
during the docking and separation phases, and a three-hour pause during the second AMS observation period.
The AMS data acquisition system livetime varied between 40 and 95% (for useful data), with recorded event
rates of 700 to 100 Hz. A total of 99 million events were recorded.

3 Tracker Performance
The tracker performance can be characterized by the strip n0|se of the silicon sensors. The posmon mea-
surement of the silicon microstrip detector uses the ch@ge% [
collected on the individual readout strips, thus one of thé’ 1°8
important limitations on the position resolution is detect’@r i
noise. In addition, the relatively large size of the trackées |
(58,368 readout channels for the shuttle flight version) re- y
quires a good signal-to-noise ratio in order to maintain chan; :
nel occupancy at an acceptably low level, without loss of de- | ¢
tection efficiency. I
The silicon tracker was powered three hours after the shuttle
launch. Once the bias voltages of the silicon sensors had star
bilized, no significant changes were observed in the dark cur |
rent levels compared to the values measured during ground:
operation. The tracker calibration procedure determinesthgl,, ... ... ...
pedestals and the pedestal widths for each channel, and thé ' * R A R
average common noise widths. The ADC level of each chiaigure 1: Comparison of AMS temperature and
nel is corrected by subtracting the common noise level, igcker noise during the STS-91 flight: temperature
fined as the average ADC value recorded by the 64 chariRgligated on y-axis at left, p-side noise on y-axis at
of each preamplifier chip. The noise relevant for the track@pt
performance is the pedestal widt{xs,.q) after the common noise subtraction. The first calibration results
from the flight indicated that the pedestals and pedestal widths of all readout channels were consistent with
pre-launch values.

Tracker calibrations were made automatically every 30 mlnutes durlng data—taklng In addltlon pedestals
values were updated between calibrations using the egent T T T e
data. Abnormal interruptions of the data acquisition systéms ]
also triggered a tracker calibration. A total of 738 calibra- o n-side, 100V ]
tions were made during the flight with an average time Qe
tween calibrations of 18 minutes. g 1
The dominant influence on the tracker noise during the flight
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was the temperature. Figure 1 shows the average pedestal i o E
widths for the p-side strips (bending coordinate) of 50V ands |- ﬁ ]
100V silicon sensors, and the temperature recorded at thel = p-side, 100V ]
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AMS magnet, versus the Mission Elapsed Time (MET). The® \ ]
tracker flown on the shuttle was composed of roughly equal { w\ ' ﬂ ﬁdm ]
numbers of 50V and 100V sensors. The tracker noise levelst ]

follow very closely the temperature evolution; the correla-° | /' B
tion is linear over the observed range of temperature with 301‘;;1;‘;;‘{ 1?0
slope of 0.025 ADC courftC. The silicon dark currents dis- MET (Days)
played an identical behavior. Figure 2: Tracker common noise levels during the

The AMS temperature exhibits a nearly continuous decreabe-91 flight.
from the beginning of the flight to the second half of day 5 MET. The major influences on the AMS tempera-



ture during this period were the opening of the payload doors, once the shuttle was installed in orbit, and the
Mir docking, which placed the shuttle between Mir and the earth. After the separation with Mir, the AMS
began its second observation period with the shuttle bay pointing towards deep space. At this time, the tem-
perature at the detector began to rise. The constant increase was interrupted by powering down the detector
for a period of three hours, after which data-taking resumed with the shuttle inclined at an a2@fleadgth

respect to the orbital zenith.

Figure 2 shows the average common noise widths for p and n-side strips. The observed changes in the
common noise, abrupt shifts at well defined times, indicate that the tracker common noise was affected by
activities on the shuttle. For example, the sudden jump and subsequent drop on day 5 MET correspond to a
period when the Spacehab Universal Communication System (SHUCS) was operated. A SHUCS operation
was also programmed for the middle of day 8 MET, along with several other activities involving other payload
experiments, including deactivation of experiments which had been running throughout the flight. At this
time, the tracker common noise increased by 10% before dropping to its lowest level. In general, the common
noise changes observed during the flight did not affect the overall tracker noise performance, hovadfer the
decrease at the end of the flight was accompanied by a visible, though small (0.1 ADC count), decrease in the
p-side pedestal widths (Fig 1).

The average noise level of the p-side strips can be compared to the measured cluster peak value for min-
imum ionizing particles (relativistic electrons and protons) of 25 ADC counts. The corresponding cluster
signal-to-noise, defined by the total cluster charge divided by the root-mean-square of the pedestal widths of
the member strips, varied with the temperature over the range of 7:1 to 8:1, consistent with the magnitude of
the noise variation. The online signal threshold3dfo,,.q provided an acceptable rejection of p-side noise
clusters.

The noise level$o,.q) of the n-side strips, which measure the coordinate in the non-bending plane, were
30% higher than for the p-side strips. The n-side strips |
of the silicon wafer collect the electrons liberated fvoo [
the depleted region of the silicon. Due to the accu-
mulation of negative surface charge on the n-side, tH& -
resolution is expected to be inherently worse. The difr, |
ference observed with AMS sensors is larger however |
than expected. Inefficient charge collection across tHé& -
readout gap is the problem. A redesign of the strip img,, ¢
plantation on the n-side is planned to reduce the read- -
out pitch, currently 208:m (compared to 11@um for  4©
the p-side readout strips). 100 F
The silicon tracker readout electronics were designed ¢t
to maintain detector performance for incident particleoo
charges of £10. Figure 3 show the truncated sums
of the energy loss measurements made in the silicon |} ; © . \
tracker for particles with Z2. The data correspond o 'y o] e
to 68 hours from the second AMS observation period dE/dx (MeV)
with the detector pointing away from the earth. Thégure 3: Truncated sums of the energy loss measure-
curves in the figure represent Landau fits of the eneRNts of the silicon tracker for:22 nuclei, the fits are de-
loss distributions of the indicated nuclei, identified §§"Ped in the text.
comparing the energy loss in the tracker with the momentum measurement (selection madesdeved 1
based on the expected correlation between momentum and dE/dx). The results of this simple analysis show
the possibilities offered by the silicon tracker for charge discrimination of light nuclei.

The linearity of the detector response with increasing charge is shown in Fig. 4, for agerage. The
fitted line includes the charge values up to nitrogen; good linearity is obtained over this range. Several effects
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may explain the non-linearity appearing at the highest Z. The dispersion of the pedestal widths observed at
the preamplifier level required a rather high offset in the 12-bit ADC (1000 channels), reducing the effective
dynamic range. Non-linear performance of the preamplifier or “saturation” effects in the charge collection in
the silicon cannot be excluded.

The second important limitation on the tracker resolution is the alignment. The positions of the silicon
sensors in the tracker planes were measured with a precision @f 5
10 um several months before the flight. The relative positionsgofé
the planes on their supporting structure were measured prior tG in-
stallation in the magnet (50-1Q@n precision). After the flight the °|
detector alignment was checked using helium and carbon beams, at
GSl in Darmstadt, Germany, and a proton beam at CERN ire@en™ |
Switzerland. The alignment modifications determined from the test:
beam data did improve the track fits of the flight data. The tracker;
fit errors of the flight data, weighted with the expected measurement
resolutions, are consistent with the expected momentum resolution.
It is difficult to extract the position resolution directly from the flight
data. Further insight on the contribution of possible misalignment tbe™ ™2 %% "% w1
the detector resolution may be obtained by studying the behavigti@fre 4: Silicon tracker energy loss peak
quantities such ag? distributions of fitted tracks, or eventually thgalues v<72.
mass resolution, which may reveal effects arising from the temperature variation observed during the flight.
As seen earlier, such effects must be separated from other influences like increased detector noise.

We conclude with a figure which illustrates the general characteristics of the reconstructed momentum dis-
tribution of the flight data. Figure 5 show the reconstructed VT + Doy 6.2
rigidity distribution for positive charge particles versus tHfg® uretion : 63 min
shuttle position. The three-dimensional scatter plot displays
the patrticle rigidity on the vertical axis, and the shuttle lon-
gitude (O to 360°) and latitude (-60 to +60°) on the x and+
y-axis. The particle distribution displays two main featurgs:
a rather constant width low rigidity band separated from a
higher rigidity region whose minimum value increases as the
detector approaches the equator, and a higher particle densi
in the regions closest to the magnetic poles. The two diffe
ent rigidity regions can be identified with particles below ang
above the geomagnetic cutoff. The data of Fig. 5 correspond+ "
to one orbit of the shuttle (orbital period90 minutes).
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] Figure 5: Reconstructed positive rigidity distri-
4 Conclusion bution versus shuttle position.

The results of the AMS test flight are largely positive for the silicon tracker. No major problems were
encountered. Electrically, the tracker performance was unaffected by the launch and operation in space, the
effects observed are understood, e.g. n-side noise. Although there in no indication of a problem with the
tracker mechanical design, the general question of temperature control is a concern. The principal objective
of the flight was attained, a maximum amount of information from a working detector.
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