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The Alpha Magnetic Spectrometer (AMS) is a large acceptance mag-
netic spectrometer to search in space for antinuclei in cosmic rays with a
sensitivity 10* times better than achieved previously. In its first mission,
AMS went into a ten day orbit on the Space Shuttle Discovery in June
1998. In this paper we briefly report on the detector performance during
this first flight.

PACS numbers: 95.55.Vj, 98.70.Sa

1. Introduction

There is strong experimental evidence supporting the Big Bang origin
and evolution of the Universe (for example from cosmic microwave back-
ground measurements [1]). According to this model, the evolution of the
Universe is based to a large extent on the interactions of the elementary
particles at very high energy (3> 1 TeV). The current description of the
interaction between elementary particles (Standard Model), which has been
successfully checked up to energies O(1 TeV), suggests that matter and an-
timatter where equally abundant at the very hot beginning of the Universe.
However, experimental evidence excludes to date the presence of antimatter
within a distance of 10 Mpc from the earth [2].

Attempts to reconcile these observations with cosmological models that
do not require new physics have failed [3]. In order to describe the evolution
of an initially symmetric universe to an asymmetric universe (baryogenesis),
it is mandatory to extend the Standard Model with new interactions between
elementary particles, mediated by very massive intermediate vector bosons
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(M > 10 GeV), which violate the baryonic number conservation as well as
the symmetries C and CP [4].

Modern baryogenesis models either predict an universe free of antimatter
or deal with the possibility that the Universe contains matter and antimatter
domain structures larger than the sizes of clusters of galaxies (~ 20 Mpc).
Since different models may involve different sorts of CP violating mecha-
nisms, the determination of whether the Universe does or does not contain
domains of antimatter beyond our local supercluster of galaxies is of great
importance to particle physics. Moreover, the structures which would be
implied by a positive detection of antimatter would be related to a number
of issues, such as inflation and domain walls, that have deep implications
for both cosmology and particle physics. However, the available matter-
antimatter models are experimentally disfavoured and even excluded in great
generality with the current understanding of cosmology [5].

2. Previous antimatter searches

Limits on the abundance of antimatter have been obtained by two meth-
ods in the past:

1. Searches for -ray excess from annihilation of matter and antimatter
particles in the interstellar or intergalactic gas.

2. Searches for antiparticles in the cosmic rays.

The first technique requires a knowledge of the gas density, and is there-
fore limited to scales less than the size of clusters of galaxies. Negative
results from this indirect method establish that if antimatter is to exist in
substantial quantities in the Universe it must do so on the scale of clusters
of galaxies or larger (2 20 Mpc).

Concerning the second technique, in the last 20 years balloon-borne ex-
periments have searched for antimatter in the cosmic rays. The output of
these searches is:

1. Small excess above the Leaky Box model [6] for secondary production
of positrons |7] and antiprotons |[8].

2. Limits at the level of 1074 — 1075 for antinuclei to nuclei ratios [9] with
Z > 2.

Of all the techniques used to search for antimatter, direct searches of
cosmic rays, particularly cosmic ray nuclei with atomic number greater than
or equal to 2, are probably the most reliable. Unlike the secondary produc-
tion of antiprotons, it is exceedingly difficult to produce heavy antinuclei in
collisions involving ordinary cosmic rays and interstellar material [10].
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3. The AMS experiment

The Alpha Magnetic Spectrometer (AMS) [11,12] is a space-borne par-
ticle physics detector designed to measure the amount of antimatter nuclei
present in cosmic rays to a much higher precision than achieved to date.
The improvement in the sensitivity is critical to the goal of detecting cosmic
rays from antimatter domains.

The AMS research program is organised in two different phases. On
June 1998, a first version of the detector was launched on the Space Shuttle
Discovery (STS-91). During the ten day mission, AMS was allocated 100
hours of primary time to perform system checks. In year 2003, the final
version of AMS will be installed in the Internation Space Station (ISS).
AMS will continuously operate during a minimum period of three years.
Several modifications are foreseen in order to improve the resolution and
identification range of charged particles as well as photon detection.

In addition to the antinuclei search, the AMS particle identification ca-
pabilities also allow to measure the abundances of positrons and antiprotons
in cosmic rays. An anomalous yield above the expectations from secondary
production could be the signal of non-baryonic cold dark matter annihilation
in the halo of our galaxy [13,14].

On the ISS, AMS will also operate as a 7y-ray telescope within a wide
energy range. Due to its design features, AMS will be able to continue
the study of galactic and extragalactic «y-ray sources begun by the EGRET
experiment [15].

Finally, AMS will improve the current measurements of the isotopic com-
position of the light elements in the cosmic rays and thus increase our un-
derstanding of cosmic ray production and propagation in our galaxy.
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Fig. 1. Sensitivity of AMS after 3 year exposure in the search for (a) He; (b) Z > 2
antinuclei (95% C.L.). He sensitivity is compared to a prediction of a matter-
antimatter symmetric universe.
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Figures 1a,b show the current limits for antinuclei to nuclei ratios in cos-
mic rays together with the AMS sensitivity after a three year exposure. In
figure la we have included the prediction for a matter-antimatter symmet-
ric model [16] including the cosmic ray propagation from its origin to the
AMS detector [12]. As seen in the figure, the current limits are not sensi-
tive enough to test the existence of clusters of galaxies made of antimatter,
whereas AMS will be able to detect an antimatter concentration typically
one thousand times less than the prediction based on this model.

4. The AMS detector
The AMS configuration for the Shuttle flight (figure 2) consists of

1. a cylindrical permanent magnet with a geometrical acceptance of 0.6
m?-sr which provides a rather uniform magnetic field of 0.15 T per-
pendicular to the bore,

2. a set of six layers of double sided silicon microstrip detectors with a
resolution of 10(30) ym in the (non-)bending plane,

3. a counter system consisting of four planes of time of flight (TOF) with
a resolution of 100 ps and a set of anticoincidence counters (ACC)
covering the magnet inner wall,

4. an aerogel threshold Cerenkov counter (ATC) with a refraction index
n=1.035.

The detector is covered with a low energy particle shield and rests in an
aluminum support structure. The weight of the experiment plus the support
system is 4100 Kg and the total power consumption of the AMS electronics
and subdetectors is below 1 KW.
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Fig.2. AMS experimental setup for the STS-91 flight
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When a charged particle goes through the magnet bore, its trajectory
is bended. The silicon tracker allows to determine the rigidity (p/Z) of the
incoming particle providing up to six precise three dimensional points to
reconstruct the trajectory. The momentum resolution is 7% for 10 GeV
protons. In addition, the energy deposition in each plane by the particle
allows a determination of the charge absolute value. Finally, the curvature
direction fixes the charge sign of the particle.

The tracker response is identical for a downward going particle and for
its corresponding upward going antiparticle. Precise time of flight mea-
surements prevent this confusion and allow a determination of the particle
velocity with a resolution better than 3%. In addition, TOF counters also
measure the energy deposition and thus provide another measurement of the
charge magnitude. Finally, the coincidence of fast signals in several layers
is used to trigger the event.

The remaining subdetectors are used either to reject backgrounds coming
from particles which go through the magnet (ACC) or to extend the ranges
of particle identification (ATC).

The foreseen detector upgrades for the AMS second phase are

1. a superconducting magnet which will increase the magnetic field,
2. a transition radiation detector to improve positron identification,

3. aring imaging Cerenkov counter which will extend the range of precise
velocity measurements,

4. a three-dimensional calorimeter to measure the energy of electromag-
netic particles and to reduce the hadronic contamination.

Detailed Monte Carlo studies for the new subdetectors have been per-
formed and their final design and construction has already started.

5. AMS performance on the Space Shuttle

On June 2, 1998 AMS was launched on the Space Shuttle Discovery for
a 10 day flight into an orbit similar to the one foreseen for the ISS (380 Km
altitude and 51.6 ° inclination).

The AMS main goals were the full detector performance verification and
the study of the background for the antimatter search coming from down-
ward going and upward going misidentified nuclei (albedo !).

! The albedo nuclei are cosmic rays deflected by the interaction with the earth at-
mosphere and magnetic field. The previous knowledge of the yield and momentum
distribution was based on short duration measurements with balloons at a height of
40 Km.
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Four hours after the liftoff, AMS went into normal data taking. Data
collection spanned 200 hours (90% of the total mission duration) with a total
of 100 million events recorded on tape.

The excellent AMS performance is illustrated with a few examples ob-
tained on a small sample of flight data.

Figure 3a shows the time difference between the particle hits on bottom
and top TOF planes. Negative values correspond to upward going particles
(albedo). The discrimination power between positive and negative time dif-
ferences can be clearly seen in this figure. The particle velocity derived from
this measurement (figure 3b) is consistent with the expected resolution .
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Fig.3. Particle time of flight differences (a) and reconstructed particle velocity
distributions (b) as described in text.

Figures 4a and 4b illustrate the AMS particle identification capabilities
using the measured energy deposition in the scintillators and in the sili-
con tracker as a function of the reconstructed particle rigidity. In addition
to proton and helium, electron and secondary pion bands can be also dis-
tinguished at low rigidities. Finally, tracker dE/dx measurements allow to
determine the absolute charge of light nuclei heavier than helium.

Out of the total sample of collected events during the ten day flight,
no antinuclei candidate has been found. Preliminar analysis shows that the
corresponding antimatter limits are already competitive with the best limits
to date.

Final results on p,p,e ,e" and nuclei fluxes at different geomagnetic
latitudes as well as antinuclei limits are in progress and will be available
soon.

! The bulk of the data in this specific sample are ultrarelativistic particles. Therefore,
the main contribution to the velocity distribution width comes from the resolution
in the measurement.



The Alpha Magnetic Spectrometer (AMS) 2451

10%

zZ=z3
b)
910 %1037 He
(4 =
= (Y]
=
L =1
—
= £
[}
8 2102,
1
=7 2
10—1 102 10 10

1 10 T 10
Rigidity (GV) Rigidity (GV)

Fig.4. Energy deposition in (a) TOF and (b) tracker as a function of the measured
particle rigidity.

6. Conclusions

AMS is the first sensitive magnet spectrometer in space designed to carry
out the most intensive search ever done for cosmic rays made of antimatter.

The first mission, a ten day flight on the Space Shuttle in June 1998,
was mainly devoted to detector performance verification and background
measurements.

During its first flight AMS recorded 100 million events with an excel-
lent overall performance. No antinuclei candidate has been found. Final
results on cosmic ray fluxes and antimatter limits are in progress and will
be available soon.

The successful completion of the first flight has provided us with the
needed experience to face the long term exposure on the International Space
Station starting in year 2003.
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