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Chapter I

The Alpha Magnetic Spectrometer (AMS)
on the International Space Station

AMS is a major collaboration between the Italian Space Agency (ASI), INFN, NASA and

the U.S. Department of Energy (DOE) with a large international participation world-wide.  It is the

first large-scale physics experiment scheduled on the International Space Station.

The purpose of the AMS experiment is to perform accurate, large acceptance (~0.5 m2sr),

high statistics, long duration measurements of energetic (up to multi-TeV) primary charged cosmic

ray spectra in space. Some of the physics goals are:

(1) Dark Matter : More than 90% of the universe is made up of Dark Matter. There are many

theoretical suggestions that SUSY particles are at least part of the Dark Matter (some of the

early work include J. Ellis et al., Phys. Lett. B, 214, 3, 1988, M. Turner and F. Wilczek,

Phys. Rev. D, 42, 4, 1990, E.A. Baltz, J. Edsjo P.R. D59, 23511, 1999, T. Moroi, L.

Randall, Nuc. Phys. B570, 455, 2000).

Collisions of Dark Matter in the galactic halo produce π, e+ and γ via:
p  + ...
 e+ +...

     +...

The π, e+, γ from these collisions will produce deviations from the smooth energy spectra.

Therefore, the precision measurement of the e+, p , γ spectra will enable us to establish

whether SUSY particles (for example neutralinos) are the origin of Dark Matter.

(2) Antimatter : The strong evidence supporting the Big Bang origin of the universe requires

matter and antimatter to be equally abundant at the very hot beginning. The absence of

sharp annihilation γ ray peaks excludes the presence of large quantities of antimatter within

our cluster of galaxies. (There is no experimental information on the other 108 clusters of

galaxies in the universe).

Theories (based on a new type of CP-violation, Baryon Violation, the Standard Model, and

Grand Unification) which predict either the existence of antimatter in segregated domains

or the total absence of antimatter, are highly speculative. To date, there is no evidence of a

new type of CP-violation or proton decay. These theories have no firm foundation in

experimental data.
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The resolution of this important problem will require further data : from the current

generation of particle colliders and the B Factories at SLAC and in Japan to improve our

understanding of CP-violation; from the upgraded Tevatron and the LHC to provide clues

to the correct extension or modification of the Standard Model; from new proton decay

detectors in Japan and Italy to improve our understanding of proton stability and from this

experiment to improve (by a factor of 103) the observational basis of our understanding of

the matter-antimatter balance in the universe.

 (3) Cosmic rays : AMS will collect ~ 109 nuclei isotopes of D, He, Li, Be, B, and C. Among

the interesting issues in physics are:

Accurate determination of the ratio of boron to carbon over a wide range of energies

provides crucial information regarding the propagation of cosmic rays in the galaxy. In

particular, the ratio of 10Be (mean lifetime of 2.3 x 106 years) to the stable 9Be will enable

us to extend excellent low-energy measurements of the Ulysses satellite to higher energies

and to provide important information on the understanding of cosmic ray propagation.

The physics of AMS can be viewed with the following perspective:

In the last half century, there have been many fundamental discoveries in astrophysics

measuring microwaves, X-rays and gamma rays. Some examples are:

(i) the discovery of pulsars by Ryle and Hewish (Nobel Prize, 1974).

(ii) the discovery of microwave background radiation by Penzias and Wilson (Nobel Prize,

1978).

(iii) the discovery of new types of pulsars, a discovery that has opened up possibilities for the

study of gravitation, by Hulse and Taylor (Nobel Prize, 1993).

(iv) the many discoveries of ROSAT, COS-B, COBE, CGRO, ASCA, RXTE and the Hubble

Telescope.

In recent years, there have been many outstanding experiments with balloons (BESS,

IMAX, HEAT, CAPRICE, WIZARD, MASS, the RICH Experiment ...) and accurate non-magnetic

experiments (HEAO-3-C2, Ariel-5,6, ACE, EPACT, Ulysses, Voyager 1 and 2 ...) on satellites.  In

addition, there are ingenious ground-base experiments such as CASA, GRAND and the future P.

Auger project, and underground experiments, IMB, MACRO, Soudan-2, Super Kamyokande...

The result of these experiments has and will continue to provide most important information on the

understanding of the origin of cosmic rays. AMS is a complementary experiment to these great

efforts.

AMS is a particle physics experiment in space. It was proposed in 1994, reviewed and

approved by the U.S. Department of Energy (DOE) in 1995. Table 1 below and the

correspondence included in Attachment I summarize the activities of AMS in the United States.
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December 19, 1994 AMS Proposal submitted to DOE.

March 1995 First DOE review: mail review.

April 2-3, 1995 Second DOE review: Panel review with panelists :
• Professor Robert K. Adair, Yale
• Professor Barry C. Barish, CALTECH
• Professor Stephen Olsen, Hawaii
• Professor Malvin A. Ruderman, Columbia
• Professor David N. Schramm, Chicago
• Professor George F. Smoot, Berkeley
• Professor Paul J. Steinhardt, Pennsylvania.

April 19, 1995 Approval of AMS experiment by DOE.

June 2, 1998 AMS launch on board Shuttle DISCOVERY for a 10-day
mission in space.

March 15, 1999 Third DOE review: Panel review :
• Professor Robert K. Adair, Yale
• Professor Barry C. Barish, CALTECH
• Professor Stephen Olsen, Hawaii
• Professor Malvin A. Ruderman, Columbia
• Professor George F. Smoot, Berkeley
• Professor Paul J. Steinhardt, Pennsylvania.

Review of AMS-01 Results and Approval of AMS-02
Upgrade

March 27, 2001 Presentation to DOE HEPAP

March 2004 AMS-02 on the International Space Station for 3-5 years.

Table 1 : AMS milestones.

The DOE and NASA Memorandum of Understanding (MOU) dated 20 September 1995,

is based on a long-standing DOE and NASA agreement from July 1992 on "Energy Related Civil

Space Activities" in which NASA supports many DOE activities in space. According to the MOU,

DOE has the responsibility for assessing the experiment’s quality and merit and for the

construction of AMS, and NASA provides two shuttle flights : one to test the AMS-01 experiment

in space (the STS-91 flight from June 2-12, 1998) and the second to transport AMS-02 to the

Space Station (scheduled on flight UF4 in March 2004). NASA is not involved in the construction

of AMS.

According to NASA procedures in these cases, a NASA mission management office was

established to ensure that AMS satisfied all strict flight safety regulations and provided guidance

and integration of AMS into NASA systems including integrating AMS into the space shuttle at

Kennedy Space Center and establishing the control and data collection centers.

After the first shuttle flight (AMS-01), and with the strong encouragement of NASA, the

AMS magnet has been upgraded from a permanent magnet system made out of high-grade

neodymium-iron-boron to a superconducting magnet.  This was reviewed and approved by the

DOE on the third DOE review of March 15, 1999 (see Figure 2).
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After the approval by DOE, AMS was reviewed extensively by particle and astrophysicists

in Switzerland, Germany, Italy, France, Finland, Russia ... as well as  by the European Space

Agency (see Attachment II).

Figure 1 shows the worldwide participation in AMS.

Figure 1 :  Participation in AMS from the U.S.A., Europe and Asia.

Table 2 summarizes the funding of AMS-01 and the funding of AMS-02. Manpower

refers primarily to technical support provided by non-US AMS institutes.

$M AMS-01 AMS-02

Equipment 17 70

Manpower 40 110

Total 57 180

Table 2 : AMS Funding. This funding is sufficient to complete the AMS-02 experiment.

To perform a high accuracy measurement of energetic charged particles spectra in space,

we have designed the AMS detector based on experience over the last thirty years from the study

of leptonic decays of vector mesons from γ + N → N + (ρ, ω. φ → e+e- ) at DESY and the

discovery of the J particle from p + N → J (→ e- e+ ) + ... . These experiments were successful

because they have :
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(a) minimal material in the particle trajectory so that the material itself is not a source of

background nor a source of large angle nuclear scattering;

(b) many repeated measurements of momentum and velocity so as to ensure that background

particles which had experienced large angle nuclear scattering from the detector itself be

swept away by the spectrometer and not confused with the signal.

It was the strict adherence to this procedure that ensured that background rejection of 1010

was indeed possible and made these experiments successful.

Figure 2 shows the AMS-02 detector for the Space Station. It contains the following main

components :

Figure 2 : A TeV Detector in Space : AMS-02 on the Space Station

The value of |Q| is measured independently in Tracker, RICH and TOF.

The signed charge (±Q) and the momentum of the particle (P) is

measured by the 8 layers of doubled-sided silicon tracker in the magnet.

The velocity V is measured by the TOF, TRD and RICH.
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(1) Twenty layers of Transition Radiation Detectors (TRD) identify positrons with a rejection

factor of 102-103 against hadrons from 1.5 GeV to 300 GeV.

(2) Four layers of Time of Flight (TOF) hodoscopes provide precision time of flight

measurements (~ 120 picoseconds) and dE/dX measurements.

(3) The superconducting magnet provides a bending power of BL2 = 0.86 Tm2.

(4) Eight layers (6.45 m2) of silicon tracker provide a proton rigidity resolution of 20% at

0.5 TV and a helium (He) resolution of 20% at 1 TV. Figure 3 shows the calculated

resolution of AMS-02.

(5) Veto counters ensure that only particles passing the magnet aperture will be accepted.

(6) A Ring Imaging Cerenkov Counter (RICH) measures the velocity (to 0.1%) of particles or

nuclei and |Q|.  This information, together with the measurement of momentum in the

magnet, will enable AMS to directly measure the mass of particles and nuclei.

(7) A 3-D sampling calorimeter (ECAL) made out of 15 Xo of lead and fibers measures the

energy of gamma rays, electrons and positrons and distinguishes electrons and positrons

from hadrons with a rejection of 104 in the range between 1.5 GeV to 1 TeV.

     Figure 3 : Rigidity Resolution of P and He in AMS-02.
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It should also be noted that by installing a Star-Tracker (which provides an excellent

angular resolution of 2 Arc sec), AMS will become a sensitive high energy (up to 300 GeV)

gamma ray detector. The measurement of γ → e+ e- will be done by the method similar to the one

used in earlier work at DESY :

(i) No signal at the top layers of the TRD and Veto Counters.

(ii) Trajectory in the magnet measuring the opening angle and momentum of e+, e- from γ → e+

e- and

(iii) the energy measurement of Ee+  and Ee- in ECAL.

Independently, γ can be measured directly in the ECAL by triggering on :

(i) No signal in TRD and Tracker, TOF and Veto Counters.

(ii) One large shower in the shower counter.

The NASA computer simulation on the next photograph shows the location of the AMS-02

spectrometer on the International Space Station.

AMS is the only approved and scheduled large-scale physics experiment on the

International Space Station.  To ensure its success, NASA has organized an excellent mission

management office (see Table 3).  Table 4 is the NASA commitment to the AMS experiment : the

shuttle first test flight for AMS-01 and the second flight to the International Space Station for a 3

to 5 year stay of AMS-02 on the space station.

The recent $10M grant from NASA to MIT is for AMS to build two identical

superconducting magnet systems for safety tests and for the construction of thermal radiators on

the Space Station for AMS-02.
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Table 3: AMS NASA Mission Management Office.
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ATTACHMENT I

1. Letter from Mr. Dan Goldin, Administrator of NASA, dated 14

July 1994, requesting DOE Review of AMS.

2. Letter from DOE dated March 16, 1995 containing

instructions to AMS Review Panel Members.

3. DOE letter dated April 19, 1995 approving AMS.

4. DOE Letter to NASA dated April 24, 1995, requesting that

NASA fly AMS.

5. Letter from P. Rosen (DOE) to D.S. Goldin (NASA

Administrator) containing assessment of March 15, 1999

DOE Review and requesting an additional shuttle flight in

case of slippage of construction of ISS.

6. Letter from NASA Associate Administrators, Arnauld

Nicogossian and Joseph Rothenberg, reaffirms NASA’s

intention to fly AMS on ISS in 2003.
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ATTACHMENT II

AMS Review Reports from

• German Space Agency

• Russian Academy of Sciences

• European Space Agency



26



27



28



29



30


