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AMS ALPHA MAGNETIC SPECTROMETER

Low Energy Particle
Shield {Aachen)

- joint project of NASA,
] | DOE and foreign agencies
_ | 37 institutes in 10 countries

» Counters _
{Machen Buloanu) .
Project Chronology
g i o - May 9, 1994 meeting with
NASA Administrator
._NdFeB Magnet |
e ——— - DOE panel review of project
rorcs |
(Aschen, ETH Siicon Detector (Geneva, | and approval
Geneva, MIT, s (ETH, Perugia, Turka)
it danray Seanciin. - Experiment delivered to
Detector Configuration for STS-91 Mission - Kennedy Space Center in
December 1997

Science Objectives:

- study the origin and structure of "dark matter” - AMS flight on STS-91,

- determine the presence or absence of antimatter June 2-12, 1998

in distant galaxies and to understand why there is

a conspicuous preponderance of matter over antimatter
in the visible universe. Through the detection of
anti-Helium or anti-Carbon, learn whether stars and
galaxies composed of antimatter do indeed exist

- study the origin and composition of cosmic rays



| AMS Physics Goals
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Testing of AMS payload
at Kennedy Space
Center before integration
into Discovery orbiter
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Fig. 1: Expected cosmic-ray proton Fig. 2: Cosmic-ray proton distribution
distribution with latitude at an altitude of measured by the AMS experiment aboard

00 krn. the Space Shuttie at various latitudes.

Expected distributions of protons  Protons below the magnetic

showing cutoff due to terrestrial rigidity cutoff are trapped

magnetic field on field lines and reenter the
atmosphere

predicted by Trieman
(1953, PR 91, 957)

first observed by Verma
(1967, JGR 72 915)
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region, AMS sees about four times as many
low-anergy positrons as It does electrons.

need to know orientation of
detector in geomagnetic field

probably related to East-West effect

see also measurments by
Voronov et al. (1986, Fizika 9, 19)



AMS - The Next Step

International Space Station
Deployment in 2002

Experiment configuration
changes, including
- superconducting magnet




ACCESS - Advanced Cosmic Ray Composition
Experiment for the Space Station

large area transition radiation detector + hadronic
calorimeter - measure elements 1 <Z < 28 up to
10M5 eV,

ACCESS designed to directly explore the connection
of cosmic rays with supernovae

- small steepening, or "knee", in the power law energy
spectrum of cosmic-rays near 1045 eV is thought to
be associated with maximum possible energies
achievable by direct shock acceleration.

- ACCESS has large enough collecting power to measure
directly the particles near these energies. Direct
measurements can provide important information on
how fluxes of each type of cosmic-ray nucleus acts at high

energy



Instrument Overview

Complete GLAST
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GLAST Spacecraft

r Anticoincidence
and Instrument

Shield

Soma Dimansions s Disdaried
for Cleinly of Frosentalon

Gamma Ray

Instrument is modular. Each module contains
elements of the complete telescope:

— tracker (TKR): single-sided silicon-strip detectors
& converters, arranged in 16 x,y tracking planes;

— ealorimeter (CAL): segmented, hodoscopic array
of CsI(T1) crystals, 10. r.L. thick; readout with PIN
photodiodes;

~ data acquisition system (DAQ): 36 boards connected

via a switched network. Parallel serial readouts with
FIFO buffers;

— anticoincidence shield (ACD): mosaic of plastic
scintillator tiles covering front and sides of army.

Instrument Module ,
-y S — QEMN‘.



GLAST Project History

Development effort began in 1992 as a collaboration involving members of
the high-energy physics (HEP) community and members of the high-energy
astrophysics community:

- initial R&D effort to develop Si-strip based pair telescope funded by
DOE(SLAC) and NASA, 1993;

- GLAST mn_mn.ﬁn by NASA for mission concept study in response to
proposal by collaboration, 1994;

- completion of beam test at SLAC that successfully demonstrates
performance of technologies proposed by collaboration, Nov 1997,

- proposal to NASA for GLAST Technology Development of silicon-strip
based telescope funded, July 1998;

- collaboration proposal to DOE endorsed by SAGENAP and DOE, 1998;

- collaboration currently involves about 100 scientists from U.S., France,
Japan, Italy, Germany, U.K., and Sweden

— GLAST
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Highly-collimated particle jets (e*, e, p, p*, p’, p° ..7)
that emit powerful beams of ¥rays form near the
central massive black hole in some Active Galactic
Nuclei (AGN) and quasars




OWL - rbiting " 'ide-Angle | ight Collectors

Ow will measure the highest energy cosmic ray air showers by observing almospheric scintillafion fight.
Effective Area x solid angle efficiency - 10*5 km2 s¢

expect to observe more than 100 events per year above 2 x 10°20 eV
(assuming fiux of 1 per km2 per s¢ per millennium inferred from 2 events to date)

geomelyfctor abouta factor of 10larger tan any proposed Earhvbased cosmioay delecor

Hih energy end ofcosic ey energy speeum. Specmbes
e Raened by mufiphing e by E/3. Yelow bizngeshovs
the signature of a new source of ulira high energy cosmic rays.
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Highest energy cosmic rays, beyond 10720 eV, presents us with the challenge of understanding their origin. They are uniikely o be galactic and, in light of the
serious energy loss processes (p, gamma) of the Greisen-Zatsepin-Kuzmin (GZK) eflect, protons and nuclei cannot reach us from far-distant extra-galactic sources. Idenifying
acceleration mechanisms to such extremely high energies is a longstanding unsolved mystery in astrophysics.

OWL observations will explore the frontiers of cosmic ray and gamma ray astrophysics, fundamental particle physics, and early universe cosmology, and depending on the
results could have important impact on them all. The decades of data obtained with imaginative pioneering experiments, have raised puzziing fundamental questions which can
only be answered by instruments capable of detecting hundreds of events per year,
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LISA Science: Observe Gravitational Radiation

Coalescenos of masshao biack
holos duting collisions bohwoon
galaxies, perhaps in formation
of masshw black holes, probing
tho central engines pawering
QUBBOIS.

Black holes orbiling masshwa
black holos, providing proclsion
fesiz ol gravilational theory in
tha high-fiokd limit.

Hundreds of galactic binary
slar systormns, many contalning
noutron siars or black hokes,
inchuding sovoral known

binary sysiems.
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Cosmology from

Patrmuitar, o ol . In Thamoruchsar Superess, KATD &SI v, 455 (1697)

Wop dhewedopod & vimdegy b paraeies @ proep oF vepe rnosa discovenies o8 @ Oorain Rabe Juesd
allter & e epopp, wop obarpug soane 5 s 100 high gakcts Iainseie fHiolds —cach oomiledsn
dlarond & Miiiinad il redibnll galavies «-in i saphts oa ihe e Tolobs - moter iebecops
wilh Ty & Beernstein” s wide- ficld camor. We retom ther wooka lnler ke obmercs e sanic
fic|ds. and ther exnming the smages of ull of the wns of idosuends of paloles On sversge,
wnnie o doren Type la supernoy oo willl thes be discovened s before s moos = and shile
Al bwighacning. since the three week i bascline s ke than the Aw time of & Ty |
aiperwng. We follos dhe sopeionss, with speomacngy al masineumm lipht o e Bk
welcsorgee, and wilh plaotoaciry over e Following tsd monthe s e CTRE. WY AL INT. aml
{ pardiowarty for the highest redshilisg ibe Hefble Space Tolesg

file:D:\FermiLab Talk\Supemova\wwwposterla.jpg 10/4/1999



Page 1 of 1

Analysis Steps
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SUPERNOVA COSMOLOGY PROJECT
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Supernova Cosmology Project
Perlmutter et al. (1998)
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Cosmic Genesis and
Fundamental Physics:

Exploration of

Particle-Astro-Nuclear-Gravitational
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Supernova Cosmology Project
Perlmutter et al. (1998)
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In flat universe: £y, =0.28 [+ 0.0835 statistical] [+ 0.05 systematic]

Prob. of fit to A = 0 universe: 1%
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