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The AMS Experiment

The aim of the AMS experiment is to install a particle detector on the ISS to
perform a high precision study of the cosmic rays
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AMS will perform accurate
measurements of
energetic cosmic rays
(0.1 GeV to 2 TeV)



The AMS-02 detector

Range
Subdetectors Precigio/n
P=mv
Magnet BL? 0.78 Tm?
« Planes 8
Tracker
. V.V (C a(p) / p 1.5 %
separatee fromp,p | TRD & EMC | e/p - y < 10%
RICH a(B)/B 0.1 %
< Veto
EX Counter
i
E Particle Egﬁ;gey
p* 1 TeV
] He,....,Fe 1 TeV/n
RICH oF ViV<C /
Q He?, He* Be®, Be1? Light Isotopes 10 GeV/n
X _ P 350 GeV
Calorimeter €,y e+ 350 GeV
Anti - He,C, ... 1 TeV/n
e 1 TeV
% 1 TeV




The AMS Experiment

Why on the ISS ?

- Orbit Altitude 350 km

bower 2 kW

8N 'S Weight 7T

Exposure Time > 3 years




The AMS Science Program

Accurate study of the nature and composition of the cosmic rays
and the relative abundances of light isotopes

— CR Astrophysics
Source abundances
Acceleration mechanisms
Propagation models

Precise measurement of the antiproton, positron and y-ray fluxes
-~ Dark Matter
Many candidates from
Particle Physics
(SUSY neutralinos, KK Bosons ...)
X + X° - P+ ...
- et+ ...
> VY + ..

Antimatter (H_e, E) search 103 - 10° more sensitive than current
limits
- Baryogenesis
B non conservation
CP violation
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Precision study of the properties of Cosmic Rays
I. Fluxes of individual elements Z=1-26 (0.1 GeV/n - 1 TeVIn)
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Precision study of the properties of Cosmic Rays

Ii. Propagation Parameters (diffusion coefficient, galactic winds, ...)

Secondaries / Primaries, Isotopic ratios....
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iii. Cosmic Ray confinement time
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An application of AMS Cosmic Ray data:
Interpretation of the Egret Gamma-Ray “Excess”

Strong & Moskalenko (1999) “Standard model” Revised model (2004) does
fails to explain EGRET observations: explain GeV gamma-ray excess.
apparent excess above 1 GeV.

A. Strong, I. Moskalenko, astro-ph/9906228 A. Strong, et al., astro-ph/0406254
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Antiprotons & Positrons

ANTIPROTONS | 100 | POSITRONS
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1999 Model — blue line, 2004 model - green line
The existing data cannot distinguish the two models
To calculate the correct Y -ray spectrum requires detailed knowledge of all

the charged particles and nuclei flux as a function of energy.
AMS will provide this information.
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Search for Cold Dark Matter

Many candidates from Particle Physics:

SUSY neutralinos (x°)
Kaluza-Klein bosons (B)

XOX0 — qﬁ, WW, ZZ, YV, I - structures in the spectra of
e+l BI DI Y

* J.J Beatty et al., PRL 93 (2004) 241102
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arXiv:0810.4995v1
PAMELA (A pPayload for Antimatter Matter Exploration and Light-nuclei Astrophysics) (28 October 2008)

Observation of an anomalous positron abundance in the cosmic radiation
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Positrons are known to be produced in interactions between cosmic-ray nuclei and interstellar matter ("secondary production™). Positrons may,
however, also be created by dark matter particle annihilations in the galactic halo or in the magnetospheres of near-by pulsars. The nature of dark
matter is one of the most prominent open questions in science today. An observation of positrons from pulsars would open a new observation
window on these sources. Here we present results from the PAMELA satellite experiment on the positron abundance in the cosmic radiation for
the energy range 1.5 - 100 GeV. Our high energy data deviate significantly from predictions of secondary production models, and may constitute
the first indirect evidence of dark matter particle annihilations, or the first observation of positron production from near-by pulsars. We also present
evidence that solar activity significantly affects the abundance of positrons at low energies.



Nature 456, 362-365
ATIC (Advanced Thin lonizaton Calorimeter) (20 November 2008)

An excess of cosmic ray electrons at energies of 300-800 GeV
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J Chang et al. Nature 456, 362-365 (2008) doi:10.1038/nature07477

Galactic cosmic rays consist of protons, electrons and ions, most of which are believed to be accelerated to relativistic speeds in supernova
remnants® #3. All components of the cosmic rays show an intensity that decreases as a power law with increasing energy (for example as E-2.7).
Electrons in particular lose energy rapidly through synchrotron and inverse Compton processes, resulting in a relatively short lifetime (about

105 years) and a rapidly falling intensity, which raises the possibility of seeing the contribution from individual nearby sources (less than one
kiloparsec away)®. Here we report an excess of galactic cosmic-ray electrons at energies of 300-800 GeV, which indicates a nearby source of
energetic electrons. Such a source could be an unseen astrophysical object (such as a pulsar® or micro-quasar®) that accelerates electrons to those
energies, or the electrons could arise from the annihilation of dark matter particles (such as a Kaluza—Klein particle’ with a mass of about 620 GeV).


http://www.nature.com/nature/journal/v456/n7220/pdf/nature07477.pdf#B1
http://www.nature.com/nature/journal/v456/n7220/pdf/nature07477.pdf#B2
http://www.nature.com/nature/journal/v456/n7220/pdf/nature07477.pdf#B3
http://www.nature.com/nature/journal/v456/n7220/pdf/nature07477.pdf#B4
http://www.nature.com/nature/journal/v456/n7220/pdf/nature07477.pdf#B5
http://www.nature.com/nature/journal/v456/n7220/pdf/nature07477.pdf#B6
http://www.nature.com/nature/journal/v456/n7220/pdf/nature07477.pdf#B7
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Electrons & Positrons
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Antiprotons
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Could our universe be matter-antimatter symmetric ?

If so, regions of matter and antimatter are either close to each other and
annihilate or far away from each other, which contradicts the isotropy of
the CMB (Cohen et al., ApJ 495 (1998) 539). This assumes adiabatic
fluctuations (i.e. matter and radiation fluctuate together).

But there could be isocurvature fluctuations (i.e. radiation fluctuates
independently (differently) from matter and antimatter). Matter and
antimatter could be separated by regions of low baryon density and
uniform photon background.

In this case annihilation would be weak. The universe could consist of
large matter and antimatter domains with small voids - the isotropy of the
CMB radiation would not be affected.

90° 2° 0.2°
6000 F - | ' Constraining Isocurvature Initial
- conditions with WMAP 3-year data
4000 _ R. Bean, J. Dunkley, E.Pierpaoli,
2000 k- astro-ph/0606685 v2 17 Aug 2006
! AD: Adiabatic Fluctuations
iy Cl: Cold Dark Matter Isocurvature
5000 - Cross— ; NID: Neutrino Isocurvature Density

correlations NIV: Neutrino Isocurvature Velocity

1 10 00 1000 riso: Isocurvature fraction = 62%
W L L b bl
y (Q,h?2=0.037, Q_h?=0.13, Q,h?=0.75, ...)



Our Universe can have some fraction of antimatter:

Affleck-Dine (AD) Baryogenesis:
Baryon charged scalar inflation field
Consistent with SUSY
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These predictions are consistent with current limits (y’s, AMS-01)

AMS-02 will provide 103 to 10° more sensitivity
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The AMS Experimental Program

Approved (NASA - DOE MOU)
1995

» The AMS international collaboration (DOE partners) is responsible
science management and detector construction.

* NASA provides project management and three shuttle flights:
1. STS-91 for Engineering test
2. a flight to install AMS on ISS S3 truss for 3 years
3. a flight to return AMS

AMS-01: Engineering Fight AMS-02: Science Flight
- Proof of principle - 3yearsonthelSSto
- Background studies in real accomplish the AMS science
conditions Sreiglreinn

STS-91 Jun 98 (10-day mission)

Columbia failure in Jan 03 stopped NASA ISS assembly
Return to flight 1 (Jul 05) and 2 (Jul 06)
NASA resumed ISS assembly activities in Sep 06




Sam Ting's last fling

The International Space Station’s one chance of scientific greatness rests on
a high-profile refugee from the world of the particle accelerator —
butis it too long a shot to be worth taking? Eric Hand reports.



Issue No.49-50/2008 - Monday 01 December 2008

&) The Bulletin

As ide physi o
el el g AMS is ‘go’ for launch!

---------------------------------------------------------------------- President Bush has approved extra funding for one more Space Shuttle

ﬁf(%‘r’gfé‘mgpa”s launch to take the AMS experiment to the International Space Station.
Turkish Prime Minister
tours CERN
CERN apprenticeship
scheme honoured

On 15 October President
Bush signed the NASA
authorization act which will
allow an extra Space Shuttle
flight to deliver the Alpha
Magnetic Spectrometer (AMS)
to the International Space
Station (ISS) in 2010.

2008)

AMS is a CERN recognised
experiment designed to
search for antimatter and
dark matter by measuring
cosmic rays. Itis being
assembled in clean rooms
here at CERN (see Bulletin
No. 40/2007).

subscribe by: =3

Attist’s impression of the AMS experiment onthe Intemational
Space Station.

In 1995 NASA agreed to launch AMS on a shuttle flight to the ISS, but
constraints resulting from the Columbia accidentin 2003, including a
two-and-a-half year suspension of flights, pushed AMS off the NASA
manifest.

It was uncertain if AMS would ever be launched, but after years of speculation
and a considerable amount of effort from the AMS team, one extra shuttle
flight has been added to NASA's manifest before the fleet's scheduled
retirement.

The experiment has wide support from members of Congress, who have
frequently asked NASAto try and find a way to fit AMS in. It was finally passed
unanimously by the full Senate on 25 September 2008, and was passed by
the House on 27 September 2008.

President elect Barack Obama has also issued a statement in favour of the
increase in resources to NASA for the extra shuttle flight for AMS.
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Available online at www.sciencedirect.com
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PHYSICS LETTERS B

E Physics Letters B 646 (2007) 145-154
www.elsevier.com/locate/physletb
Cosmic-ray positron fraction measurement
from 1 to 30 GeV with AMS-01
AMS-01 Collaboration
Abstract

A measurement of the cosmic ray positron fraction et /(eT 4+ ¢7) in the energy range of 1-30 GeV is presented. The measurement is based on
data taken by the AMS-01 experiment during its 10 day Space Shuttle flight in June 1998, A proton background suppression on the order of 106
is reached by identifying converted bremsstrahlung photons emitted from positrons.

© 2007 Elsevier B.V. All rights reserved.
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AMS-02 Subsystems

Matter Antimatter Time of Flight
v,Z

Silicon Tracker

Size: 3M x3m x 3m
Weight: 7 tons




Construction of the AMS-02 Superconducting magnet

2,500 |
Superfluid He
Duration:

. 3years




Transition Radiation Detector: TRD
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Time of Flight (TOF)
Measures the time of relativistic particles to ~ 100 picoseconds
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Silicon Tracker

TRD
(5248 channels)

8 planes, 6.6 m?
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Rina Imadina Cerenkov Counter (RICH) Radiator

2500 L SF Helium
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AMS Physics: 3 years with the magnet operating
then 10+ years without

RICH test beam E=158 GeV/n
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Spectra from 0.1 GeV/n to 30 GeV/n in one week.
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ECAL: A 3 dimensional, 16 X, measurement of the
direction & energy of gamma rays and electrons
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AMS-02 Electronics

Trigger Rate
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TOF&ACC [~~~ G- SDR \
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Event Size E
3.5 Mbit . i .
The AMS electronics is based on Accelerator physics technologies.
It is ~ 10 times faster than commercial space electronics.

Dedicated facilities in Taiwan
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AMS pre-inteSration @CERN
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AMS-02 Current Status

« Maghet@CERN (Dec.2008)

* Final Integration & calibration with beam @CERN (Oct.2009)
 TVT and EMI @ESA facilities (Noordwijk) in (Jan.2010)

* Pre-fligth ops @KSC complete (May.2010)



mailto:Magnet@CERN

a For detailed flow operations refer to
S‘?ﬂ Preliminary Manifest Option 08A-41A
m

Flight Assignment Working Group (FAWG) Planning Manifest

NASA Official: John Coggeshall =
N
USA Project Lead: Barton K, Gifison gkteid
Chart updated: 10-Oct-2008

Endeavour

This chart represents cargo bay

configurations approved by the JCAWG
Green APM #: Flight specific vehicle & launch month

Black APM #: Generic specific vehicle & launch month
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The Space Shuttle Discovery lifts off from Launch Pad 39A at 6:06:24 p.m. EDT June 2 on its way to the Mir space station. On board Discovery
the first on-orbit test of the Alpha Magnetic Spectrometer (AMS) ...
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