
264 2f/1

The AMS  detector: The AMS  detector: 
a particle physics experiment  in spacea particle physics experiment  in space

Roberto BattistonRoberto Battiston
University and  INFN  of PerugiaUniversity and  INFN  of Perugia

Third International Conference on 
Particles and Fundamental Physics in Space 

SPACE  PART  ’06
Beihang University, Beijing

April 19th,  2006



264 2f/2

The universe  is the ultimate laboratory to study fundamental physics…….

Hubble

WMAP, Planck

AMS, 
LISA/BBO

XMM, Swift, Chandra, LISA……

WMAP, Planck
Pol
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…….reaching energies which cannot be studied at accelerators………

AMS
LHC LEP

LISA/BBO
WMAPol
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Messengers are photons,  charged/neutral particles, gravitational waves…….
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18 Orders of magnitude in Energy 

7 orders of magnitude in Energy 
15 orders of magnitude in flux Intensity 
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The purpose of the AMS experiment is to 
perform accurate, high statistics, long duration 

measurements in space  of 

‐ energetic (0.1 GV ‐ few  TV) charged CR

‐ energetic (>1 GeV) gamma rays.
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Cosmic rays

Nobel Prizes,
(1) Pulsar,
(2) Microwave,
(3) Binary Pulsars,
(4) Solar neutrino

X Ray sources
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Alpha Magnetic Spectrometer - AMS-01
First flight, STS-91, 2 June 1998 (10 days)

y99163_04c.ppt

TOFTOF

TrackerTracker

MagnetMagnet

TOFTOF

Cerenkov CounterCerenkov Counter
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Magnetosphere effects
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AMS
2008-2010

February 2006
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G.F. 5000 cm2 sr
Exposure > 3 yrs

dP/P2 ~ 0.004 MDR = 2.5 TV,  h/e = 10-6 (ECAL +TRD)
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AMS-02  goals and capabilities

AMS will identify and measure the fluxes for:
• p  for E < 1 TeV with unprecedented precision
• e+ for E < 300 GeV  and e– for E < 1 TeV (unprecedented precision)
• Light Isotopes for E < 10 GeV/n 
• Individual elements up to Z = 26 for E < 1 TeV/n

Cosmic rays spectra and chemical composition up to 1 TeV

Search for Antimatter in Space

Search for Dark Matter

Absolute fluxes and spectrum shapes of protons and helium are important 
for calculation of atmospheric neutrino fluxes
Composition and spectra are important to constraint  propagation, 
confinement, ISM density
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Protons and helium
• AMS will measure H & He fluxes for E < 1 TeV
• after 3 years will collect ≈108 H with E > 100 GeV
• and ≈107 He with E > 100 GeV/n

6 hours 3 days
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Electrons and positrons
Energetic e+/e– cannot diffuse more than few kpc: they are 
sensitive probes of the Local Bubble and its neighbourhood.
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Nuclei separation LiHe

Be

C
O

N

Si

Test Results from Tracker

Charge measurement: 

TOF, Tracker and RICH

detector

Verified by heavy ion 
beam tests at CERN & GSI.

TOF
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Light isotopes
Hydrogen and helium isotopes (deuterium and 3He) are important tests of Big Bang 

nucleosynthesis which is their main source.

6 hours

1 dayAMS-02 will identify D and 3He 
up to 10 GeV/n

After 3 years AMS-02 will collect 
about 108 D and 3He
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10Be/9Be – radioactive clock

• 10Be (t1/2 = 1.51 Myr) is the lightest β-radioactive secondary isotope having a half-life 
comparable with the CR confinement time in the Galaxy. 

• In diffusion models, the ratio 10Be/9Be is sensitive to the size of  the halo and to the 
properties of the  local interstellar medium

1 year

AMS will separate 10Be  from 9Be for
0.15 GeV/n < E < 10 GeV/n
after 3 years will collect  ≈105 10Be
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Search for
antimatter
at the 10-9

level of sensitivity
with AMS-02

on the ISS
Pamela (2006-2009)

BESS 93-2000 flights

Bess Polar (20 days)

AMS on ISS (2008-2010)
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Dark matter
There are many theoretical suggestions that
SUSY particles (χ) are at least part
of the Dark matter.

J. Ellis et al., Phys. Lett. B, 214, 3, 1988
and M. Turner and F. Wilczek, Phys. Rv. D, 42, 4, 1990
E.A. Baltz, J. Edsjo, P.R. D59, 23511, 1999

y97089_1p.ppt
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Unique 
Feature 

of 
AMS

Combining searches in different channels could
give (much)  higher sensitiviy to SUSY DM signals
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AMS-02

AMS sensitivity to anti D
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ORBITER SILL 
TRUNNIONS



TRD

Upper TOF

Cryomagnet

RICH

ECAL

Lower TOF

GPS

ACC               

Tracker                  

Star Tracker

In Assembly

In Assembly

In Design

In Assembly 

In Design, Manufacturing & Assembly

In Assembly

In Assembly

In Assembly

In Manufacturing & Assembly

In Testing



264 2f/28

ETH
SJTU
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100 Years of Super Conductivity100 Years of Super Conductivity

Super-Conduction at -270°C
(Kammerlingh-Onnes 1911)

Nobel Prizes in:

y01K530_05.ppt

current

I
1913

J. Barden, L.Cooper, J.Schrieffer
Theory of Superconductivity

1972

G.Bednorz, A.Müller
High temperature Superconductivity

1987

2003 A.A. Abrikosov, V.L. Ginzburg, A.J. Leggett
Theory of superconductors and superfluids

H. Kammerlingh-Onnes
Discovery of Superconductivity

Normal conduction Wire

Metal atoms oscillate ⇒ cause friction ⇒ HEAT

I

Metals: Pb, Nb, Ti ⇒ Atoms rest, Cooper pairs of
electrons move frictionless (Quantum Mech.)

current
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Permanent Magnet

B = 0.5 Gauss

Superconducting
Magnet

STEP ONE: Develop a Permanent Magnet in Space 

1- Stable: no influence from earth magnetic field

2- Safety for the astronauts:
No field leak out of the magnet

3- Low weight: no iron

STEP TWO: Develop a Superconducting Magnet in Space 

With the same field arrangement as the permanent magnet:

Except it has 10,000 Gauss field = 1 T

There has never been a superconducting magnet in space,
due to the extremely difficult technical challenges
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It is not possible to quench the coils 
except by outside heating

Technical achievement Technical achievement 
to eliminate quench for AMSto eliminate quench for AMS--0202
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Y04K615 Harrison
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Status
• All coils have been 

individually tested.

• Magnet assembly is 
complete.
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Magnet test facility

• Magnet test facility design is 
nearing completion.

SJTU (Shangai) 
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Transition Radiation Detector (TRD)Transition Radiation Detector (TRD)

y04K370

Functional tests of TRD

All modules have been produced
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“Box S” Assembly & Test““Box SBox S”” Assembly & TestAssembly & Test

MV197 
valves 
assembly
weight 2,5kg

Two Marotta valves 
assemblies
weight 0,75 kg each

Four Marotta valves 
assembly
weight 2.95 kg

C.Gargiulo

CO2 tank 
Tank weight 1,85 kg filled with 4.5kg Isopropyl alcohol
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TRD Performances

20 layer
prototype 
tested with
e-, μ-, π+, p+

Proton rejection   >102

reached up to 250GeV with 90% electron efficiency
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Insert photos of TOF
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Silicon Tracker Silicon Tracker 
All 8 planes, 300,000 channels have been producedAll 8 planes, 300,000 channels have been produced

Tracker on large 3DTracker on large 3D

measuring machinemeasuring machine
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Trends in applications of silicon sensors in tracking detectors

AMS 
Silicon Tracker

has pioneered
in 1998
large 

scale utilization 
of microstrip silicon 

detectors in space

2007
1998
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AMSAMS--02 Silicon  Spectrometer Rigidity Resolution02 Silicon  Spectrometer Rigidity Resolution//

Rigidity (GV)

σ(1/R) = 0.004
MDR = 2.5 TV
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Tracker Thermal Control System
Two-phase pumped CO2 loops

The most advanced cooling technology for space
Key technology for robotic or manned space exploration

SYSU
(Guangzhou)
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Star Tracker 
Design progress
Star Tracker 
Design progress

Electr. board

ccd

lens

Amica
Star Tracker
Support

star  trackers in AMS_02

TRD

VC

baffle

ASTS0

ASTS1
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IHEP Beijing
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ECAL Structural Testing

IHEP 
CALT 

(Beijing) 



264 2f/61



264 2f/62

2007

2008

Thermal vacuum test at ESA, Holland

2007 Assembly at CERN



264 2f/63



264 2f/64

Conclusions
• Cosmic Rays carry important informations about the 

non thermal universe
• AMS-02 has been designed to measure with ppb

accuracy primary CR composition up the TeV region
• These accurate  measurements will allow to undertand

propagation and confinement mechanisms in our
Galaxy

• The study of the rare components would allow to 
search for new phenomena (Dark Matter, strangelets) 
or to better constrain fundamental issues like the 
existence of primordial antimatter
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Accelerator Original purpose Discovery

AGS Brookhaven π N interactions
2 kinds of neutrinos,
Breakdown of time
reversal symmetry,

4-th Quark

FNAL  Batavia neutrino physics 5-th Quark, 6-th Quark

SLAC Spear ep, QED Partons, 4-th Quark,
3rd electron

PETRA Hamburg 6-th Quark Gluons

Super Kamiokande Proton Decay Neutrino Oscillation

AMS on ISS Dark Matter
Antimatter

?

Hubble Space
Telescope

Galactic
Survey

Curvature
of the universe

(1960)

(1970)

(1970)

(1980)

(2000)

Addressing fundamental questions aiming for a breakthrough
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