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

AMS is a precision particle physics detector 
deployed in space to measure charged cosmic 
rays and study their characteristics. 
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5m x 4m x 3m
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Transition Radiation Detector
Identify e+, e-

Silicon Tracker
Z, R

Electromagnetic Calorimeter 
E of e+, e-

Ring Imaging Cherenkov 
Z, E

Time of Flight 
Z, E

Cosmic rays are characterized by charge (Z) and rigidity (R = P/Z)

Z and R are measured independently 
by the  Tracker, RICH, TOF  and ECAL

AMS: A TeV spectrometer

Magnet
±Z
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In 5 years on ISS, AMS has collected over 80 billion cosmic rays;

much more than all the cosmic rays collected in the last century. 

Examples of Physics Results
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To Search for the Origin of Dark Matter

A Galaxy as 
seen 

by telescope

If we could see 
Dark Matter in 

the Galaxy

Collisions of Dark Matter (χ) produce energy which turns into ordinary matter, such as e+. 

7

0.1

10 102 e± energy [GeV] 

AMS‐02 data on ISS

mχ=400 GeV

mχ=800 GeV

e+
/(e

+
+ 

e-
)

Dark Matter model based on I. Cholis et al., arXiv:0810.5344 

6.8 million e± events, PRL 110, 141102 (2013) 



U.S. NEWS
Updated April 3, 2013, 6:50 p.m. ET Hint of Dark Matter Found 

The $2 billion particle detector, or AMS, 
is mounted to the international space 
station's exterior to gather data.

By GAUTAM NAIK

A space experiment may have identified a 
new particle that is the building block of dark 
matter, the mysterious stuff said to pervade 
a quarter of the universe that neither emits 
nor absorbs light.
The results are based on a small amount of 
data and are far from definitive, scientists 
said Wednesday. Yet, they provide a 
provocative hint that the puzzle of dark 
matter—a cosmic prize as eagerly sought as 
the now‐discovered Higgs boson—may also 
be on its way to being solved.

The results are the first obtained by a $2 billion particle detector, known as Alpha Magnetic 
Spectrometer, or AMS, that is mounted on the exterior of the international space station. It 
collects and identifies charged cosmic rays arriving from the far reaches of space.

The experiment is sponsored by the U.S. Department of Energy. It is led by Nobel laureate 
Samuel Ting of the Massachusetts Institute of Technology and involves hundreds of scientists 
from all over the world. The latest data will be published in the journal Physical Review Letters.

Fred Merz for The New York Times

The Alpha Magnetic Spectrometer under 
construction in 2010 at the European 
Organization for Nuclear Research in 
Geneva. 

Tantalizing New Clues Into the Mysteries of Dark Matter
Space & Cosmos

By DENNIS OVERBYE
Published: April 3, 2013 

The dark side of the universe is whispering, but scientists are still 
not sure what it is saying. 

Samuel Ting, a professor at the Massachusetts Institute of 
Technology and a Nobel laureate particle physicist, said 
Wednesday that his $1.6 billion cosmic ray experiment on the 
International Space Station had found evidence of “new physical 
phenomena” that could represent dark matter, the mysterious 
stuff that serves as the gravitational foundation for galaxies and 
whose identification would rewrite some of the laws of physics. 

The results, he said, confirmed previous reports that local interstellar space is crackling with an 
unexplained abundance of high energy particles, especially positrons, the antimatter version of the 
familiar electrons that comprise electricity and chemistry. They could be colliding particles of dark 
matter. Or they could be coming from previously undiscovered pulsars or other astronomical monsters, 
throwing off wild winds of radiation. 

http://online.wsj.com/search/term.html?KEYWORDS=GAUTAM+NAIK&bylinesearch=true
http://online.wsj.com/article/SB10001424127887324077704578359850108689618.html
http://topics.nytimes.com/top/reference/timestopics/people/o/dennis_overbye/index.html
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1. The energy at
which it begins
to increase.

2. The rate of increase with energy
3. The energy beyond which it
ceases to increase.

4. The rate 
at which it 
falls beyond 
the turning 
point.
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New Results on the Positron Fraction
from 11 million events



1.  The energy at which it begins to increase.
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The deviation from the 
traditional understanding 
of the collision of cosmic 
rays shows the existence 
of new phenomena. 



Models are based on 
I. Cholis et al., arXiv:0810.5344
J. Kopp, Phys. Rev. D 88, 076013 (2013)

AMS
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e± energy [GeV]

Pulsars

Mχ = 800 GeV

Comparison with theoretical Models

2.   The rate of increase with energy.



3.  The energy beyond which it ceases to increase.

12e± energy [GeV] 



Models are based on 
I. Cholis et al., arXiv:0810.5344
J. Kopp, Phys. Rev. D 88, 076013 (2013)
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Data to 2024 

4. The rate at which it falls beyond the turning point.
Positron Fraction Measurement compared with models

Pulsar Model

Dark Matter Model



Measurements of Electron and Positron spectra before AMS 
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1. These were the best data over the last hundred years.
2. Nonetheless, the data have large errors and are inconsistent.
3. The data has created many theoretical models.
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AMS data clearly exhibit the different behavior of the electron and positron spectra 
both in magnitude and in the energy dependence
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AMS measurements of the Electron and Positron spectra
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600,000

9,200,000
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Measurements of proton spectrum before AMS

1. Protons are the most abundant cosmic rays.
2. These were the best data over the last hundred years.
3. Nonetheless, the data have large errors and are inconsistent.
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300 million events

AMS proton flux

AMS-02
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New information: The proton flux cannot be described by the 
current theory as has been assumed for decades

AMS proton flux
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1. Helium are the 2nd most abundant cosmic rays and are mostly 
produced in supernovas.

2. These were the best data over the last hundred years.
3. Nonetheless, the data have large errors and are inconsistent.

Measurements of helium spectrum before AMS
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AMS Helium Flux

50 million 
events



AMS Helium Flux
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Rigidity [GV] = Momentum/2
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unexpected

New information: The helium flux cannot be described by the 
current theory as has been assumed for decades



Latest Publication
Unexpected Result

Spectrum of Elementary Particles e+, p, p 
have identical energy dependence above 60 GeV
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Flux Ratio of Elementary Particles p/p 
is energy independent above 60 GeV

Energy [GeV]



Latest Publication
Unexpected Result

Flux Ratios of Elementary Particles p/e+ and p/e+

are energy independent above 60 GeV

Energy [GeV]



Dark Matter Search p/p

Energy [GeV]

The p/p excess cannot come from pulsars 



Spectrum of Elementary Particles 
e+, p, p have identical energy dependence 

e- does not
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positrons: χ + χ → e+ + …
mχ= 800 GeV

I. Cholis et al., JCAP 0912 (2009) 007 

mχ= 400 GeV

Energy (GeV)

e+
/(
e+

+ 
e‐
)

Donato et al., PRL 102, 071301 (2009)

anti‐protons: χ + χ → p + …

mχ= 1 TeV

Search for Origin of Dark Matter
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To understand background, we need precise knowledge of 
the cosmic ray fluxes and their propagation in cosmos

Collisions of Dark Matter particles may produce a signal of  e+, p, …
detected above the background from the collisions of cosmic rays

_
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AMS Measurement of Periodic Table
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Lithium flux from AMS

Orth (1978)
Juliusson (1974)

unexpected



30動能(億電子伏/核子)

Carbon Flux from AMS
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C2/HEAO3 (1979-1980)

CRN/Spacelab2 (1985)

CREAM-II (2005-2006)

AMS02 (2011-2015)

2.1 million nitrogen nuclei

Nitrogen Flux from AMS



Oxygen flux (Z=8), primary

Nitrogen flux (Z=7),
partially primary, 

partially secondary

Boron flux (Z=5),
secondary

Fluxes of Light Nuclei:
primaries & secondaries
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AMS physics for the lifetime of the Space Station
Accurate measurement (~1%) of Cosmic Rays to higher energies including:

a. Complete the study of Dark Matter
b. Search for the Existence of Antimatter
c. Search for New Phenomena, … 

The latest AMS measurements of the positron fraction, the behavior of the fluxes of 
electrons, positrons, protons, helium, and other nuclei is providing new, precise, and 

unexpected information.  
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In the past century, measurements of charged cosmic rays 
have typically contained ~30-50% accuracy.

AMS is providing cosmic ray information with ~1% accuracy.
This improvement in accuracy provides new insights.
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