The Latest Results from

The Alpha Magnetic Spectrometer on the International Space Station
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AMS: a U.S. DOE led International Collaboration
15 Countries, 44 Institutes and 600 Physicists
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D. Goldin, former
NASA
Administrator
realized the unique

. , potential of ISS for
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NASA support

Mr. William Gerstenmaier has visited AMS
regularly More than 10 times, at CERN, KSC,
ESTEC .

Mr. Mike Suffredini and Mr. Rod Jones have
also strongly supported AMS. Their support
has made it possible for AMS to collect data
continuously

The construction of AMS was, and AMS

operations are, supervised continuously by
NASA-JSC team of Trent Martin, Ken Bollweg
and many others.
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Strong support of STS-134 astronauts (Mark Kelly, Gregory H. Johnson,
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Development of Accelerators
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Energy: 0.0001 eV Energy: 7,000,000,000,000 eV = 7 TeV
Galileo’s work on Gravity Study fundamental building blocks of nature




Largest Accelerator on Earth (LHC) can produce particles of 7 TeV
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However, Cosmic Rays with energies of 100 Million TeV have been observed.

Thehighestenergyparticles are produced in the cosmos



n JEM-EUSO (A. OLINTO)
| \

- Extreme Universe Space Observatory (EUSO)
423 |n the Japanese Experlment Module (JEM)

.-UltraV|oIet telescope to study origin + interactions of
Extreme Energy Cosmic Rays (EECR) with E ~ 10%° eV

ISS providesl0 x more exposure than ground observatories.



Study of Extreme Energies Sources and Interactions

Scaled flux E*°J(E) (m?s'sr!eV
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In the 21st Century,

We enjoy unprecedented
¢ k=L =advancements in technological — =
development such as in the fields of

communication, computers, transportation,
medicine, etc ... which have had
dramatic effects on the quality of life.
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Fundamental Research and Advancements in Technology
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Fundamental Science on the International Space Station (ISS)
There are two kinds of cosmic rays traveling through space

1- Neutral cosmic rays (light rays): have been measured for many years (Hubble, COBE,
Planck, WMAP...). Fundamental discoveries have been made.

2- Charged cosmic rays: Using a magnetic spectrometer (AMS) on ISS is aunique way to

provide precision long term (10-20 years) measurements of primordial high energy
charged cosmic rays.

Light rays

i




AMS: A TeV precision, multipurpose spectrometer

Transition Radiation Detector
Identify electrons Particles are defined by their Time of Flight

charge (£) and energy (E) or momentum (P)
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Tests and calibration at CERN
AMS in accelerator test beams Feb 4-8 and Aug 8-20, 2010
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May 19, 2011: AMS installation completed.
In 3 years we have collected 50 billion events.
This is much more than all Cosmic Rays collected over last century.




Administrator Charles Bolden inaugurated
AMS Payload and Science Operations Centers (POCC), June 23, 2011




The physics objectives-of AMS mclude
The Origin of Dark Matter, £

Isible and is called Dark Matter .
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Positron fraction
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The e* /(e* + e’) = positron fraction decreases up to 10 GeV, as expected,
but from 10 to ~250 GeV is steadily increasing

e* energy [GeV]

1 10 102




AMS Positron Fraction 2013
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Comparison with theoretical Dark Matter Models

@ AMS-02 data on ISS
6.8 million e* events, PRL 110, 141102 (2013)

my =800 GeV

Dark Matter model based on I. Cholis et al., arXiv:0810.5344
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On the origin of excess positrons
If the excess has a particle physics origin, it should be isotropic

Galactic

= N W k n

Significance (o)

The fluctuations of the positron ratio e*/e™ are isotropic.

The anisotropy in galactic coordinates:
0 < 0.030 at the 95% confidence level
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AMERICAN PHYSICAL SOCIETY

EDITORIAL OFFICE

thSlCS 1 Research Road ¢ Ridge, NY 11961-2701 * http://publish.aps.org/
(631) 591-4000 « (631) 591-4141 (fax)

Phvsical Review Letters « Physical Review * Reviews of Modern Physics PROLA « PhyéTf?s
7 May 2013

Dear Dr. Ting,

It is my pleasure to congratulate you on having your paper, “First result from the Alpha Magnetic Spectrometer on
the International Space Station: Precision measurement of the positron fraction in primary cosmic rays of 0.5-350
GeV”, [Phys. Rev. Lett. 110, 141102 (2013)] featured in Physics (http://physics.aps.org/), our new, free
online publication. Physics features commentary on the most important papers that APS publishes, as judged by its
editors in consultation with experts in the field. Your paper was highlighted in a Viewpoint appearing in the 3 April
2013 issue of Physics http://physics.aps.org/v6/40/.

Let me explain briefly how your paper was selected. During the peer review process one of our editors noted your
paper and nominated it to be featured in Physics. That week a committee, including the editors of Physics, chose
your paper as the potential basis of a Viewpoint. The editors of Physics then identified and contacted a qualified
specialist author to prepare a brief commentary on your paper. That specialist was both willing and able to prepare
the piece on short notice, so that your paper and its Viewpoint could be published quickly and simultaneously.

This process is quite selective. The APS published a total of about 18,000 articles last year, but only around
Viewpoints will appear each year. This places your paper in an elite subset of our very best papers. More than 16,000
people were alerted to this Viewpoint via email or RSS feed, and many more came directly via the Physics website.
Readers are even able to view your paper on an open access basis, when they arrive at it through the Physics site.

Physics was created to assist readers in identifying and understanding important papers, and to help authors get more
notice for their best work. I hope we have accomplished this for you and your colleagues and collaborators, and that
you will forward copies of this letter to them. I thank you for submitting to the APS journals.

Yours sincerely,

Gene D. Sprouse
Editor in Chief, American Physical Society



&he New Aork Times

Tantalizing Mew Clues Into the Mysteries of Dark Matter

| By DENMIS OVERBYE
- | Published: April 3, 2013

The dark side of the universe is whispering, but scientists
are stillnot surewhat it issaying.

SamuelTing, a profesor at the Massachusetts Institute
of Technology and a Nobellaureate particle physicis,
said Wednesday that his51.6 billion cosmic ray
experiment onthe International Space Station had
found evidence of “new physical phenomena” that
could represent dark matter, the mysterious stuff that
senves asthegravitational foundation for galaties and
whose identification would rewrite some ofthe laws of
physics.

Space & Cosmos

Fred Merzfor The Mew

York Times

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

The results, hesaid, confirmed previous reports that localinterstellar space is crackling withan
unexplained abundance of high energy particles, especially positrons, the antimatter versionof the
familiar electrons that comprise electridty andchemistry. They could be colliding particlesof dark

matter. Orthey could be coming from previously undiscovered pulsars or other astronomicl monsters,

throwing offwild winds of radiation.

fe Nionde

Matiere noire ou pulsars ?
L'énigme du « chaudron galactique »

SCIENCE & TECHNO

aevvaniTS

ASTROPHYSIQUS

L'expérience AMS embarquée surla Station spatiale internationale apporte de nouvelles
données confirmant que la Voie lactée abrite une source inconnue de particules

THE WALL STREET JOURNAL.

S NEWS
Updated April 3, 2013, 650 p.m.ET

Hint of Dark Matter Found
By GAUTAM MAIK

A space experiment may have identifieda new
particlethat is the building block of dark matter,
the mysterious stuff saidto pervade a quarter of
the universethat neither emits nor absorbs light
The resulis are based ona small amount of data
and arefar from definitive, sCientists said
Wednesday. Yet, they provide a provocative hint
that the puzzle of dark matter—a cosmic prize as
eagerly sought asthe now-discovered Higes
boson—may also beon isway to being solved.

The %2 billion partide detector, or AMS, is
mounted to the internationals pace
station's exterior to gather data.

The results arethefirst obtaned by a 52 billion particle detector, known as 41pha Magnetic
Spectrometer, or AMS, that is mounted onthe exterior of the international space station. It
collects and identifies charged cosmic rays arriving from thefar reaches of space.

The experiment is sponsored by the U5, Department of Energy. It is led by Nobellaureate
Samuel Ting of the Massachusetts Ingitute of Technology and invalves hundreds of scientists
from allover theworld. The latest data willbe published in the journal Physical Review Letters.
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From: Matteo Rini [mrini@aps.org]

Sent: 02 January 2014 19:09

To: Samuel Ting

Subject: your AMS paper as a 2013 Physics Highlights

Dear Sam,

this is just to let you know that your article the firstAMS data has been selected in
our 2013 APS Physics Highlights (http://physics.aps.org/articles/v6/139).

Congratulation on this work, which has generated a lot attention among our
readers, the press and the scientific community.

"o PHYSICAL

Bestregards, S 10f- REVIEW

S Oneyear S —
Matteo g F s

E 120F SEREER LAY &

Z 100f- "‘;'%_i"l;\__p_:’_- s
- 80;— e
Matteo Rini, PhD 3 E e g
De_pgty Editor, Physics s inSPIRE
mrlnl@ap$.0rg 0 AprIMaleunlJuIIAugISepIOctINov[DeclJanIFebIMarIAprlMay g "'*ZCL £
http://physics.aps.org 2013 ana o SRE



https://mmm.cern.ch/owa/redir.aspx?C=lgpXDKMzwE6m9qPgqBKU_XFgrGQH59AIMBINKmJDIK-CTBMkFpaec5lMb6pU90eeU6IpZ96OO9g.&URL=http://physics.aps.org/articles/v6/139
https://mmm.cern.ch/owa/redir.aspx?C=lgpXDKMzwE6m9qPgqBKU_XFgrGQH59AIMBINKmJDIK-CTBMkFpaec5lMb6pU90eeU6IpZ96OO9g.&URL=mailto:mrini@aps.org
https://mmm.cern.ch/owa/redir.aspx?C=lgpXDKMzwE6m9qPgqBKU_XFgrGQH59AIMBINKmJDIK-CTBMkFpaec5lMb6pU90eeU6IpZ96OO9g.&URL=http://physics.aps.org/

Positron Fraction compared with
Collision of Cosmic Rays plus Dark Matter or Pulsar models
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Comment: 3 independent methods to search for Dark Matter

Annihilation (in Space)
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Physics of electrons and protons
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Latest AMS Results and Future Plans

Cosmic rays
Proton spectrum
Helium spectrum
Electron Spectrum
Boron Spectrum
Carbon Spectrum

Boron/Carbon ratio

Oxygen

Dark Matter Future Plans
Positron Fraction Positron Fraction
Anisotropy Anisotropy
Positron Flux Antiproton Ratio
Antiproton Ratio Photons

Antimatter Search

Strangelets Search
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Positron fraction
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New Results on Positron Fraction

1. At much higher energy (up to 500 GeV)
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Positron fraction

2. With much higher statistics

0.3 F
= AMS 2014 e
0.2
3 Pt t
- ¥ ¢ ¢t
0.1 ;—/"%{' L 4
- 11 million positron-electron events
S S R S U R TR S S R
0 100 200 300 400 500
0.3
i AMS 2013 e
o2 | }
i } ¢ } ]l
- $5 st
o qFl b Lt 4 1
O PAMELA
| A Fermi | | 6.8 miIIionI positron-elecltronevents
0 100 200 300 400 500

e* energy [GeV]



Positron fraction

3. Above 206 GeV, Positron Fraction is independent of e * energy

In the energy region 206 — 500 GeV, we fit the Positron Fraction with a straight
line equation: positron fraction= a+b-E
thenb=-(2.6 +18.4)10°
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Positron fraction

New Positron Fraction results compared with models

0.251
- AMS 2014 o
0.2
E Pulsars
0.15|- ‘ ]
- x * .* )
- "* sl
0.1 1 :
— 006‘34
0.05{ e
: €’, e from Collision of Cosmic Rays
0_| I I | | O I | ] ] | | Ll
10 1 "

e* energy [GeV]

33



New Position Fraction Results compared with Minimal Model
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New AMS Results: Measurement of Positron Flux.
The Positron Flux exhibits 3 unexpected behaviours

™ ™
— ¢ AMS-02 m
: gt T
B m’“‘m ik i
| “’ _
- *? Z
| ® _
| ® _
— . —
®

B @ 1. Thefluxincreasesup 2. From 10-35Gev, 3. Above35GeV,there 7
; ® to 10 GeV itis nearly flat is a structure ]
B 1 ] I ] ] 1 ] 1 1 I [ [ ] ]
1 10 10°

Energy [GeV]



N
()

I‘_.l’j_!lllI|IIII|IIII|IIII||I

<

N
o

E3Flux [GeV¥(s sr m*GeV)]
o

-
o

o
—

AMS Positron Flux Data

Comparisonwith early work

™I
Fermi data above 100 GeV are off scale

A A

@#‘W

¢ AMS-02
| PAMELA

} FERMI
4 HEAT

AMS-01
4 CAPRICE

MASS
o

IIII|IIII|IIII

10

10?
Energy [GeV]



E® Flux [GeV*/(s sr m? GeV)]

Electron flux measurement before AMS
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E® Flux [GeV*/(s st m® GeV)]

AMS Electron flux measurement
compared with early work
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(et + e7) flux measurement before AMS
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AMS (e* + e7) flux - New Understanding
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In the past hundred years, measurements of
charged cosmic rays by balloons and satellites
have typically contained ~30% uncertainty.

AMS will provide cosmic ray information
with ~1% uncertainty.

The 30 times improvement in accuracy will
provide new Insights.

The Space Station has become a unique
platform for precision physics research.



During the life time of ISS we expect to obtain 300 billion events
Examples of Future Physics




1. Ascertain the origin of the positron fraction
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2. Search for Antimatter Universe
AMS on ISS

The Universe began with the Big Bang.
After the Big Bang
there must have been
equal amounts of matter and antimatter. g

AMS on the Space Station for ~10 years will search
for the existence of antimatter to the edge of the universe



Carr D. ANDERSON
From accelerators results we found

The production and properties of positrons that every particle has its antiparticle:
owe) Lecwe, Deteomet 12, 108 Matter Antimatter
(Thediscovery of the first antimatter)
electron positron
proton antiproton
neutron antineutron
helium anti helium

mtt T
K+ K-

Fig. 1. A 63 million clectron-volt positron passing through a 6 mm lead plate and

emerging with an energy of 23 million clectron-volts. The lengeh of this Jater path
is at least ten times greater than the possible lengeh of a proton track of this curvature.
(Magnetic field 15,000 gauss.) In all the photographs the maguetic field is direered inro ty
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Question: is there Antimatter Universe?

Universe Anti-Universe ?
ge He
C

Detection of Antimatter Universe

1. Cosmic antimatter cannot be detected on earth
because matter and antimatter will annihilate each

other in the atmosphere.

2. Matter and antimatter have opposite electric

charges. We need a magnetic detector to measure

\

the charge of antimatter.
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Discoveries in Physics

Facility

Original purpose,
Expert Opinion

Discoverywith
Precision Instrument

30 GeV Proton Accelerator (1960’s)
CERN

Nuclear force

Neutral Currents ->Z, W

30 GeV Proton Accelerator (1960’s)

Brookhaven

Nuclear force

2 types of neutrinos
Break down of time reversal symmetry

New form of matter
42% AGLeV Proton Accelerator(1970s) Neutrino physics 5th and 6th types of quark
Electron Positron Collider (1970’s) Properties of ?tﬂafrkir_llsid? protﬁns
SLAC S quantum electricity amily Ot quarxs
pear 3rd kind of electrons
EIPeEcTtFl;in Positron Collider (1980's)  gth Kind of quark Slvon

Large Underground Cave (2000)
Super Kamiokande

Proton life time

Neutrino has mass

Hubble Space (1990’s) Galactic Curvature of the universe,
Telescope survey dark energy
AMS on ISS Dark Matter, Antimatter,... ?

Exploring a new territory with a precision instrument is the key to discovery.



The Cosmos is the Ultimate Laboratory.

Cosmic rays can be observed at energies higher than any accelerator.

The most exciting objective of AMS is to probe the unknown;
to search for phenomena which exist in nature that we have not yet
Imagined nor had the tools to discover.



