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Abstract

The Alpha Magnetic Spectrometer is a precision, large acceptance particle physics detector which was deployed
on the International Space Station (ISS) in May 2011. It will be on the ISS for the entire lifetime of the Space
Station of about 20 years. To date, the detector has collected over 24 billion cosmic ray events. Among the physics
objectives of AMS are the search for an understanding of Dark Matter, Antimatter and the origin of cosmic rays as
well as the exploration of new physics phenomena. This report presents an overview of the operations and
performance of the AMS experiment on the ISS as well as the progress of the analysis of the data collected over
one year of operations in space.
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The Alpha Magnetic Spectrometer (AMS) is a U.S.
Department of Energy sponsored experiment

As shown in Figure 2, AMS 1is a precision
multipurpose spectrometer composed of an array of

deployed on the International Space Station for a
long duration mission (10-20 years) searching for an
understanding of the origin of Dark Matter, the
existence of Antimatter, the origin and properties of
cosmic rays and to explore new phenomena from the
venue of space [1]. Figure 1 shows the AMS
Detector as installed as an external payload of the
Space Station.
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Fig. 1. AMS was delivered and installed on the ISS in May 2011.

particle physics detectors to measure the charge (Z),
energy (E~P) of particles and nuclei and a permanent
magnet to measure the momentum [2].

AMS: A TeV precision, multipurpose spectrometer

TRD
Identify e*, e", Z TOF

Particles and nuclei are defined by their

charge (Z) and energy (E ~ P) ZE

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

Fig. 2. The AMS Detector is made up of a central permanent
magnet surrounded by an array of precision particle detectors.
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Charge and energy are measured independently by
the Tracker, Ring Image Cerenkov Counter (RICH),
Time of Flight counters (TOF) and Electromagnetic
Calorimeter (ECAL). The Transition Radiation
Detector (TRD) identifies electrons and positrons by
transition radiation and measures their charge and
identifies nuclei by dE/dX. As seen in Figure 3, the
Magnet and the Veto System (ACC) reject random
cosmic rays. The ACC has a measured efficiency of
better than 0.99999. The AMS magnet was
previously flown in the AMS-01 mission onboard
space shuttle Discovery in 1998 [3]. Over the 12
years between the AMS-01 mission (1998) and AMS-
02 (measured in 2010), the field remained the same
(to <1%).

The Magnet and the Veto System reject random cosmic rays

o '—-

In 12 years the field has
remained the same to <1% efficiency better than 0.99999
(from 1997 to 2010)

Measured veto(ACC)

Fig. 3. The Ams Magnet and the Veto System (ACC) reject random
cosmic rays.

The AMS Detector provides a sensitive search for
Antimatter with Helium/antiHelium > 10'°. As shown
in Figure 4, this is accomplished by:

a) using minimal material in the detector so that
the detector itself does not become a source of
large angle scattering, and

b) conducting repetitive = measurements  of
momentum to ensure that particles which had
large angle scattering are not confused with the
signal, and by multiple independent
measurements of the Charge (|Z|) as shown in
Figure 5.

The AMS Detector also provides a sensitive search
for the origin of Dark Matter with p/e” >10°.
As shown in Figure 6, this is accomplished by:

a) using minimal material in the TRD and TOF so

that the detector does not become a source of
+
¢,

b) using a magnet to separate the TRD and ECAL
so that e+ produced in the TRD will be swept
away and not enter ECAL. In this way, the
rejection power of TRD and ECAL are
independent,

¢) matching momentum of 9 tracker planes with
ECAL energy measurements.

Sensitive Search for Antimatter with He/He >1010

Tracker Entry

Inner Tracker Entry

a) Minimal material in the detector
So that the detector does not become a source of large angle
scattering

b) Repetitive 1ts of
To ensure that particles which had large angle scattering are
not confused with the signal.

Fig. 4. High sensitivity search for antimatter is a goal of AMS.

Multiple Independent Measurements of the Charge (|Z])
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Fig. 5. Multiple independent measurements of the charge of passing
particles.

Sensitive Search for the origin of Dark Matter with ple* >10¢

Tracker Entry

ejection >102
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Tracker Total

rejection >10¢ Tracker Exit

a) Minimal material in the TRD and TOF
So that the detector does not become a source of e*

b) Amagnet separates TRD and ECAL so that e* produced in TRD will be swept away
and not enter ECAL
In this way the rejection power of TRD and ECAL are independent

©) Matching momenturm of 9 tracker planes with ECAL energy measurements

Fig. 6. High sensitivity search for Dark Matter is a goal of AMS.
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The AMS Detector was built in AMS collaborating
universities and institutes around the world and
shipped to CERN-Geneva for assembly, testing and
space qualification testing. CERN provided two test
beam calibrations of the AMS Detector simulating the
detector’s performance with high-energy particles in
space. Figure 7 illustrates a sample of the major
results from the beam testing in 2010. After thermal
vacuum and electromagnetic interference testing at
ESTEC (European Space Agency Test Center) in the
Netherlands, AMS returned to CERN and was flown
to Kennedy Space Center for final tests and prelaunch
processing. On May 16, 2011 at 8:56AM, AMS was
launched to the International Space Station as the
prime payload onboard space shuttle Endeavour (see
Figure 8). AMS was successfully deployed on the S-
3 truss of the U.S. ISS National Laboratory (see
Figure 9) on May 19™ at 5:15AM and at 9:35AM,
AMS began taking data.
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Fig. 7. Major results from the AMS test beam calibration at CERN
(2010)

Figure 8: The launch of space shuttle Endeavour on May 16, 2011.
The 7.5 ton AMS Detector was the primary payload in the shuttle cargo

bay.

Data taking started at 9:35 AM

Figure 9: AMS was successfully installed on the ISS on May 19,
2011 and began taking data about four hours later

AMS operations in space are based around the data
flow between the AMS detector and the AMS
Payload Operations and Control Center (POCC) and
Science Operations Center (SOC), located at CERN-
Geneva. At an average rate of 10 Mbit/s, data from
AMS is transmitted over the High Rate Data Link
(HRDL) on the ISS. Using the Ku radiofrequency
band (Ku band), it is bounced off one of the
geosynchronous Tracking and Data Relay Satellites
(TDRS) and down to the White Sands Ground
Terminal in New Mexico. From there it is directed
over NASA networks to dedicated DOE computers
located within the Payload Operations and Integration
Center (POIC) at Marshall Space Flight Center
(MSFC) where it is written on disk and copied to the
POCC. Commands from the POCC follow this path
in reverse over the Low Rate Data Link (LRDL) using
the S-band. Both a complete and immediate stream of
monitoring data (temperatures, voltages, etc.) at 30
Kbit/s each are also sent from AMS. Located in the
crew quarters onboard the ISS is the dedicated AMS
Laptop which records and stores all AMS data for up
to two months. This data is recovered later whenever
there is a dropout anywhere along the chain. This
flow of data is depicted in Figure 10.

As noted in Figure 11, the thermal control of AMS is
the most challenging task in the operation of AMS in
space. The thermal environment on the ISS is
constantly changing due to solar beta angle (3, the
angle between the ISS orbital plane and the solar
vector as illustrated in Figure 12), the changing
position of the ISS radiators and solar arrays and the
ISS attitude that changes primarily for visiting
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vehicles (as shown in Figures 13 and 14). AMS
contains over 1,100 temperature sensors and 298
heaters which are monitored around the clock in the
AMS POCC to assure that the components stay within
their strict thermal limits and avoid permanent
damage.

e

TDRS Satellites
e

 Ku-Band
< High Rate (down):
Events <10Mbit/s>

-Band
+ Low Rate (up & down):
* Commanding: 1 Kbit/s
Monitoring: 30 Kbit/s

L —

o T
| . White Sands Ground
AMS Payload Operations Control and Terminal, NM
Science Operations Centers

(POCC, SOC) at CERN

AMS Computel"s
at MSFC, AL

Figure 10: AMS Operations: The flow of data from AMS to the
Payload Operations Control Center (POCC) and the flow of
commands from the POCC to AMS.

@ Thermal Control is the most &
challenging task in the operation of AMS

The thermal environment on ISS is constantly changing due to:
— Solar Beta Angle (B)
— Position of the ISS Radiators and Solar Arrays
— ISS Attitude

Over 1,100 temperature sensors and 298 heaters are monitored
around the clock in the AMS POCC to assure components stay within
thermal limits
and avoid permanent damage.

Figure 11: The thermal environment of AMS changes
dramatically as the ISS orbits the Earth every 90 minutes. The
Thermal Control of AMS is critical and is the most challenging task
in operating an experiment in space.
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Figure 12: The solar beta angle is the angle between the ISS
Orbital Plane and the Solar Vector.

Thermal variables:
* ISS Radiator positions
* ISS attitude changes (primarily for visiting

vehicles)

Figure 13: ISS radiator positions and ISS attitude changes
(primarily as a result of visiting space vehicles) change the thermal
conditions to which AMS is exposed.

Thermal variables:
4 * Solar Array positions  *

Solar Array

Figure 14: The ISS solar arrays are constantly changing
position either casting shadows on AMS or exposing AMS to the
direct sun thereby causing extreme thermal variations.
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As shown in Figure 15, the TRD contains 24
heaters, 8 pressure sensors and 482 temperature
sensors, the Tracker contains 4 pressure sensors, 32
heaters and 142 temperature sensors, the ECAL
contains 80 temperature sensors, the TOF and ACC
contain 64 temperature sensors, the magnet contains
68 temperature sensors and the RICH contains 96
temperature sensors all controlled by a system of
computers that relay this vital information to the
POCC and enables and disables the heaters from the
POCC.

AMS Flight Electronics for Thermal Control
D

TRI
24 Heaters
8 Pressure Sensors — TOF & ACC
482 Temperature Sensors i) 64 Temperature Sensors

Silicon Tracker
4 -Pressure Sensors

142 Temperature Sensors

RIC
96 Temperatu

H
re Sensors

Figure 15: AMS Thermal System contains of 1,100 temperature
sensors and 298 heaters.

Only the Tracker and TRD have their own
dedicated thermal control systems. The control of the
other detectors is done by the Global Thermal Control
System.

To read out the 300,000 channels at up to 2 KHz,
we developed a large set of computers (650) which
are programmable from the POCC and which read out
all the different detectors with up to 400%
redundancy.  Hundreds of these computers are
interconnected in a tree like structure with a 100
Mbit/s serial link.

This complex system can be illustrated as follows.

As shown in Figures 16 and 17, the TRD [4]
contain 5,248 pulse height channels which are read
out via 24 Data Reduction computers (UDR) for
analog to digital conversion, data reduction,
formatting and sending to the next level and 4
Readout Computers (JINF-U) for collecting data from
the UDRs, formatting and sending to the next level,
control of 112 high and low voltage, distributing
commands to UDR, combining busy signals and
distributing trigger. Figures 18 and 19 show the TRD
gas Control System. The TRD gas circuit layout (5

kg of CO, and 49 kg of Xe) is also controlled by the
electronics (2 TRD Gas Control Computers —
UCSCM) to ensure the readout of the 482
temperatures and 8 pressure sensors, to control the
heaters, pumps and valves to keep the gas gain
uniform and keep the TRD functioning. The leak rate
of 5 ug/s caused by CO, diffusion corresponds to a
lifetime of approximately 20 years in space.

Transition Radiation Detector (TRD)
Identifies Positrons, Electrons by transition radiation and Nuclei by dE/dX

Figure 16: The TRD identifies positrons and electrons by transition
radiation and nuclei by dE/dX.

TRD Readout Computers

24 TRD Data Reduction 4 Readout
Computers (UDR) Computers (JINF-U)

5,248 Channels,
112 Voltages,

High & Low Voltage Control

«Collect data from UDRs
+Analog to digital i
nalog fo digital conversion *Format, send to next level
« Data reduction:
Pedestal subtraction

Remove empty channels .pistribute command to UDR

«Control High & Low Voltage

«Format, send to next level *Combine Busy signals

<Distribute Trigger

Figure 17: The TRD Data Reduction and Readout Computers.

TRD Gas circuit general layout

Leakrate of 5 ug/s caused by CO,
diffusion corresponds to a Life time
~20 years in Space

Gas circulation

Gas supply

TRD+Manifold Segment (x 10)

Figure 18: The control circuit of the TRD Gas system which
circulates 5 kg of CO, and 49 kg of Xe.
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482 Temperature sensors, 1 RD Gas Control System
24 Heaters
8 Pressure Sensors

2 TRD Gas Control Computers (UGSCM)

Functions:
“Read out 482

8 pressure sensors AMS CAN Buses
Control heaters, pumps and valves to
keep the gas gain uniform and

Temperatures

to keep the TRD functioning for
20 years

Figure 19: The TRD Gas Control Computers enable the TRD to
operate for 20 years.

Figure 20 shows the TRD performance on ISS. As
seen, the proton rejection for TRD at 90% e
efficiency is > 10* in the rigidity region < 600 GV.

TRD performance on ISS
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Figure 20: TRD performance in space at 90% e+ efficiency.

The Time of Flight System [5] consists of two
TOF counter systems installed in the upper and lower
portions of the detector to measure velocity and
charge of particles. The Time of Flight System is
illustrated in Figure 21. As seen, it distinguishes
different nuclei with dE/dX and provides time
resolution of 80 ps at Z=2 and 48 ps at Z=06.

ISs Data Time of Flight System

Measures Velocity and Charge of particles

Events
-4
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R T ] Ll e
Velocity [Rigidity>20GV] Velocity [Rigidity>20GV]

25 30
TOF Charge

Figure 21: The Time of Flight System.

The Silicon Tracker [6] has a coordinate resolution
of 10 wand identifies nuclei by deE/dX. Figure 22
shows the tracker structure and test beam data. The
nine tracker planes have excellent alignment stability.
Figure 23 shows the alignment stability of 3 microns
of the uppermost Tracker plane over 5 months. The
Tracker contain 196,608 pulse height channels which
read out via 192 Tracker Data Reduction (TDR)
computers for analog to digital conversion, data
reduction, formatting and sending to the next level
and 16 Readout Computers (JINF-T) for collecting
data from TDR, formatting and sending to the next
level, controlling the 216 low voltages, combining
busy signals, distribute Trigger and distribute
commands to TDR. These computers are shown in
Figure 24.

Tracker: coordinate resolution 10 u
dE/dX: identify nuclei

W
Test Beam

o ~B5um

MAGNET

Figure 22: The location of the 9 Tracker planes and test beam data.
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AMS Tracker on ISS

The alignment stability (3 microns) of the uppermost Tracker plane (1).
Over 150 days.
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Figure 23: Alignment stability of the uppermost tracker plane over
5 months.
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Figure 25: The Tracker Thermal Control System.

142 Temperature Sensors
4 Pressure Sensors
32 Heaters

Tracker Thermal Control Electronics
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e
«Control of 32 Heaters and pumps

to keep tracker temperature
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+Analog to digital conversion
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+Collect data from TDR
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«Control Low Voltages
*Combine Busy signals
+Distribute Trigger
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- Noise suppression
Cluster finding
«+ Format, send to next level

Figure 24: The Tracker Data Reduction and Readout Computers.

The Tracker Thermal Control System (TTCS) is
operating flawlessly in space. The TTCS is a two-
phase system which exchanges gas and liquid coming
from the Tracker via the Heat Exchanger to a
Condenser converting the gas back to its liquid phase.
The CO, is then delivered by accumulator and
pumped back into the Tracker to maintain the
temperature to approximately 10° C. This routing is
shown in Figure 25. The TTCS is controlled by 2
Tracker Thermal Control Computers (TTEC) which
readout the 142 temperatures and 4 pressure sensors
shown in Figure 26. In reverse, the TTEC also
controls the 32 heaters and pumps to keep the tracker
temperature constant to 1 degree C. AMS has
maintained excellent temperature stability over time
as exemplified in Figure 27.

Figure 26: The control electronics for the Tracker Thermal
Control System has the function of reading out the 142 thermostats
and 4 pressure sensors and maintaining a constant temperature
within 1 degree C.

AMS Tracker on ISS

Stability of the temperature of Tracker planes 5 and 6 over 4 months
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Figure 27: Temperature stability of Tracker Planes 5 and 6 over 4
months.
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The Ring Image Cerenkov Counter (RICH) [7]
contains 10,880 photosensors and 21,760 Signal
Pulses to identify nuclei and their energy. Figure 28
shows the RICH and a sample event displaying the
characteristic ring shape. The radius of the ring
shows that the nuclei all have rigidity of 160 GV.
The intensity of the ring differentiates different
nuclei. Figure 29 presents a clean event penetrating
the AMS upper Tracker, TRD, upper TOF, inner
Tracker, Lower Time of Flight, RICH and lower
Tracker. Figure 30 presents an event as seen by the
RICH followed by the signal of a nuclei in the TeV
range detected by the RICH in Figure 31.

The Electromagnetic Calorimeter [8] is shown in
Figure 32. It is made up of 50,000 optical fibers
distributed uniformly inside 600 kg of lead in 9
superlayers to provide 3D measurement of shower
shape in 17 Xo to measure energy (3% resolution) of
electrons and gamma rays up to 1 TeV. The data
from ISS E-Cal proton rejection is shown in Figure
33.

Ring Imaging CHerenkov (RICH) 160 Gv

T R | 4
L o SRRR

Figure 28: The Ring Image Cerenkov counter identifies nuclei and
their energies.

Data from 1SS
1498136 / 219985 GMT Time 2012-071.20:50:42
.

Figure 29: A signal of an event traversing the AMS Detector and
reported energies by each detector.

Data from ISS
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Figure 30: A signal of an event recorded by the RICH.

Nuclei in the TeV range
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50,000 optical fibers, ¢ =imm, distributed uniformly inside 600 kg of lead
in 9 super layers (5 X, 4Y) provide 3D measurement of shower shape in 17 Xo
to measure energy (3% resolution) of electrons and gamma rays up to 1 TeV

Figure 32: The AMS Electromagnetic Calorimeter measures
energy of electrons and gamma rays up to 1 TeV.
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Figure 33: E-Cal proton rejection data from the ISS at 90% e Figure 35: 1.03 TeV electron recorded by AMS.
efficiency.
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The AMS detectors, Data Acquisition and ‘ 7 %
Thermal Systems have all functioned as designed. In — = - -
the first 18 months of operations in space, AMS has '
collected over 24 billion events. Every year AMS

will collect 16 billion events. | ' /] | . U
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Among the physics objectives of AMS is the | e vow —1 ven
search for the origin of Dark Matter (Figure 34). The g

collision of cosmic rays produce e”. Collisions of
Dark Matter will produce additional e”. The

o i) cxild
o . + o, R 2t
characteristics of this excess of e” can be measured oo e atet
very accurately by AMS.
Figure 36: 1.1 GeV electron and 1.1 GeV positron recorded by
. - AMS
Physics Fxample of AMS: Search for-the origin of Dark Matter:
/ . - \ L 3 < :
Electron E=10.1 GeV Positron E=9.5 GeV
Run/Event 1314950197/ 296945 Run/Event 1316692684/ 283617

Figure 34: The characteristic excess of e+ can be accurately
measured by AMS

Figures 35 through 39 present AMS data from the Figure 37: 10.1 GeV electron and 9.5 GeV positron recorded by
ISS. AMS.
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Positron E=100 GeV
Run/Event 1334274023/ 338433

Electron E=99 GeV
Run/Event 1318944028/ 505503
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Figure 38: 99 GeV electron and 100 GeV positron recorded by
AMS.
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Figure 39: 982 GeV electron and 636 GeV positron recorded by
AMS.

Our first publication will be on the e'/(e'+¢") ratio
over the e" energy range from 0.5 GeV to 350 GeV to
an accuracy of 1 to 2%. The e'/(e'+¢) ratio is a
sensitive indicator of neutralinos as a candidate of
dark matter. Subsequently, we will extend this
measurement to 400, 500 GeV,... when there are
enough statistics.

In the energy range between 65 to 100 GeV, we
have 1,600 background free positron events. Figure
40 shows a comparison of recent experiments.

In addition to Dark Matter, one of the main
objectives of AMS is the search for Antimatter (see
Figure 41).

AMS
1600 e+ events (65-100 GeV)
Error size ¢

e*/(e*+e)

107
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y ot al..Phls.Rev. Lett. 93 (200
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B 646(2007) -+t
iani etial.,/As; . Phys. 34 (2010)
a 48 (2012)

1 10 10°
Energy (GeV)

Figure 40: Data from recent experiments. Note AMS error size for
1600 e” events (65-100 GeV).

Unlike experiments which are searching for
Antimatter through indirect means, AMS is distinct in
its direct search for Antimatter through increased
sensitivity (x 10° — 10° and increase in energy to
~TeV.

Physics Example of AMS: Search for Antimatter

Direct Search for
search | Baryogenesis
New CP Proton decay
BELLE Super K
BaBar (TP > 6.6*10% years )
(sin 2= 0.672+0.023
consistent with SM)
FNAL KTeV
(Re(e'/ €) = (19.242.1)*10%)
CERN NA-48
CDF, DO
v
AMS LHC-b, ATLAS,CMS

Increase in sensitivity: x 10°-10° Nq explanation found for the absence
Increase in energy to ~TeV of antimatter (no reason why
antimatter should not exist)

Figure 41: No explanation has been found for the absence of
antimatter so there is no reason why antimatter should not exist.
AMS is conducting a direct search for Antimatter from original
sources in space.

To search for Antimatter nuclei, one must ensure
the detector is capable of detecting all nuclei. Figure
42 shows the AMS measurement of nuclei on the ISS
covering the elements in the Periodic Table.
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Physics Example of AMS
AMS Nuclei Measurement on ISS

Entries

H
IHe
l i C
L B
Be N °

Figure 42: AMS nuclei measurement on the ISS.

The search for new phenomena is also a

main objective of the AMS Experiment. As an
example, AMS will continue its search for
“Strangelets” begun during AMS-01. If there is

material in the universe made up of u, d, and s quarks,
then AMS will be able to detect it and definitively
answer the question why is all material on Earth made
only out of u and d quarks only. “Strangelets” are
described in Figure 43.

Physics Example of AMS: “Strangelets”

E. Witten, Phys. Rev. D,272-285 (1984)
Jack Sandweiss, Yale

All the material on Earth is made out of u and d quarks

u
u Diamond (Z/A ~ 0.5)
u

Is there material in the universe made up of u, d, & s quarks?
S s u
)
u g s us
4 U S Strangelet (ZIA <0.1)
S u
dilsu u

This can be answered definitively by AMS.

u

Figure 43: The study of “Strangelets” is one of the objectives of
AMS.

Other examples of ongoing studies include the
following.

- Boron/Carbon ratio up to TeV. As shown in
Figure 44, the precise measurement of the energy
spectra of B/C provides information on Cosmic Ray
interactions and propagation as well as interactions
with interstellar medium.
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Physics Example of AMS
B/C ratio up to TeV

Precise measurement of the energy spectra of B/C
provides information on Cosmic Ray Interactions and Propagation

Interactions with the Interstellar Medium:
C+(p,He) > B+...

] Diffusion

> HALO Convection

g :>' l AM7) /\ . Reacceleration

: E J — 4 Disk Interactions with the

o - ] o Interstellar Medium (ISM):
N 27 x 103 ly (B) « Fragmentation

l * Secondaries

+ Energy loss
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Figure 44: Boron to Carbon ratio up to TeV region is studied by
AMS.

AMS measures the charge of Carbon in multiple
independent measurements as seen in Figure 45.
Figures 46 to 51 include measurements of Boron and
Carbon at various rigidities.

Multiple Independent Measurements of the Charge (|Z])

Carbon (Z=6)
AZ (cu)
0.30

1. Tracker Plane 1

----2.TRD 0.33

0.17

0.15

fffff 5. Lower TOF
6. RICH
7. Tracker Plane 9

0.20
0.32
0.30

Figure 45: Multiple independent measurements of the Charge (|Z])
for Carbon.

Rigidity ~ 3 GV

Carbo
Rigidity=3.3 GV
Run/Event 1327519853/ 487070

Boron
Rigidity=3.7 GV

Figure 46: Boron to Carbon with Rigidity ~3 GeV.
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Rigidity ~ 20 GV

Boron Carbon
Rigidity=24 GV Rigidity=24 GV

Run/Event 1329490720/ 473181

Run/Event 1326201809/ 798775

Figure 47: Boron to Carbon with rigidity of ~20 GeV.

Rigidity ~ 200 GV
Carbon

Boron
Rigidity=187 GV Rigidity=215 GV
RunfEvent 13290862991 747549

Figure 48: Boron to Carbon with Rigidity ~ 200 GeV.

Rigidity ~ 700 GV
Boron Carbon
Rigidity=680 GV Rigidity=666 GV

Run/Event 1327184805/ 266043

Figure 49: Boron to Carbon with Rigidity ~ 700 GeV.

Carbon Fragmentation to Boron in Upper TOF

Figure 50: Carbon Fragmentation to Boron observed in the Upper
Time of Flight with Rigidity of 10.6 GeV.
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Figure 51: Boron to Carbon as observed in the RICH.

AMS is also studying particle yield. Figures 52
and 53 present examples of the He rate as a function
of events/sec/GV and Rigidity.

Physics Example of AMS: Particle Yield
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Figure 52: Example of particle yield: He rate from AMS
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Figure 53: Example of particle yield: *He and ‘He rates from AMS.
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To summarize, as noted in Figure 54, there are two
kinds of cosmic rays traveling through space: Neutral
cosmic rays (which have been measured for over 50
years) and Charged cosmic rays. Following
experiments with balloons and satellites, AMS, using
a magnetic spectrometer, is providing precision, long
duration (10-20 years) measurement of high energy
charged cosmic rays.

The ISS is an ideal platform for fundamental
research and the study of charged cosmic rays from
original sources in space. Indeed, the Cosmos is the
ultimate laboratory, as seen in Figure 55, for the
exploration of new physics and astrophysics
phenomena.

Fundamental Science on the International Space Station (ISS)
There are two kinds of cosmic rays traveling through space
1- Neutral cosmic rays (light rays and neutrinos):

Light rays have been measured (e.g., Hubble) for over 50 years.
Fundamental discoveries have been made.

2- Charged cosmic rays: Following the pioneering experiments with balloons and satellites,
using a magnetic spectrometer (AMS) on ISS is a unique way to provide precision long
term (10-20 years) measurements of high energy charged cosmic rays.

Light rays
i

Figura 54: Two kinds of Cosmic rays traveling through space:
Neutral and Charged Cosmic Rays.

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.

Figure 55: Among the physics objectives of AMS, the most
exciting is to explore the unknown with a precision instrument.
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