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V. Hess

Discoveries of
1936: Muon (M)
1938: 109 eV CR
1949: Kaon (K)
1949: Lambda (A)
1952: Xi (=)
19563: Sigma ()

Physics of Charged Cosmic Rays
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Experimental Challenges

to search for new physics:
xx —> X—e'e,pp,

Signal/background=e*/p< 10*
rejection of background<1/10°
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FIGURE 2. PAMELA positron fraction with other experimental data and with secondary production
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PAMELA Measurements of
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PAMELA Measurements of Cosmic-Ray Proton and Helium Spectra
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FIGURE 4. Assuming an annihilation signature of Kaluza-Klein dark matter, all the data can be
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1- Neutral component:

Y,V
Hubble, Chandra,
GLAST, JWST,

JDEM

Discoveries:

(1) Pulsar,

(2) Microwave,

(3) Binary Pulsars,

(4) X Ray sources,
solar neutrinos

(5) Dark Matter,

Dark Energy
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2- Charged componant: He,Be,C.Fe ==
-~

S. Ting, MIT He

SUPER K

11




AMS is US Dept of Energy (DOE) led International Collaboration
16 Countrles 60 Instltutes and 600 Physicists, 17 years
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The detectors were bth all over the world
and assembled at CERN, near Geneva, Switzerland



AMS: A TeV precision, multipurpose spectrometer

TRD Particles and nuclei are defined by their TOF

ldentify e*, e
- §i charge (Z) and energy (E ~ P) Z E

Z, P are measured independently by the
Tracker, RICH, TOF and ECAL
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A US Air Force C-5 Galaxy
has been used for transport

from Geneva to KSC
25. August 2010







Closing Endeavour’s
Payload Bay Doors
at the Launch Pad
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AMS installed on the ISS
Truss and taking data
May 19, 2011
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Proton Rejection by ECAL and Tracker

Proton Rejection
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Transition Radiation Detector

p*rejection 102 1-400 GeV
acceptance: 0.4m?sr

20 Layers each consisting of:
e 22 mm fibre fleece
e (J6 mm straw tubes
filled with Xe/CO, 80%/20%

o !

1 I % ™\ AMS TRD Prototype X7 Beamtest
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Proton Rejection by TRD

10

Proton rejection at 90% e* efficiency
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In our data sample we identify four components using an ECAL Estimator

and a TRD Estimator.

ECAL-Estimator

E =50-100 GeV
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“First Result from the AMS on
the ISS: Precision
Measurement of the Positron
Fraction in Primary Cosmic
Rays of 0.5-350 GeV”

At bt we wing 3 APRIEL 2013

Selected for a
Viewpoint in Physics and
an Editors’ Suggestion
[Aguilar,M. et al (AMS
Collaboration) Phys. Rev.
Lett. 110, 1411xx (2013)]

Oct. 2013:; 79 citations

Pabinted by
American Physical Society. ~ Volume 110, Number 14



Positron fraction
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Positron fraction

The very accurate data show that the positron fraction is steadily
increasing from 10 to 250 GeV, but, from 20 to 250 GeV,
the slope decreases by an order of magnitude.

e AMS
o PAMELA

A Fermi

20 100 500
e* energy [GeV]



The agreement between the data and the model shows that the
positron fraction spectrum is consistent with e* fluxes each of which is
the sum of its diffuse spectrum and a single common power law source.
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Pulsar or Dark Matter ?

Positron Fraction

Linden, Profumo (2013)
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Expected AMS-02 reach in 10 more years
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ICRC 2013 Results from AMS: Electron Flux J__(E)

— The electron flux measurement extends up to 500 GeV.
Multiplied by E3 it is rising up to 10 GeV and appears to be on a smooth, slowly falling curve above.
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ICRC 2013 Results from AMS: Positron Flux J_,(E)

The positron flux measurement extends up to 350 GeV.

Multiplied by E3 it is rising up to 10 GeV, from 10 to 35 GeV the spectrum is flat

and above 35 GeV again rising.

The spectral index and its dependence on energy is clearly different from the electron spectrum.
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ICRC 2013 Results from AMS:

(Electron plus Positron) Spectrum
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ICRC 2013 Results from AMS: Proton flux

Flux «x R* " (m?sris'GV")

Scaled by R?’
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ICRC 2013 Results from AMS:Helium flux
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Helium flux
Comparison with the latest measurements
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ICRC 2013 Results from AMS
Boron-to-Carbon ratio

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

AMS: Multiple Independent Measurements

of the Charge (|Z|) CarAbZorgc(uZ):6)
. Tracker Plane 1 0.30
. TRD 0.33

. Upper TOF (1 counter) 0.16

. Tracker Planes 2-8 0.12

. Lower TOF (1 counter) 0.16

. RICH 0.32
. Tracker Plane 9 0.30




Rigidity ® 700 GV

Boron Carbon
Rigidity=680 GV Rigidity=666 GV
Run/Event 1319990213/ 235892 Run/Event 1327184805/ 266043
I I — S|de front _ — side
| Tront —-J—n—~— =R o —5.8 3 —

ZiRk_L2-18—2-0

\ | Zricn=4.8

ZTRK_L9_5' 1
- = = -
——
1
L "
[ X 13 |
2 L1 = —
7 It
- r It
It
1 (- |! {
1 n 1
H It It 1
1 [
= It
+ 1 :: I
It It
It
\a‘ 1 It Ii
LA — 1
1 [ e
1 TS
1 -—
T
—_] =




Boron and Carbon: Sample composition
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B/C Ratio
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Measurement of Antiproton flux

Physics importance

* Antiprotons : Only ~10* of
cosmic ray particles

Produced by cosmic ray collisions

e.g. pN — p...
Probe of indirect Dark Matter detection
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AMS in ten years from now

% ol ® AMS (10 years, BG only)
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Cosmic rays can be observed at energies higher than any accelerator.




