


e cosmic ray physics in the GeV-TeV range

* the AMS-02 detector for the ISS in Space:
— anticoincidence counter
— search for anthelium

* the PEBS detector in Earth‘s atmosphere:
— simulation of cosmic ray measurements at the Southpole in

the Earth atmosphere
— prospects for PEBS




* particle physics &

astrophysics are
merging

use particle physics
methods in astrophysics
and get input to particle S e
physics from astrophysics I WMAP 5-year
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* important observations cry for explanations:

— Dark matter exists! What is the nature? Supersymmetry, Kaluza-Klein,

— Where does the asymmetry between matter and antimatter in the
universe come from?




— proton

— helium

— electron
— positron

photon

solar Modulation: ® = 441.641 MV

— antiproton

galdef 599278 / 599298(«)

AMS-01 protons
AMS-01 helium
AMS-01 electrons
HEAT 94/5 positrons
AMS-01 positrons
EGRET photons

IMAX antiprotons
Caprice 94 antiprotons
Caprice 98 antiprotons
BESS 95/87 antiprotons
BESS 02 antiprotons
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learn about sources, acceleration,
propagation, age, grammage of
matter, halo size,...

good agreement of models in the
GeV-TeV range for particles, some
unexplained features in
antiparticle/photon spectra

no primary sources for positrons
and antiprotons are known

sensitive to new physics: dark
matter annihilations e.g. from new
particles in supersymmetric or
Kaluza-Klein Theories




approach for the explanation of the |
baryon asymmetry: 107§ e
* Initial asymmetry

* separation of matter and antimatter [ :
in the early universe S 10°L
g :
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* large CP violation is needed
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detector proposal: detector properties:

* COsSMIC ray measurements — flight time: 100days
@ North Pole or South Pole (total)

* balloon at 40km altitude in the — acceptance: 0.4m?3sr
atmosphere and magnetic field — magnetic field: 1T

— weight: < 2t




* use of program package:
PLANETOCOSMICS based
on GEANT4

* atmospheric model:
\ NRLMSISEOQO

\\ 10GeV proton - magnetic field: IGRF 2005

detection planes around the

- proton Earth

- electron start particles at 500km
- positron altitude

= PHETeM

= heutron %
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primary positrons, 40000m

secondary positrons, 40000m
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AMS-02
In the clean room @ CERN

S120E008548

artist view of AMS-02
on the International Space Station
> 2010




goals of AMS-02:
* precise spectroscopy of cosmic rays
e —— _ il without interactions in the
Star Tracker. N NREIRESEE . ToF atmosphere on the ISS

A\ | (s1.52) » measurement/bounds on antimatter
* indirect dark matter search

subdetectors:

Transition Radiation Detector (TRD)

* classify particles by y=E/m

Time of Flight (ToF)

* trigger, velocity, dE/dx

Tracker + superconducting Magnet (1T)

* track reconstruction, momentum, dE/dx
_ Anti-Coincidence Counter (ACC)

 event selection —» next slide

ing Image Cherenkov Detector (RICH)
TOF * precise velocity mesaurement

s3.s4) Electromagnetic Calorimeter (ECal)

» shower shape and energy determination

Vacuum
Case
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. " S o for measurement of antimatter with

o S ey clean single tracks
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\ | * reduce trigger rate, fast detector (ns):

=

ACC after preintegration: magnet was delayed
— test of nearly all other components

2 panels share
1 lower and
1 upper PMT

Coupling Charged particle Coui:)ling

Clear fiber WLS fiber \ \WLS fibercjear fiber
Scintillator




rejection of internal interactions
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ACC panel

ACC panel
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particle in both
TOF planes

N\ NN
particles
~in ACC only

> tracks to inner volume
S -14 all tracks
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paths in scintillator
thickness: 0.8cm
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travelled path [m]

* beamtest: straight infall to panel

* space: isotropic particle distribution
leads to longer path lengths in scinitillator
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* Simulation: use of testbeam spectra with extrapolation to small
values, system test, flight electronics, position measurements,
Isotropic particle distribution, smearing of signal values: 3[10-¢
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TOF

* check for the ability to
measure particles
between triggers with the

external ACC which could spoil

event the charge
determination

tracker

ACC toy MC with TOF,

Tracker and ACC with
Isotropic particle
distribution and without

: magnetic field
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 PEBS prospects are promising!
—atmospheric and magnetic simulations work fine

—good capabilities to measure positrons and
antiprotons and South Pole or North Pole

 ACC system for AMS-02 works!
—fabrication and preintegration successfully done!
—cosmic test of AMS-02 successful
—good inefficiency for antimatter search




