Title: Dark matter indirect research with the Pamela Space Experiment
Date: Jan 14, 2009 02:00 PM
URL: http://pirsa.org/09010005

Abstract: The PAMELA satellite-borne experiment was launched from the Baikonur cosmodrome on the 15th of June 2006. It has been col
data since July 2006. The instrument is composed of a silicon-microstrip magnetic spectrometer, a time-of-flight system, a silicon-tur
electromagnetic calorimeter, an anticoincidence system, a shower tail counter scintillator and a neutron detector. The primary scientific goe
measurement of the antiproton and positron energy spectrum in order to search for exotic sources, such as dark matter particle annit
PAMELA is also searching for primordial antinuclei (anti-helium), and testing cosmic-ray propagation models through precise measurements
energy spectra of light nuclei and their isotopes. Moreover, PAMELA is investigating phenomena connected with solar and earth physics. T
results obtained in the explored research fields and in particular for antiproton-proton and positron-electron ratios will be presented.
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» \Victor Hess ascended to 5000 m in a balloonin 1912

» ... and noticed that his electroscope discharged more
rapidly as altitude increased

» Not expected, as background radiation was thought to
be terrestrial

» NPP 1936 (with Carl ‘e”” Anderson)
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Primary cosmic ray

Top of atmosphere

verburden ~3 g/cm
Almost all data on
cosmic antiparticle
from here.
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Primary cosmic ray
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Fluxes of Cosmic Roys
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Primary cosmic ray
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PARTICLE PHYSICS BIRTH WAS DUE TO COSMIC RAYS

1890 1900 1910 1920
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Hesse. Wulf., Wilson. Anderson.
Bothe. Kohlorster. Nalhikan.
Blackett. Skobeltsvn. Rochester.
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The first historical measurements on galactic

antiprotons
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search for the existence of Antimatter in the Univer:

£
e 3 0. *2 A
3 O - S
v . 2 ~ gL
S . D =
' ﬁ v e

The Big Bang origin of the Universe requires S 'j $
matter and antimatter
to be equally abundant at the very hot beginning
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Antimatter Direct research

= Antimatter which has escaped as a cosmic
ray from a distant antigalaxy

Sreitmatter, R. E., Nuovo Cimento, 19, 835
(1996)

« Antimatter from globular clusters of
antistars in our Galaxy as antistellar wind or
anti-supernovae explosion

K. M. Belotsky et al., Phys. Atom. Nucl. 63,
233 (2000), astro-ph/9807027




Dark Matter

he peripheral stars of the
j1alaxy M63_rotate around

ould fly away i

ithout the presence o
idditional mass inside the
jalaxy. This is indirect

pvidence for the presence
f dark matter




Dark Matter

Evidence for the existence of an unseen, "dark”, component in
the energy density of the Universe comes from several
independent observations at different length scales:

Rotation curves of galaxies cHg Large Scale Structure
-.:«: ‘-.'__ o !
Galayy clusters Lensing
- .
L]
-
-- -
J-
" - Fl -

Bertone, Hooper & Silk, hep-ph/0404175. Bergstrom, hep-ph/0002126. Jungman et al, hep-ph/9506 380




Matter in the Universe

Microwave Anisotropy N -y
i L e | =] N . 5
Explorer Mission

(Universe is flat)
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The SUSY Particle Spectrum
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Signal (supersymm etry)...
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Another possible scenario:
KK Dark Matter

Lightest Kaluza-Klein Particle (LKP): B'Y
Bosonic Dark Matter:
fermionic final states
B' f B I no longer helicity
. suppressed.
e+e final states
; f directly produced.

wﬂ
-
o

B g Y

As in the neutralino case i 5. Pl

there are 1-loop -
processes that produces P Y @

monoenergetic -
vy in the final state. P o
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Another possible scenario:
KK Dark Matter

Lightest Kaluza-Klein Particle (LKP): B'Y

Bosonic Dark Matter:
fermionic final states

B' f B I no longer helicity

! ¢! suppressed.

e+e final states
B' f B f  directly produced.
B @O Y
As in the neutralino case s = .
there are 1-loop o
processes that produces Sas b Y@
monoenergetic -
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Another possible scenario:
KK Dark Matter

Lightest Kaluza-Klein Particle (LKP): B'Y

B' f B' f

B

As In the neutralino case
there are 1-loop

processes that produces 523 *
monoenergetic

in the final state. i
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Bosonic Dark Matter:
fermionic final states
no longer helicity
suppressed.

e+e final states
directly produced.
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Searches for WIMP Dark Matter




Antimatter and Dark Matter Research

3 5
.3}

Wizard Collaboration

v MASS -1,2|(89,91) v' BESS (93, 95, 97, 98, 2000)
v’ TrampSI (98) v Heat (94, 95, 2000)
v CAPRICE (94, 97, 98) v IMAX (96)

A&'y/ AMS-01 (1998) l




Cosmic Ray Antimatter

Present status
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Charge-dependent COS mic Ray Antimatter

salar modulation
Asaocka Y Etal 2002 Present status
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Charge-dependent Cosmic Ray Antimatter

solar madulation
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What do we need?

s« Measurements at higher energies
= Better knowledge of background
= High statistics

s Continuous monitoring of solar modulation




PAMELA
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation

Study of terrestrial magnetosphere
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU

Search for dark matter annihilation
Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation

Study of terrestrial magnetosphere
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Pamela as a Space Observatory at 1AU

Search for dark matter annihilation
Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation

Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar moduiation

Study of terrestrial magnetosphere
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU

Search for dark matter annihilation
Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation

Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU

Search for dark matter annihilation
Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation

Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation
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Pamela as a Space Observatory at 1AU

Search for dark matter annihilation
Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation

Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
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Study of cosmic-ray propagation
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Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU
Search for dark matter annihilation
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Study of cosmic-ray propagation

Study of solar physics and solar modulation
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Search for dark matter annihilation

Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local sources?)
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Pamela as a Space Observatory at 1AU

Search for dark matter annihilation
Search for antihelium (primordial antimatter)

Search for new Matter in the Universe (Strangelets?)

Study of cosmic-ray propagation
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Study of terrestrial magnetosphere
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Search for dark matter annihilation
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Study of cosmic-ray propagation

Study of solar physics and solar modulation
Study of terrestrial magnetosphere

Study of high energy electron spectrum (local socurces?)
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Pamela as a Space Observatory at 1AU
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Search for antihelium (primordial antimatter)
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Study of cosmic-ray propagation
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