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Experimental astroparticles 1
Cosmic rays
Indirect search for dark matter
Some experiments
. AMS-02: detailing a modern experiment
Recent results on cosmic rays and their implications

Experimental astroparticles 2
. This afternoon, presented Bylien Masbou
Cosmicrays with photonso astr onomy
Cosmicrays at the highest energy
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- 17361 1806 :Charles Augustin de Coulonabserved that a sphere
Initially charged and isolated loses its electrical charge

An electroscope




17361 1806 :Charles Augustin de Coulonabserved that a sphere
Initially charged and isolated loses its electrical charge

Hectroscopes
are
spontaneously
discharging
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An electroscope




Beginning of 20 century

HenriBecquerel Marie Curie
(18521908) (1867%1934)
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® C.T.R. Wilson
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The radioactivity
could explain M)
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1912:Victor Hessmeasures the atmospheric ionization with
electroscopes during balloon flights at various altitudes: the

lonization increases

lon pairs/(cm?3s)
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This ionization comes

from spacé
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From what are thegompose@ The debate ipassionaten the

19200s

Their intensityvariesd e pendi ng

Ehe New York Times

VOL LOOCK .. N, 27,31,

MILLIKAN RETORTS

HOTLY TO COMPTON
[N COSMIC RAY CLASH

Brings Drama to Session
of Nation's Scientists.

THEIR DATA AT VARIANCE

New Findings of His Ex-Pupli
Lead to Thrust by Millikan
at 'Less Cautious' Work.

Devemsber 31,090

Cosmic rays areharged particlés
More particle from the western directigrositively charged

g’r‘threws
Milikan .
(18681953)

1925: very high energy
g a mma scosyic pys

n where we



1937:Pierre Augempositions three Geiger counters separated of 70 n
at le pic du midi

Cosmic rays arrive in grou@tmospheric shower

Pierre Victor Auger
(18991993)

Vincent Poireau 9



Many new particlesliscovered in the cosmic ray
1932:
1936.
1949:.
1949:.
1949:.
1952:
1953:

Birth of a new sciencegaarticle physicsk

Cosmic rays are replaced agceleratorsvhere
particles are artificially produced

positron e(first observation of antimatter)
MUOTIE
pion’
kaon K
lambd&
XI?
sigmdz
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Composition - F
Charged: electrons protonsnuclei @10';_ R
Neutral : photonsneutrinos 5107 electrons  "*aa, He
Chargedcosmic rays S0k
Helium Heavier positrons
10% nuclei 1% 107

* anti-protons
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100 MeV 1 GeV

Power lawspectruml/E9, g= 2.7-3.5

The measured spectrum results

from theproduction andaccelerationmechanismg$l/E? ,a = 2.0-2.4)
from thediffusion (1/E?, d= 0.3-0.7)

g=a+d
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Where are thegoming fron?

From lo? N S e
. N | ' :

the sun R —

\ From outside
10” our Galaxy
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10° o' 10" ' ' 1w 0
E (eV)




Aurora borealis




At intermediate energiesupernovae remanpsoduce cosmic
rays




At extreme energiegsctive galaxy nucleguasarsor gamma
ray burstsare potential candidates
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Observation

- S::;

Production and Propagation (diffusion)
acceleration in our Galaxy

S

Secondaries’ p i«

o T o

| Gnkoun e mu e, &
Primaries ¢ p ‘=

<v;;'SF)l.;eré o
Primarycosmic rays
Produced direclyn the source
Sources supernovaremnants, pulsars active galactic nuclej quasars
Primaries include
Electrons protonsheliumcar bon, &
Secondaryosmic rays
Originate from thenteraction of primaries onnterstellar medium

Secondaries include
Positrons anti protons, bore, &

Additional source®f electrons and positrons?
L
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In our Galaxymain sourcef primary cosmic rayssupernova
remnants IR

. Very strong magnetic field in thamell of
supernovas

Acceleration
Due to theshock wave
First orderFermi mechanism
Naturally produce aower law
spectrum

This process explains why the cosmic caynpositions similar to
the one from the solar system
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Charged cosmic rays: propagateuivalent toa diffusionin the
Galactic medium
Irregular magnetic field of the diffusive halo = random walk
Diffusion coefficientK(E) = K,6R? (R=p/2)
Free parameter&,, d L, V,, \,
Large uncertaintieson these parameters

h,=200 pc, L=115 kpc, R=25 kpc
Vincent Poireau 19
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Heliospherea region of space
Influenced by the sun (solar wind)

Size 150 AU

Solar wind a continous flow of
charged particles from sun

e andp

Carries thesun magnetic fieldto the
interplanetary space

Solarcycles

Reversalof the sun magnetic field
polarity

Every1ll years

Solar activity going from a minimum
to a maximal intensity

Solar modulatioraffects cosmic rays
below 20 GeV

Deviation from the power law

Vincent Poireau
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A very large fractiorof the Universe content remains mysterious

Ordinary Dark
matter matter

5% 27%

Dark matter: 27% of our Universe is madaiaknown mattefother

V4

than el ectrons, quarks, &)

« Observation». galaxy rotation curve-ray emission,
gravitationallensing,cosmic microwave background
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Best candidatewveakly interacting massive particte WIMP
Massive particles 100 GeVi several TeV
Weakly interactingwith the ordinary matter

Several ways to see its effect

AMS
Annihilation
y+y—e.p.y...
—_—---)
LUX N VA p.p.€,e.y
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Lt+xs<s p+p
Production

LHC
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- Annihilation of theWIMPs
Naturalcrosssection from relic densitys 0 v > &cn@®sl1 0

Electrons e
G Positrons €

~
=

, Protons p
Antiprotonsp

Gamma rays
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COSMIC RAY
EXPERIMENTS




1959@74%IMI
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2004 : PierreA
observatory
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1979a1995:ECHO
Altitude: 17 km

1998:Discovery

Altitude: 400 km



2011: AMS
Altitude :400 km
Let 6s d eﬂt a i

N

20042010: C
Altitude : 40kr - =
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A particle detectom space
Detectchargedparticles andjammarays
From100 MeVto a few TeV

5m x 4m x 3m
7.5 tons
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Launchedrom Cap Canaveral on the16f May 2011
Penultimate American shuttle!
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Spacevidcast Live
STS-134 Mission Coverage

T

-00:00:12

Official Clock

SSME Thrust: 0.0%
Altitude (ft): -23

.

Speed (mph): 0
Range (nm): 0.0

{

Mach: 0.00
G: 0.0

A
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Installation on théSSon the 19 of May 2011
Orbit at400 kmaltitude
One orbit even®0 minutes

Detect the cosmic raysefore they interaah the atmosphere
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Acquis
Continuousoperation 7d/7 24h/24

Acquisition
. ~40 millions events a day
- ~100 GBtransferred every day
. 35 TB of data every year

- 200 TBof reconstructed data every
year

85 billions of eventsecorded since May 2011
- Much more than all the cosmic rays collectethe last 100 years

Will operate at least unt?024
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