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Precision cosmology...

No Big Bang

Supernovae

Clusters
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Large scale structures
- (SSDS, ...)

Cosmic MW backgoround
(WMAP, BOOMERanG)

i

Type Ia SuperNovae
(HUBBLE)




Precision cosmology...
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"Standard” cosmological model describes a Universe

e flat, homogeneous.and isotropic on large scale

e composed of:

. park Energ
1 73%

Ordinary matter and radiation 4.4%" %

Cold Dark matter 23 %

Dark energy ; | 73 %
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Antimatter
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Precision cosmology in the spectrum of Cosmic Rays
e EEEE— #
The presence of dark matter
‘annihilation products provides
“a modification of the Cosmic

« {1 particle per m*—second) Rays spectrum provided one has
] enough sensitivity ‘to detect it

[=]
-

Fluxes of Cozmic Rays
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AMS-02:
Knee a large acceptance magnetic

; particle per m*—year) spectrometer in space

Large a'cceptal:lce & long exposure
time -> high statistics

Space -> negligible environmental
background
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The International Space Station *

Dimensions: 108 x 80 m?g

ITnclination: 51.57°, 15.62 revs/d

Orbit: ellyptic at 400 km

AT: -60 = +40 °C
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The AMS-02 detector

TRD
e/p separation

Electronics
crates

CRYOMAGNET and TRACKER i W% 1/ | Electromagnetic CALorimeter
Z, R oy e/p separation, E

Geometrical acceptance: 0.45 m2sr Total weight » 7 T
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Transition Radiation Detector (TRD)
s

Fleece radiator + straw tubes (Xe:CO,)
elp separation > 102 up to 300 GeV

TRD )
(5248 Channels) /i 3D tracki r?g

TOF (s2,82)
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Time of Flight (TOF)
E ———

2+2 la yérs of scintillators,
- Main Tri_g:qer
(5248 Channels) V. Z separation
: . B with few % precision
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Superconducting Magnet
————— l—r

Coils coqled to 1.8 K by 2.5 m3 of superfluid He
Contained dipolar field of BLZ'= 0.85 Tm?

TRD
(5248 Channels)

OF (s2:52)
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First Superconducting Magnet

ever operating in Space!
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Silicon Tracker
B ——

8 la ye_rs double sided silicon microstrip detector

4 ~Z separation
TRD "  Rupto2-3TeV
(5248 Channels) I/
/i or< 2% forR <10 GeV
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Ring Imaging Cherenkov (RICH) *
———— f

2 Racjiators; NaF (eenter), Aerogel (elsewhere)
Z and isotopes separation
* Omass = 2% below 10 GeV/n

TRD B with 0.1% precision
(5248 Channels) ! .
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Electromagnetic Calorimeter
e ————— H’

9 s_uperl'a_yers ofLead + Scint. Fibers

Standalone Trigger

e*, y detection
(52431-319 . og <3% for E > 10 GeV
T i e/p separation > 103

M—Eﬁ«ﬁifﬂl_____“ > 3D imaging
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Origin of Dark matter
s

Several-models provide CDM candidates
(WIMPS)

oark Eﬂérg R.-parity conserving Supersymmetric models
J/ Lightest SUSY particle:

73% ‘neutraling x

Extra-dimensional models

Lightest Kaluza-Klein particle:
n=1 mode of U(1)+gauge boson B(%)

May be discovered at LCH?

e Difficult to correlate with CDM

e Part of the parameter space not
accessible

=) Astrophysical detection of relic WIMPs is needed
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Indirect search of CDM = detection of WIMP annihilation products

e ——————s ‘I’
xx annihilations can produce

Neutrinos

direct production
W decay
Heavy Quarks decay

charged Pions decay *

direct production (strongly suppressed): E, = m, il

« o W decay . ' i 'AMS.._;:'1--'Zhour :
nnnm EEnguEEmsaan bl hGRECLEE R L E TR Enagmsasnnnnn

e Heavy Quarks décay N . L AMS ~‘.Il.-{day
e Leptons and charged Pions decay T ST AMS ~1

' 3wt R Ee L P T T L S LEEL
Photons :
e direct production : EY = my A E

e decay of neutral Pions
P

e indirect production dominant Channels accessible
e Hadronization : E, << my J ,.tO AMS

Antideuterons
e no direct production
e Hadronization + coalescence: E, << my

F. Spada — Antimatter and Dark matter with AMS-02




Dark matter search: Positrons
s ‘J

An excess in the iO GeV region has been reported by HEAT based on a ~10? positrons
sample -

AMS will collect about 10° posjtrons in the 10 < E < 50_"GeV regfon, in 3 years
Main background sources:

rel. abundance - w rejection factor
proténs ~ 10% 102-103 [TRD] x 103{ECAL] > 10°
electrons * 104 [TQF+Tracker]
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Dark matter search: Positrons
I lIl|I

Example of neutralino annihiliation signals observed by AMS in the
positron spectrum with the boost factors™ that fit the HEAT data and
motivated with a inhomogenous dark matter density (clumpiness)

€ CAFRICE (1994
T Gindidan {1095)
¥ EME 1508

HEAT combined {16549, 1965, 20

L
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»
:

X, gaugino dominated
m =91 GeV

*Baltz et al., Ph.Rev D65, 063511
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Dark matter search: Antiprotons & Phoions

F. Spada — Antimatter and Dark matter with AMS-02



Dark matter search: unique feature of AMS-02
'

B RESS W%

W UAPRICT U8

o [ ™ ! eV
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el Combining searches
llloyiiue  in different channels
— increases c?nﬂdence
Kalaza Kiei to DM signals

i A0 < tanif) < 60

P, ®  Benchmark model paints

14
i

Integrated Flux(em” s

100 W0 400 sDd GO0

Meutralino or B, 0 Mass (GeV/c)
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‘positrons

o HEAT 2000
i HEAT 84+85
*® AME 02 MC study

m =238 Qe
£t h¥=i.082
k=072 B =167

— ¢ signal* M5 bkg.
W& bkyg. component
M35 bhg. anly Fit

10 10’




Origin of Antimatter
L} J ]
e In the Big Bang- theory matter and antimatter are created with equal abundances

e The disappearance of antimatter requires barion number violation and another
source of CP violation | .

Antiparticles are produced in
collisions between high energy
» 1 particles and are observed in
“the Cosmic Rays

¢(e+)/ ¢(e’) ~ 101 at 10 GeV
¢(P) / ¢(p) ~ 105 at 10 GeV.

" An antihelium nucleus has very low probability of bemg producéd in collisions:
n(He)/n(He) = 106 - 108

—> its detection indicates the existence of an antimatter area somewhere in the
Universe
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Expected limits on anti-He

B ——————— ‘lp

AMS will collect in three years 2x10° nuclei with energies up to 2 TeV
Sensitivity .up to anti-Iron

The limit put by precursor flight
AMS-01 will be.increased of-a
factor 103

T,

T T rITIm T T T rromm T T T IrI
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Sensitivity: if no antinucleus

is observed -> there is no

antimatter to the edge of
. the observable universe
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Conclusions

] J ]
The AMS experimént, during its 3 year mission, will be able to measure spectra of particles
and nuclei up to Iron in the GeV-TeV range

Dark matter indirect search: :
measure simultaneously and with unprecedented precision the rates and spectra of
positrons, photons, antiprotons, a'nt/d,.euteron
e wconfirm or disprove with high accuracy the excess /n HEAT positron data in the few GeV
region :
e a ysignal from the galactic center will be VISIb/e in AMS in the case of cuspy halo profile
. or extra enhancements ;
e very accurate measurementof the high energ_y tail of the antiproton spectrum

Several models for Dark Matter ceandidat;es can be constrained by the new AMS data

Antimatter search:

If no antinucleus is observed the hyppthesis of barion asymmetry will be strongly favoured
as no antimatter areas are present in the observable universe

"

Accurate study of CR composition-and energy spectrum (H, He, B/C, °Be/*°Be)
L]

Search of new types of matter,(strangelets)

The integration of the detector is almost completed
In 2009, AMS-02 will be ready at NASA KSC for the launch to the ISS
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Thank you!






