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Big Questions

What the universe is made of ?

How the Universe change with time ?

Why matter is organized in stars, galaxies, ...?

How fundamental particle physics | related to the large scale?
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Dark Matter history

We know about the Dark Matter existence

from his gravitational effects Relative motion of Galaxies

, The Bullet cluster
Galaxy rotation curves
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The PLANK CMB sky



The Cosmic Equation

QT: QA + QDM + QLM
QNB + QB
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What Dark Energy is ?
What Dark Matter is made of ?

Is Anti-Matter really gone ?
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the Cosmic Rays

A flux of Ch_arge?l particle from the galaxy that C. Evoli, http://doi.org/10.5281/zenodo.2360277 (2018)
constantly irradiate the Earth

Their abundance versus the energy follows a power
law : F=E*

log F=-klogE
The energy spectrum cover 12 orders of magnitude

for an intensity that spans over ~30 orders of
magnitude

Composition:

* 89% protons

* 9% He nuclei

e ~1% electrons

e ~1% Z>2 Nuclei

e <0.1% positrons & anti-protons
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http://doi.org/10.5281/zenodo.2360277

CR carry information about our galaxy

Paolo Zucccon - UniTN & TIFPA



AMS-02: Aipha Magnetic Spectrometer

Launch 16/9/2011 (Endevour)
Construction 1999-2010
Dimensions 3 <4 x5m?
Wheight 8.5t

Power 2500 W



MS-02 construction: EVA point of view
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AMS-02 is controlled 24/7 from CERN, Geneva, Switzerland
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AMS at CERN
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AMS-02

Universita e INFN
Bologna

Milano “Bicocca”
Perugia

Pisa

Roma “La Sapienza”
Roma “Tor Vergata”
Trento
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ITALIA
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Francesco
Nozzoli

William J.Burger

AMS-02 in Trento
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AMS identifies particles, from the different signals,
released in the 5 sub-tdetectors.

d Matter
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AMS “tomography” using rare nuclear interaction events

Z=178.5 cm

The gray scale is proportional the
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Periodic table of elements with AMS-02
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Primary Cosmic Rays
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secondary Gosmic Rays
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Positron and Electron fluxes
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Positrons
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Positron Flux: two components
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The origin of positron excess 2 *

seconday supernova
Production

Inter Stellar
medium

Dark Maﬁ\ Z
electrons ‘z \ _ pesivon:
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AMS anti-proton to proton
ratio
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AMS anti-proton to proton ratio

M. Boudaud —ICRC 2019
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Prediction Uncertainties

Nicolo Masi, INFN-Bo
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AMBER @ CERN

COMPASS spectrometer

2022-2023 @ CERN SPS
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Anti-helium is a golden-channel/
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summary

 The recent observations point consistently to an Universe filled of
dark-matter

A lot of questions are open and the natural laboratory of the space
is a place to search for answers.

* We live in a exciting age where the large knowledge we built,
disclose to us an uncharted new landscape.

e Cosmic rays are one of the open window to the Universe and they
have the potential to reveal new physics

* Current and future experiments measuring cosmic rays may help
in writing the map of this new territory.
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https://AMS02.space

Please visit




