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Objectives

e Fundamental physics and antimatter:
* primordial origin (signal: anti-nuclei)

* “exotic”’ sources (signal: positrons, anti-p, anti-D, y)
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Objectives

e Fundamental physics and antimatter:

* primordial origin (signal: anti-nuclei)

* “exotic” sources (signal: positrons, anti-p, anti-D, y)
e Origin and composition of CRs

* sources and acceleration: primaries (p, He, C, ...)

* propagation in the ISM: secondaries (B/C, ...)
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Objectives

e Fundamental physics and antimatter:

* primordial origin (signal: anti-nuclei)

* “exotic” sources (signal: positrons, anti-p, anti-D, y)
e Origin and composition of CRs

* sources and acceleration: primaries (p, He, C, ...)

* propagation in the ISM: secondaries (B/C, ...)
e Study of the solar and geomagnetical physics

e effect of the solar modulation
* geomagnetic cutoff
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Alpha Magnetic Spectrometer - AMS-02

Z, P are measured independently by
Tracker, RICH, TOF and ECAL
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Single particle identification

Full coverage of anti-matter and CR physics
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Redundancy and complementarity

ISS Data: 73-140 GeV

control sample, e- positrons
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AMS launch and data taking start: May 201 |
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AMS launch and data taking start: May 201 |
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IS E%‘May 19th, 2011: AMS installation completed!
o ;{" i L == i - in 2 months: 6 years in orbit!
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ICS
70 months of data taking

Today AMS collected ~ 95 billion of events
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Today AMS collected

70 months of data taking
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Positrons: y + x — e + ...

my=800 GeV

My =400 GeV

Collisions of Cosmic Rays

I. Cholis et al., JCAP 0912 (2009) 007




Positron fraction (PRL 110,141102-2013 & 113,121101 -2014)

v" No evidence of structures
v' Steady increase up to ~ 275 GeV

v" Well described by a power law + cut-off term, common for e*/e-
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Positron and electron fluxes
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Positron and electron fluxes (PRL 113, 121102 - 2014)
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Positron and electron fluxes (status report)

We’re updating the results, N ~17.5 million e”e* events 7
including the last data collected ES._ | 16,500,000 ity | -
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Positron and electron fluxes (status report)

We’'re updating the results,
including the last data collected
(more than the double w.r.t. the
publication) and trying to reach

higher energies
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“All electrons’ (electron+positron) flux

Independent measure of the total e*+e- without identification of the charge sign.
Less systematic uncertainties, higher energy reach, directly comparable with purely
calorimetric measurements.
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“All electrons” flux (PRL 113,221102 -2014)

Independent measure of the total e*+e- without identification of the charge sign.
Less systematic uncertainties, higher energy reach, directly comparable with purely
calorimetric measurements.
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The (e*+e) flux can be described by a single power-law, starting from ~30 GeV,
andup to 1 TeV.

No evidence of fine structures
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Anti-proton/proton ratio (PRL 117,0921103 - 2016)
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Anti-proton/proton ratio (PRL 117,091103 - 2016)

P10 ©
= (T
: —+ :_—10
> - T
‘o 8%%%% I
"_a _—10 Migi Ooﬁo doo o o & |
o o+ OQOO I p Ne
=S 1 1 QQQQQ B
5N T =00 |
T € Ty,
S T ? i
i % 1
T 3x10° % -
IRigidityl [GV] :_10
20 10? 10°

The study of the flux variation with energy seems to indicate that protons,
antiprotons and positrons, but not electrons, have the same spectral index.
By chance or something more profound?
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Entries

Nuclear identification

Seven instruments which

1 H L . V N '7’ - — k I .
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Control of fragmentation inside the detector

Carbon Fragmentation
to Boron R=10.6 GV

: : Zrk 11=6.1 For all the nuclear species, AMS-02 can

3 measure, directly from data, the fraction of

the ‘flux’ coming from the fragmentation of
heavier species

Contamination < 3%
Selection efficiency >

&C 96%
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Full control of the effects from detector material

Measurement of nuclear cross sections / accurate check of the materials
when AMS is flying in horizontal attitude

L2 --18 L9 First, we use the seven inner tracker
layers, L2-L8, to define beams of

»E nuclei: He, Li, Be, B, ...

—

Second, we use left-to-right particles
to measure the nuclear interactions
in the lower part of the detector.

______ <~ Third, we use right-to-left particles to
- measure the nuclear interactions in
the upper part of detector.
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Proton and Helium fluxes (PRL 114,171103 & 115,211101 -2015)

Both proton and helium fluxes show an hardening

H flux measurement: He flux measurement:
300 million events 50 million events
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Proton and Helium fluxes (PRL 114, 171103 & 115,211101 -2015)

Two power-laws RY,Rv*1 with a transition rigidity R, and a
smoothness parameters: this well describe the experimental data:
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Primaries with higher charge...

AMS-02 measures Carbon,
Nitrogen, Oxygen fluxes in an
extended energy range and
unprecedented prevision.

Ongoing analyses based on ~ 6 years
data (2011-2017):

« Standard model: GALPROP
with best fit parameters Trotta et al, 2011
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o for Carbon, Nitrogen and Oxygen the single-power law behaviour is excluded by
AMS-02 data: a change of spectral index is observed at = the same rigidity.
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Primaries with higher charge...
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Secondary CRs: Boron to Carbon flux ratio (PRL 117,231101 -2016)

The flux ratio between primaries (C) and secondaries (B) provides information on
propagation and the ISM
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Secondary CRs: Boron to Carbon flux ratio (PRL 117,231101 -2016)

The flux ratio between primaries (C) and secondaries (B) provides information on
propagation and the ISM: AMS data supports Kolmogorov turbulence model
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Other secondaries: Lithium

Lithium (secondary) exhibits a double power law behaviour as for the primaries
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19Be is a natural clock to measure the 0.8 - ]
residence time of CR in the galaxy: 1°Be - i 0.9 m”ﬁﬁlg’e I:l!:j; ]
19B + e~ + v, with half-life of 1.5 x 10° years é oor 2.3 million B nuclei -
Relativistic time dilation at high energies $ 0 ‘ ,,,_.w.¢~+*+~*+*++++*+**++++++++M H N
delays the 1°Be decay and makes the L e "’ i + ]
the Be/B ratio to increase. 8 02f- .

A fit to the Be/B ratio can be used to extract

Still on secondaries...

residence tlme in the galaxy
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Fluxes as function of time, e*/e-
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Fluxes as function of time, charge sign effects
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Conclusions

e AMS is the Cosmic Rays
observatory and it will stay
also in next decade

* The collaboration is providing
the absolute and relative
abundances of the various
species

* The accuracy of the
experimental measurements is
currently better than the
uncertainty in the
phenomenological models and
is allowing very detailed
studies
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