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La versione in negativo

Nella versione in negativo il marchio e ciascun elemento che lo compone 
(sigillo e logotipo) assumono l’aspetto monocromatico bianco. 
Questa versione va sempre impiegata nel caso di fondi caratterizzati dai 
FRORUL�LVWLWX]LRQDOL��QRQFKp�GL�IRQGL�FRORUDWL�H�IRWRJUDÀFL�VXIÀFLHQWHPHQWH�
scuri, garantendone la leggibilità (per approfondimenti si rimanda ai 
SDUDJUDÀ�GHO�SUHVHQWH�PDQXDOH�GHGLFDWL�DJOL�XVL�VXL�GLYHUVL�WLSL�GL�IRQGL����
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AMS has collected

208,592,047,799
cosmic ray events

Last update: September 5, 2022, 8:35 AM

AMS is observing charged comsic rays in the 
O(GeV)-O(TeV ) energy range



▹ Primordial antimatter search (anti-nuclei) with sensitivity of 10-9 

▹ Indirect Dark Matter search (e+, p, …)

▹ Improving the knowledge about CR source, acceleration and propagation in the Interstellar Medium
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AMS-02: OBJECTIVES

Dirac’s Nobel Speech
“We must regard it rather as an accident that the Earth [...] contains a 
preponderance of negative electrons and positive protons. It is quite 

possible that for some stars it is the other way about.”

Ordinary matter
5%

Dark Matter
27%

Dark Energy
68%
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PROTONS AND NUCLEI FLUXES

Major challenge: a correct measurement of the charge.

RARE COMPONENTS OF CRs (e -, e +, p, … )
• 1 electron every 102-103 protons
• 1 positron every 103-104 protons
• 1 anti-proton every 104 protons

Major challenge: rejection of proton background.

à Particle identification and E measurement up to TeV:
▹ e/p separation at the 104 level by means of independent detectors 
▹ Z: redundant measurements to evaluate fragmentation along the detector
▹ Charge sign: matter to anti-matter separation (magnetic field!)

à Statistics
▹ Acceptance & efficiency: size
▹ Exposure time: space

Protons à Chance of selecting a proton randomly: ~90%.
nuclei à “easily” selected by charge value

What is needed?

IPA2022 05/09/22 -Maura Graziani 4

AMS-02: OBJECTIVES



TRD

Tracker

TOF

1

RICH

9
ECAL

TOF
2
3-4

5-6

7-8

TransitionRadiationDetector
Identifies e+, e-

Magnet
±Z

ElectromagneticCalorimeter
Energyof e+, e-

SiliconTracker
Z,Rigidity=p/Ze

RingImagingCherenkov
Z,β

Isotopic composition

TimeOfFlight
Z,β

MDR

AMS-02: A TeV precision magnetic spectrometer in space



Results



supernovae

Nuclei fusion 
in stars
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Information about

• CR’s sources

• CR’s acceleration mechanism

• Interstellar medium (ISM)

Each nuclei (i.e. charge) has diffrent

cross section with the ISM

à Different information!

PRIMARY COSMIC RAYS  NUCLEI à Directly from their sources

Proton

Helium 

Carbon

Oxygen

AMS



AMS provides the most accurate He measurement in the energy range 1 GeVto 1.6 TeV

Traditional Understanding of CR flux: Single power law F ~ R -g

PROTON AND HELIUM FLUXES

à Both p and He fluxes show a clear break in the power law around ~ 300 GeV
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He, C, O, Ne, Mg, Fe & Si FLUXES
All nuclei fluxes cannot be decrbed by a single power law Ne, Mg, Si 

≠ He, C, O, Fe

Ne, Mg, Si       He, C, O, Fe

2 different classes of primary RC, 
caracterized by a different rigidity

dependency

With AMS-02 is the first time that
we observe this behaviour

Unexpectedly, Iron is in the He, C, O 
primary cosmic ray group
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Nuclei fusion
in stars

Supernova 
explosion

Helium

Carbon

Oxygen

Silicon

Proton

Iron

Interstellar 
medium Beryllium

Boron

C,O, …+ ISMè Li+ X 
C,O, …+ ISMè Be
C,O, …+ ISMè B

Fluorine

Ne, Mg, Si, …+ ISMè F+ X

Fe, …+ ISMè Sc,…,Mn

SECONDARY COSMIC RAYS  NUCLEI à Produced by the collision of primary

Lithium

provides information 
on Cosmic Ray 
interactions and 

propagation.

Tuning of the 
diffusion term in the 

CR propagation 
equation
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SECONDARY COSMIC RAYS LI, BE, B & F FLUXES

The secondary fluxes a
exhibit a spectral

hardening at 200 GV as
do the primary cosmic

rays

Secondary and primary
Cosmic rays have
distinctly different
spectral shapes

Secondary Cosmic Rays
also have two classes

above 30 GV
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If the hardening in CRs is related to the injected
spectra at their source, then similar hardening is

expected both for secondaries and primary cosmic rays.

If the hardening is related to propagation properties in
the Galaxy then a stronger hardening is expected for

the secondary with respect to the primary CRs.

SECONDARY NUCLEI AND THE SPECTRAL HARDENING ORIGIN

C.
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Above 192 GV all six secondary-to-
primary flux ratios harden.

Average hardening of 0.145 ± 0.022 is
observed, with a significance: 𝟔. 𝟓𝝈

Secondary hardening is stronger
respect to the primary one

This favors the hypothesis that the 
flux hardening is an universal

propagation effect.

SECONDARY TO PRIMARY RATIO
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Which is the origin of the spectral 
index change ~200 GV? 



Institute for Experimental Particle Physics

Protons (~90%) 
Helium (~8%) 
electrons (~1%) …

Supernovae
RARE COMPONENT OF CR: e-, e+, anti-p

AMS



Institute for Experimental Particle Physics
Maura Graziani

Positrons 

Dark Matter

Dark Matter
Electrons

Supernovae

Positrons

Positrons

Pulsars

Protons (~90%) 
Helium (~8%) 
electrons (~1%) …

Electrons

Electrons

Anti-protons

Anti-protons
AMS

RARE COMPONENT OF CR: e-, e+, anti-p

<0.1 %
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ELECTRON AND POSITRON SPECTRA BEFORE AMS 
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LATEST ELECTRONS AND POSITRONS RESULTS
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TheOrigin of Positrons
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e+F
E~3 Positrons from 

Cosmic Ray Collisions

?
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AMS 3.4 million positrons Model
of cosmic ray collisions
Astrophysical Journal 729, 106 (2011)

ORIGIN OF COSMIC POSITRONS
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Positron flux cannot 
be described by a 
single power law…

Low energy 
positrons mostly

come from cosmic
ray collisions

High energy 
positrons?



Positron flux is well described by sum of low-energy part from cosmic ray collisions plus a high-
energy part from pulsars or dark matter., which dominates at high energies

More information about this source?

• Anisotropies

• antiprotons

• Electron flux

• Higher energies

ORIGIN OF COSMIC POSITRONS
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Astrophysical point sources will imprint a higher anisotropy on the arrival directions of energetic
positrons than a smooth dark matter halo.

Dipole anisotropy: C1 is the dipole moment

North-South 
directionEast-West 

direction Forward-Backward 
direction

Solar
System

Pulsar

POSITRON ANISOTROPIES
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For 16 < E < 500 GeV currently at 95% C.L.: δ < 0.0150



Electron spectrum favors the 

contribution of the positron-
like source term (@95%C.L.)

charge-symmetric nature 
of the high energy positron

source term

positron-like source termPower law a Power law b

ELECTRON FLUX
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The antiproton-to-proton flux ratio shows unexpected energy dependence distinctly different from
antiprotons from collision of cosmic rays

-

ANTIPROTON–TO–PROTON RATIO
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What’s next?       



2011AMS-02
InstalledOnISS 2020AMS-02.01

1°Upgrade:UTTPS 2024AMS-02.02
2°Upgrade:L0

• Installation of one additional
sylicon tracker layer (~7 m2): 
layer 0 (L0)

• Acceptance X3
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• AMS is providing simultaneous measurements of different cosmic ray species with O(% ) 

accuracy in an extended energy range 

• new phenomena are being highlighted by these measurements whose nature will be further

clarified as more data will be collected by the experiment.

AMS-02 will continue to take data until the end of ISS mission (currently set to 2030)…

• Positron flux up to 2 TeV and electron flux up 3 TeV: 

à the positron-like source in the electron flux will be established at 4s level

• Improving the measurment of antiproton-to-proton ratio
• Positron anisotropy: pulsar exclusion @99.93% C.L.

• First measurment of nuclei with high Z (≥15) for R≥35GV

CONCLUSIONS

Indirect Dark Matter 
search

Understanding of the Interstellar Medium
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By 2030, AMS will explore ~2 complete solar cycle providing the flux time variation of ~all CR species

e+ flux 

e- flux 

2010 2015 2020 2025 2030

UTTP
S

1 MORE 

TRACKER LAYER

1°Upgrade

STAY 
TUNED!

2°UpgradeAMSInstalled

ACCEPTANCE          for nuclei! 
à Daily B, C, O

UTTPS

X3

…AND SOLAR PHYSICS! 



Thanks for the attention and Stay Tuned!               
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Solar physics



Low energies (E<30 GeV)
à Solar Modulation of Cosmic Rays (CR)

B>0.3µG

Galactic CR

Bgal~0.3µG

𝛷!"#

𝛷$%&

• Large time scale effect (~11 years);
• Small time scale effects (~days);
• Depends on CR mass, charge and energy;
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Knowing the solar modulation of CR:
à correct undesrtanding of galactic CR
à Space weather
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Why electrons and positrons?

DIFFUSION motion + 
MAGNETIC driftS

N S

N

A??
Polarity reverse

Solar cycle #24

e+

e- e+

e-

Studing of the charge-sign dependent effects
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∆t = 27 giorniA<0 A>0
Sun 

polarity
reverse

PRELIMINARY 
DATA

Both fluxes exhibit

profound short - and 
long - term variations.

The short-term
variations occur

simultaneously
in both fluxes with 

approximately the same
relative amplitude. 

∆t = 27 days

Electron and Positron fluxes in time
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Charge sign-dependent effects
∆t = 27 days
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Summary
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Same mass, opposite charge

Summary
Comprehensive dataset to study cosmic ray propagation in the heliosphere

electron v.s. proton
Different mass, opposite charge

positron v.s. proton
Different mass, same charge

Comprehensive 
dataset to study

propagation in the 
heliosphere of 
cosmic ray with 

Z=1 …
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Electron and positron



Transition energy for positrons
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Origin of Cosmic Electrons

Traditionally, Cosmic Ray 
spectrum is described by a power 

law function.

Change of the behavior at ~50 
GeV and at ~1 TeV
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��dŚĞƐĞ�ƉĂƌƟĐůĞ�ŝŶƚĞƌĂĐƚ�ǁŝƚŚ�ƚŚĞ�ŝŶƚĞƌƐƚĞůůĂƌ�ŵĂƩĞƌ�ĂŶĚ�ƉƌŽĚƵĐĞ�ƐĞĐŽŶĚĂƌǇ�ƐŽƵƌĐĞ�ŽĨ�ĂŶƟ-
ƉĂƌƟĐůĞ͗�ƉŽƐŝƚƌŽŶ͕�ĂŶƟ-ƉƌŽƚŽŶƐ�ĞƚĐ͘�dŚĞǇ�ĂƌĞ�ŵƵĐŚ�ůĞƐƐ�ĂďƵŶĚĂŶƚ�ŝŶ�ĂƐƚƌŽƉŚǇƐŝĐƐ�ƉƌŽĐĞƐƐ͘ 

��EĞǁ�ƉŚǇƐŝĐƐ� ƐŽƵƌĐĞƐ� ůŝŬĞ� �ĂƌŬ�DĂƩĞƌ� ƉƌŽĚƵĐĞ� ďŽƚŚ� ƉĂƌƟĐůĞƐ� ĂŶĚ� ĂŶƟƉĂƌƟĐůĞƐ� ŝŶ� ĞƋƵĂů�
ĂŵŽƵŶƚ͘ 

>ĂƚĞƐƚ�WŽƐŝƚƌŽŶƐ�ĂŶĚ��ůĞĐƚƌŽŶƐ�ZĞƐƵůƚƐ 

 

ZĞƐƵůƚ 
 

ZĞƐƵůƚ 
 (OHFWURQ�VSHFWUXP�IDYRUV�WKH�FRQWULEXWLRQ�RI  

WKH�SRVLWURQ-OLNH�VRXUFH�WHUP 

�ďŽƵƚ��D^�hƉŐƌĂĚĞ 

 

dŚĞ�ƵƉŐƌĂĚĞ�ǁŝůů�ĞǆƚĞŶĚ�ƚŚĞ�ĞŶĞƌŐǇ�ƌĂŶŐĞ�ŽĨ�ƚŚĞ�ĞůĞĐƚƌŽŶ�ŇƵǆ�ŵĞĂƐͲ
ƵƌĞŵĞŶƚ�ĨƌŽŵ�Ϯ�dĞs�ƚŽ�ϯ�dĞs�ĂŶĚ�ƌĞĚƵĐĞ�ƚŚĞ�ĞƌƌŽƌ�ďǇ�Ă�ĨĂĐƚŽƌ�ŽĨ�ƚǁŽ͘ 

�ůĞĐƚƌŽŶ�^ƉĞĐƚƌƵŵ�Ăƚ�,ŝŐŚ��ŶĞƌŐǇ 

�ďŽƵƚ��D^�hƉŐƌĂĚĞ 

 

dŚĞ�ƵƉŐƌĂĚĞ�ǁŝůů�ĞƐƚĂďůŝƐŚ�ƚŚĞ�ĐŚĂƌŐĞ-ƐǇŵŵĞƚƌŝĐ�ŶĂƚƵƌĞ�ŽĨ�ƚŚĞ�ŚŝŐŚ�ĞŶͲ
ĞƌŐǇ�ƉŽƐŝƚƌŽŶ�ƐŽƵƌĐĞ�ƚĞƌŵ�Ăƚ�ƚŚĞ�ϵϵ͘ϵϵϰй��͘>͘ 

KƌŝŐŝŶ�ŽĨ�ŚŝŐŚ�ĞŶĞƌŐǇ�ĞůĞĐƚƌŽŶƐ 
EĞǁ�ƐŽƵƌĐĞƐ�ůŝŬĞ��ĂƌŬ�DĂƩĞƌ�ǁŝůů�ƉƌŽĚƵĐĞ�ĞƋƵĂů�ĂŵŽƵŶƚƐ�ŽĨ�ƉŽƐŝƚƌŽŶƐ�ĂŶĚ�ĞůĞĐƚƌŽŶƐ 

�ŽŶĐůƵƐŝŽŶ 
ǁĞ�ŚĂǀĞ�ƉƌĞƐĞŶƚĞĚ� ƚŚĞ�ŚŝŐŚ� ƐƚĂƟƐƟĐƐ�ƉƌĞĐŝƐŝŽŶ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�
ƚŚĞ�ĞůĞĐƚƌŽŶ�ŇƵǆ�ĨƌŽŵ�Ϭ͘ϱ�'Ğs�ƚŽ�Ϯ͘Ϭ�dĞs�ďĂƐĞĚ�ŽŶ�Ă�ĚĂƚĂ�ƐĂŵƉůĞ�
ŽĨ�ϱϬ�ŵŝůůŝŽŶ�ĞůĞĐƚƌŽŶƐ͘�dŚĞ�ĞůĞĐƚƌŽŶ�ŇƵǆ�ĞǆŚŝďŝƚƐ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ĞǆͲ
ĐĞƐƐ�ƐƚĂƌƟŶŐ�ĨƌŽŵ�ϰϵ͘ϱ'Ğs�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�ůŽǁĞƌ�ĞŶĞƌŐǇ�ƚƌĞŶĚƐ͕�
ĂŶĚ�ĐŚĂŶŐĞƐ� ƚŚĞ�ďĞŚĂǀŝŽƌ�Ăƚ� �ΕϭdĞs͘ �dŚĞ�ĞůĞĐƚƌŽŶ�ŇƵǆ� ŝƐ�ǁĞůů�ĚĞͲ
ƐĐƌŝďĞĚ�ďǇ�ƚŚĞ�ƐƵŵ�ŽĨ�ƚǁŽ�ƉŽǁĞƌ�ůĂǁ�ĐŽŵƉŽŶĞŶƚƐ�ĂŶĚ�Ă�ƉŽƐŝƚƌŽŶ�
ƐŽƵƌĐĞ�ƚĞƌŵ͘�tŝƚŚ�ƚŚĞ��D^�ƵƉŐƌĂĚĞ͕�ƚŚĞ�ĞŶĞƌŐǇ�ƌĂŶŐĞ�ŽĨ�ĞůĞĐƚƌŽŶ�
ŇƵǆ�ǁŝůů�ďĞ�ĞǆƚĞŶĚĞĚ�ĨƌŽŵ�ϮdĞs�ƚŽ�ϯdĞs�ǁŝƚŚ�ƌĞĚƵĐŝŶŐ�ƚŚĞ�ĞƌƌŽƌ�ďǇ�
Ă�ĨĂĐƚŽƌ�ŽĨ�ƚǁŽ͕�ĂŶĚ�ƚŚĞ�ĞǆŝƐƚĞŶĐĞ�ŽĨ�ƉŽƐŝƚƌŽŶ�ƐŽƵƌĐĞ�ƚĞƌŵ�ǁŝůů�ďĞ�
ĞƐƚĂďůŝƐŚĞĚ�Ăƚ�ƚŚĞ�ϵϵ͘ϵϵϰй��͘>͘� 

/Ŷ�ƚŚĞ�ĞŶƟƌĞ�ĞŶĞƌŐǇ�ƌĂŶŐĞ�ƚŚĞ�ĞůĞĐƚƌŽŶ�ĂŶĚ�ƉŽƐŝƚƌŽŶ�ƐƉĞĐƚƌĂ�ŚĂǀĞ�ĚŝƐƟŶĐƚůǇ�
ĚŝīĞƌĞŶƚ�ŵĂŐŶŝƚƵĚĞƐ�ĂŶĚ�ĞŶĞƌŐǇ�ĚĞƉĞŶĚĞŶĐĞƐ͘ 

DĞĂƐƵƌĞŵĞŶƚƐ�ŽĨ�ƉŽƐŝƚƌŽŶƐ�ĂŶĚ�ĞůĞĐƚƌŽŶƐ�ďĞĨŽƌĞ��D^ 
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The upgrade will extend the energy range of the electron flux measurement from 2 TeV to 3 TeV and 
reduce the error by a factor of two.

AMS.02.02 – The Upgrade effect on electron measurement

05/09/22 Maura Graziani
5th June, WIN 2019, Bari
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The upgrade will establish the charge-symmetric nature of the high energy positron source term

@99.994% C.L.

AMS.02.02 – The Upgrade effect on electron measurement

05/09/22 Maura Graziani
5th June, WIN 2019, Bari
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15

Physics Reports, 894, 1 (2021) :
AMSfound that proton flux have two components,
one is like Helium and another is unique to proton flux.

F
p

F
He

Pand He may have same spectral index at highest rigidites
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Studyof CosmicRayPropagation inHeavy
CosmicRays

37

Measurements of the heavy secondary cosmic 
ray nuclei with Z>14 will allow AMS to study 
propagation properties in the Galaxy at different 
distances. The precision
AMS data will provide the most comprehensive 
information on the cosmic ray propagation 
model.

The effective propagation distances 
for p, He, C,and Fefor 1 GVrigidity.
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LatestAMSResults:SulfurRigidityDependence

24Sulfur belongs to the same class asNe, Mg, and Si.
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AMS10 Years
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