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FIG. 1. The three-dimensional detailed behavior of the AMS (a) proton and (b) helium fluxes as
functions of rigidity from 1 to 10 GV and from 1.9 to 10 GV, respectively and time. The color
code indicates the flux intensity in units of [m2 · sr · s ·GV]�1. During the period of observation,
both fluxes have a distinct minimum in February 2014 (blue line) and a maximum in February
2017 (red line).
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FIG. 2. The AMS proton (blue, left axis) and helium (red, right axis) fluxes as function of time
for 8 rigidity bins. The error bars are the quadratic sum of the statistical and time dependent
systematic errors. Detailed structures (green shading and dashed lines to guide the eye) are clearly
present below 40 GV. The vertical dashed lines denote boundaries between these structures at I)
September 27, 2011; II) March 7, 2012; III) July 20, 2012; IV) May 13, 2013; V) February 7, 2014;
VI) December 1, 2014; VII) March 19, 2015; VIII) November 17, 2015; IX) June 20, 2016; X)
November 28, 2016. The red vertical dashed lines denote structures that have also been observed
by AMS in the electron flux and the positron flux [33].
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FIG. 2. Fluxes of primary cosmic-ray positrons (red, left axis) and electrons (blue, right axis) as
functions of time, for five of the 49 energy bins. The error bars are the statistical uncertainties.
Prominent and distinct time structures visible in both the positron spectrum and the electron
spectrum and at di↵erent energies are marked by dashed vertical lines.
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1 The AMS detector
Alpha Magnetic Spectrometer (AMS) is a state-of-the-art particle physics 
detector installed on the International Space Station (ISS) that allows for 
high precision cosmic rays measurements in the GeV to TeV
energy scale.
Installed in May 2011, thanks to its high acceptance 
(~0.5 m2sr) and its long exposure time, it has 
collected over 115,000,000,000 cosmic rays.

2 Solar modulation of cosmic rays
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FIG. 3. The ratio Re of the positron flux to the electron flux as a function of time. The error bars
are statistical. The best-fit parameterization according to Eq. (3) is shown by red curves. The
polarity of the heliospheric magnetic field is denoted by A < 0 and A > 0. The period without
well-defined polarity is marked by the shaded area [17].
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These AMS results are under publication in PRL.

3 AMS Monthly Proton and Helium fluxes
Based on 846 million proton events and on 112 million helium events, 
the proton and helium fluxes were precisely measured for 79 Bartels 
Rotations (27 days) from May 2011 to May 2017, on a monthly time 
scale.
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FIG. 4. The AMS p/He flux ratio as function of time for 9 characteristic rigidity bins. The errors
are the quadratic sum of the statistical and time dependent systematic errors. The solid lines
are the best fit of Eq. (2) for the first 5 rigidity bins from [1.92–2.15] GV to [2.97–3.29] GV. The
vertical band (February 28, 2015 ± 42 days) is the average of the best fit values of ti for these
rigidity bins.
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Transition Radiation Detector (TRD)
• 20 layers of proportional chambers filled 

with a Xe/CO2 gas mixture
• p/e rejection ~102-104

Time-of-Flight (ToF)
• 4 layers of scintillation counters
• AMS main trigger
• Measurement of !=v/c with ~1% 

uncertainty

Permanent Magnet
• 6000 Ne-Fe-B magnets
• Magnitude: 0.15 T

Sillicon Tracker
• 9 layers of double-sided silicon 

sensors
• Spatial accuracy in bending 

direction: ~10"m
• Measurement of rigidity (p/q) up to 

~2 TV for protons
• Measurement of charge-sign

Anti-Coincidence Counters (ACC)
• Veto for particles traversing from 

the side

Ring Imaging Cherenkov (RICH)
• Aerogel and NaF radiators
• Precise measurement of !=v/c 

with ~0.1% uncertainty

Electromagnetic Calorimeter
• 9 super-layers of lead and 

scintillating fiber (17 X0)
• Measurements of e± and #

energy ($E/E~2% - 100GeV)
• p/e rejection >104

4 AMS Monthly Electron and Positron fluxes
Based on 23.5 million events, from May 2011 to May 2017, AMS made 
precise measurements of the electron and positron fluxes for 79 Bartels 
Rotations on a monthly time scale.
Electron and positron fluxes show common short-term time structures to 
each other and share some with the proton and helium fluxes.

The Solar activity cycle is characterized by a 
periodic change in solar parameters as it evolves.
Solar activity is at a maximum during the solar 
magnetic reversal.
Solar modulation introduces variations of several 
time scales which are directly correlated with Solar 
activity.

The long-term variations of the 
positron/electron ratio show evidence of 
charge-sign dependency. This effect is 
associated with particle drift motion along 
the regular spiral structure of the 
heliospheric magnetic field.
Due to drift, positrons and electrons behave 
differently during the solar cycle and during 
the magnetic reversals their roles 
interchange.

Electron and Positron fluxes Charge-sign dependency

Both proton and helium spectra exhibit large variations with time, at low 
rigidities, which decrease at higher rigidities. During the period of 
observation, both fluxes have a minimum in February 2014 and a maximum 
in February 2017.
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FIG. 3. Comparison of the fine structure time dependence of (a) the AMS proton
flux for [1.19�1.40] GeV, together with the measurement by EPHIN aboard SOHO for
[1.12�1.29] GeV [36], (b) the AMS helium flux for [1.11�1.28] GeV/n, (c) the relative varia-
tion of the AMS proton flux integrated over R � 6.47 GV, as a function of time together with
the relative variation of the rate reported by the Oulu, Finland neutron monitor [37] and (d) the
monthly averaged Sunspot Number [38] with the period of solar magnetic field polarity (A) reversal
(vertical dashed lines) from A<0 to A>0, November 2012 to March 2014, of solar cycle 24 [39].
One year after Solar Maximum, both the p and He fluxes start to rise and, as seen, there is a
negative correlation with the sunspot number. AMS data are converted from rigidity R to kinetic
energy per nucleon EK = (

p
Z2R2 + M2 � M)/A where M is the proton or the 4He mass. The

AMS error bars are the quadratic sum of the statistical and total systematic errors.
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The Sun emits a continuous stream of highly conductive plasma that 
permeates the entire Solar system, transporting Solar magnetic field 
lines with it. This stream of particles is known as Solar wind. This magnetic 
field changes the direction and energy of particles inside the Solar system, 
creating an effect known as Solar modulation.

Long-term behaviour of the 
p/He ratio

Fine-time structures

Proton flux
Helium flux
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FIG. 1. The three-dimensional detailed behavior of the AMS (a) proton and (b) helium fluxes as
functions of rigidity from 1 to 10 GV and from 1.9 to 10 GV, respectively and time. The color
code indicates the flux intensity in units of [m2 · sr · s ·GV]�1. During the period of observation,
both fluxes have a distinct minimum in February 2014 (blue line) and a maximum in February
2017 (red line).
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Proton and helium show similar structures both 
in time and amplitude. The structures I, II, III, IV 
and VII are also visible on the electron/positron 
fluxes.

The cosmic ray flux is modulated by solar 
activity.
Solar activity enhances this effects by 
changing the shape, density and velocity of the 
Solar wind, thus introducing a time dependent
element to this effect. Since this interaction is 
electromagnetic in nature, it also presents a 
charge dependence. 

p,He,e-,e+

1975 1980 1984 1989 1995 2000 2004 2009 2014 Time

5000

5500

6000

6500

7000

)
-1

N
M

 O
ul

u 
(m

in

1975 1980 1984 1989 1995 2000 2004 2009 2014
200-

100-

0
100
200T)µ

M
ag

 F
ie

ld
 ( N

S

1975 1980 1984 1989 1995 2000 2004 2009 2014
0

50
100
150
200
250
300

N
b 

Su
ns

po
ts

cycle 20 21 22 23 24
A+ A- A+ A- A+

Ti
lt 

an
gl

e

Time Variability
q Long time scale (~11 years)
• Change of cosmic ray intensity
• Charge-sign effects (magnetic 

reversal)
q Short time scale (~days)
• Forbush decrease and Solar 

energetic particles (SEP)
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Long-term modulation

Physical Goals
ü Search for primordial antimatter
ü Search for dark matter signals
ü Search for strange quark matter particles
ü Astrophysics of Galactic cosmic rays & γ-rays
ü Magnetospheric physics & space radiation studies
ü Solar Physics (long-term cosmic ray modulation & solar events)


