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Transition Radiation Detector (TRD)
identify e+, e-

Silicon Tracker
measure Z, P

Electromagnetic Calorimeter (ECAL) 
measure E of e+, e-

Upper TOF  measure Z, E

Magnet identify ±Z, P

Ring Imaging Cerenkov (RICH)
measure Z, E

Lower TOF  measure Z, E

Anticoincidence Counters (ACC)
reject particles from the side

AMS is a Space Version of a Precision Detector Used in Accelerators
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Cosmic ray intensity at low 
energies is modulated by the 
Sun through the influence of 

magnetic field and solar wind.

Solar Modulation of Cosmic Rays 
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Long Term Variation: Solar Cycle

The most significant long-term scale variation of cosmic 
rays is related to the 11-year solar cycle.
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Cosmic Ray Recurrent Variation in Short Scale

Short scale variation of cosmic rays are related to Sun’s rotation (Bartels Rotation, BR: 27days).

Coronal holes are regions where plasma density and temperature are lower, so they 
appear darker in images.
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Cosmic Ray Recurrent Variation in Short Scale
Coronal Holes are sources of high speed solar wind affecting the Earth.
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Precision measurement of the individual species of cosmic rays in a solar cycle provide 
unique inputs for the understanding of cosmic rays in the heliosphere.
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AMS Daily Proton Flux

Please refer to
Phys. Rev. Lett. 127, 271102 
(2021)



7

Recurrent Proton Flux Variation in 2016
Double-peak and triple-peak structures are visible in different Bartels rotations.
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Wavelet Analysis of Proton Fluxes in 2016 

To study the recurrent time variations in 
the daily proton fluxes, a wavelet time-
frequency technique was used.

To show the strength of the periodicity, the 
normalized power is defined by the power 
divided by the variance of the time series.

Periods of 9, 13.5 and 27days are 
observed in 2016.

The strength of all three periodicities 
changes with time and rigidity.

In particular, shorter periods of 9 and 13.5 
days, when present, are more visible at 6 
GV and 20 GV compared to 1 GV.
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Periodicities of Daily Proton Fluxes in 2016

Unexpectedly, the strength of 9-day 
and 13.5-day periodicities increases 
with increasing rigidity up to ~10 GV 
and ~20 GV, respectively. Then the 
strength decreases with increasing 
rigidity up to 100 GV.

Thus, the AMS results do not 
support the general conclusion that 
the strength of the periodicities 
always decreases with increasing 
rigidity.

Phys. Rev. Lett. 127, 271102 (2021)
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AMS Daily Helium Flux

Please refer to
Phys. Rev. Lett. 128, 231102 
(2022)
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Periodicities of Daily Helium Fluxes in 2016

Similar periodic structure are 
observed for helium.

The AMS results do not 
support the general conclusion 
that the strength of the 
periodicities always decreases 
with increasing rigidity.

Phys. Rev. Lett. 128, 231102 (2022)
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Daily 𝚽𝚽𝑯𝑯𝑯𝑯, 𝚽𝚽𝒑𝒑 and ⁄𝚽𝚽𝑯𝑯𝑯𝑯 𝚽𝚽𝒑𝒑
⁄𝚽𝚽𝑯𝑯𝑯𝑯 𝚽𝚽𝒑𝒑 exhibits variations on multiple timescales
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Daily 𝚽𝚽𝑯𝑯𝑯𝑯, 𝚽𝚽𝒑𝒑 and ⁄𝚽𝚽𝑯𝑯𝑯𝑯 𝚽𝚽𝒑𝒑
Below ~7 GV, 𝚽𝚽𝑯𝑯𝑯𝑯 exhibits larger time variations than 𝚽𝚽𝒑𝒑 
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A Hysteresis between ⁄𝚽𝚽𝑯𝑯𝑯𝑯 𝚽𝚽𝒑𝒑 and 𝚽𝚽𝑯𝑯𝑯𝑯
At low rigidity the modulation of the helium to proton flux ratio is 

different before and after the solar maximum in 2014

We study the significance of the 
difference of ⁄𝚽𝚽𝑯𝑯𝑯𝑯 𝚽𝚽𝒑𝒑 at the same 
𝚽𝚽𝑯𝑯𝑯𝑯 but different solar conditions:

The hysteresis is observed 
with an overall significance 
>7σ below 2.4 GV

Phys. Rev. Lett. 128, 231102 (2022)



[m-2sr-1s-1GV-1]

Please refer to
Phys. Rev. Lett. 130, 161001 
(2023)

AMS Daily Electron Flux
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AMS Daily Electron and Proton Fluxes
The time-dependent behavior of the 𝚽𝚽𝑯𝑯−  and 𝚽𝚽𝒑𝒑 is distinctly different

16



During lower solar activity 
in 2011 and 2017, a
difference between the 
short-term evolution of 
electrons and protons is 
observed, while during the
solar maximum in 2015 
the difference vanishes.

These observations 
indicate a charge-sign 
dependence in non-
recurrent solar modulation.

Non-recurrent Variation of Electron and Proton Fluxes
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Periodicities of Daily Electron Fluxes
The rigidity dependence of the electron periodicities is different from that of protons

In the second half of 2011 the 
strength of the 27-day period 
of electrons is greater than 
that of protons.

In the first half of 2017 the 
strength of the 27-day period 
of electrons is less than that of 
protons.
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A Hysteresis between 𝚽𝚽𝑯𝑯−  and 𝚽𝚽𝒑𝒑
To assess the significance of the hysteresis we study, at 
different solar conditions, the values of Φ𝑝𝑝 at the same Φ𝑒𝑒−.
The hysteresis is observed with a significance > 6σ at rigidities 
below 8.5 GV.
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Moving average of length ~one 
year with a step of one day



Structures in the Electron-Proton Hysteresis
Significant structures in the electron-proton hysteresis are 
observed corresponding to sharp variations in the fluxes
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[m-2sr-1s-1GV-1]

AMS Daily Positron Flux
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Please refer to
Phys. Rev. Lett. 131, 151002 
(2023)



AMS Daily Positron, Electron and Proton Fluxes
The long-term evolution of positron and electron fluxes is clearly different.

On the contrary, positron and proton fluxes present a similar behavior over time.
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Same mass 
Opposite charge

Same charge 
Different mass
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Structures in the Positron-Electron Hysteresis
Significant structures in the positron-electron hysteresis are 

observed corresponding to sharp variations in the fluxes
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No Structures in the Positron-Proton Hysteresis
No structures was observed in the positron-proton fluxes



Linear Relation between 𝚽𝚽𝑯𝑯+  and 𝚽𝚽𝒑𝒑
To compare the long-term variation of proton and positron fluxes a linear relation between 
the relative variations of the fluxes is studied: 
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Below 7 GV, the positron flux is more modulated than the proton flux. (> 5σ)



Relation between Positron, Electron and Proton Fluxes
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Electron-Positron: hysteresis Proton-Positron: linear relation

Electrons vs Positrons

Same mass
Opposite charge

Protons vs Positrons

Different mass
Same charge



27

AMS Monthly Antiproton Flux

Temporal evolution of antiproton 
fluxes by 1 Bartels rotation

13-BR moving average values. 
The data point for each Bartels 
rotation period is calculated from 
a time window of 13 BR centered 
around that period.

Please refer to the AMS 
forthcoming publication.

Preliminary data. 



Temporal Structures of the Elementary Particle Fluxes
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Antiproton flux is distinct to other particles

1.00-1.92 GV

Preliminary data. Please refer to 
the AMS forthcoming publication.
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29

same charge

1.00-1.92 GV

antiparticles
and particles

Temporal Structures of the Elementary Particle Fluxes

opposite charge
same mass

Preliminary data.                      Please refer to the AMS forthcoming publication.
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Hysteresis of Elementary Particles

Different mass
Same charge

Same mass
Opposite charge

Preliminary data. Please refer to the AMS 
forthcoming publication.

1.00-2.97 GV
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Linear Relation between 𝚽𝚽�𝒑𝒑 and 𝚽𝚽𝑯𝑯−
Using the same method in Φ𝑒𝑒+ and Φ𝑝𝑝 , to study the linear relation of the long-term 
variation of Φ�̅�𝑝 and Φ𝑒𝑒−

𝒌𝒌 𝑯𝑯−, �𝒑𝒑 is different from 𝒌𝒌 𝑯𝑯+,𝒑𝒑
Preliminary data. 
Please refer to the 
AMS forthcoming 
publication.
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Variation Magnitudes and Spectral Index

Preliminary data. Please refer to 
the AMS forthcoming publication.
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Variation Magnitudes and Spectral Index
This universal relation shows that the 
differences in modulation between �𝒑𝒑 and 𝑯𝑯−, 
and between 𝒑𝒑 and 𝑯𝑯+ are mainly due to the 
difference in their spectral shape.
These results on the effect of spectral shape 
in solar modulation provide crucial input to 
understand the antiproton local interstellar 
spectrum.

Preliminary data. 
Please refer to the 
AMS forthcoming 
publication.

Preliminary data. Please 
refer to the AMS forthcoming 
publication.
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