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Regression plot of electron and helium
fluxes from 1965 to 1990. The 1.3 GeV
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et al., 1991)
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Parker’s Transport Equation in the Heliosphere

of

= =—’snv'f LDVf+V(]fo)+ VI’SII

Solar wind Particle Particle Adiabatic energy

oln R

convection drifts diffusion changes

Particle convection with the solar wind.

Particle drifts due to heliospheric magnetic field gradients, curvatures and heliospheric current sheet

Particle diffusion due to scattering on magnetic field irregularities.

Adiabatic energy losses ( or gains ) due to expansion (or compression) of the solar wind.

Parker (Planet. Space Science, 13, 9,1965
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Drift direction of Drift direction of

protons in protons in
A <O0cycles A >0 cycles
Wavy HCS
/
Drift direction of Drift direction of
electrons in electrons in
A >0 cycles A <0 cycles

Jokipii & Thomas (1981)

Reversal of HMF’s ‘polarity’

[nT]

HMF switches its direction about every 11
years around maximum solar activity...!
...a clear 22-year cycle.

Polar Magnetic Field

From Potgieter, 2021, ISCRA
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During A < 0 ‘polarity’ cycles,
protons drift inwards mainly
along the HCS and get
therefore modulated according
to the till angle but less so
during A > 0 cycles. This gives a
22-year modulation cycle...!
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PAMELA detectors

Main requirements - high-sensitivity antiparticle identification and precise momentum measure

Time-Of-Flight
plastic scintillators + PMT:
- Trigger

- Albedo rejection;
- Mass identification up to 1 GeV;

- Charge identification from dE/dX.

Electromaanetic calorimeter

+
TOF (S1) :pﬂ-ﬁ*-ﬁ-#ﬁ-ﬁq:

WI/Si sampling (16.3 X;, 0.6 AI)
- Discrimination e+ / p, anti-p /e
(shower topology)
- Direct E measurement for €

GF: 21.5 cm? sr
Mass: 470 kg

Size: 130x70x70 cm?
Power Budget: 360W

Neutron detector
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Spectrometer

microstrip silicon tracking system + permanent magnet jf—-———-— |

It provides:

- Magnetic rigidity - R =pc/Ze

- Charge sign

- Charge value from dE/dx
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PAMELA

Resurs-DK1
Mass: 6.7 tonnes
Height: 7.4 m

Solar array area: 36 m?2

~90 mins

* Resurs-DK1: multi-spectral imaging of
carth’s surface

* PAMELA mounted inside a
pressurized container

 Launched on 15th June 2006 PAMELA
In continuous data-taking mode since
then.

*Quasi-polar and elliptical orbit (70.0°,
350 km - 600 km) — from 2010 circular
orbit (70.0°, ~600 km)

* Traverses the South Atlantic Anomaly

eData transmission to the Earth
terminated on 23 January 2016

Since June 2006 till January 2016:
~3700 days of data taking (~80% )
~55 TByte of raw data downlinked
~9.10° triggers recorded and analyzed

ARINA spectrometer (MEPHI)



The Alpha Magnetic Spectrometer (AMS) on the
International Space Station
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AMS : A TeV precision, multipurpose spectrometer

Transition Radiation Detector
Identify electrons Particles are defined by their Time of Flight

charge (Z) and energy (E) or momentum (P)

Electromagnetic Calorimeter
E of electrons

The Charge and Energy (momentum)

are measured independently by many
detectors
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Sunspot Number
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Time dependence of spectra
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Time dependence of the e+/e- ratio
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* The tilt angle a of the HCS and the magnitude B of the observed HMF at Earth
are considered to be good proxies for solar activity in the numerical modeling of
GCR modulation

 However, in order to reproduce the observed PAMELA and AMSO02 spectra after
2009, we had to change the diffusion coefficients, as well as the drift coefficient,

ApJ, 909:215, 2021 9
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Electron vs Proton fluxes (AMS-02: 1.0-1.7 GeV)
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B 23-24 upKnax
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PekypeHTHble BapuaLmm KOCMUYECKUX Ty4Hen:
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: 27 days
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PAMELA proton flux ' R
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Xi Luo +, The Astrophysical Journal, 899:90, 2020
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and STEREO proton fluxes as a proton intensity variation as a function of
function of rigidity R in 2007-2008.. their kinetic energy at a radial distance of
3.01 au

Xi Luo +, The Astrophysical Journal, 899:90,22020
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Periodicities of Daily Proton Fluxes in 2016
) First half (Jan 10-Jul 16)

*10?

The strength of 9-day and 13.5-
s e N P i day periodicities increases with

s i e increasing rigidity up to ~20 GV,
B ) e it and then/decreases with

e increasing rigidity up to 100 GV.

102 Phys. Rev. Lett. 127, 271102 (2021)
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Periodicities in He fluxes in 2016

(a) First half of 2016
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