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Corresponding modulation parameters from 2009 to 2013

Table: Summary of the modulation parameters used to reproduce the proton measurements 2009b-2013b from PAMELA.
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Corresponding Mean Free Paths and Drift Scale

Protons at Earth
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Transport equation for the modulation of cosmic rays in the heliosphere

af,

+ Q(r,p,t)
¢ Inp

=V-[K-Vf] = V-Vf — {vp)-Vf + %(V V)

sources

Vp is the averaged gradient and curvature drift velocity



The drift coefficient

In general:|'Vd/

Rewriting Equation (1):
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WS drifts modification can be accomplished through assuming:

CASE 1:¥ & constant (similar t®otgieteret al., 1989).
CASE 2:¥ B constank P (see Burger et al., 2000).

CASE 3:¥ Uhas spatial dependence (&teber& Matthaeus1997; Burger &/isser
2010;Engelbrech& Burger, 2015Ngobeni& Potgietey2015.
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(1)

Bieber&Matthaeus1997

with ¥ the gyrefrequency

ahdome time scale
defined by scattering.
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The rigidity dependence

When Ky, < 1.0 drifts are also
reducecatP >1.0GV.

Foranyvaluey & 5, f,remains
~ 1.0 (indicating no substantial
drift reduction)

WS drift scale(ay = 3K{/V) is
reducedby factork,, atP > 1.0
GV.
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Extracting the spatial dependence of f

proton
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Energy dependence of anti-protons/protons ratios
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Effects of spatial dependencecwftare more prominent in the A> 0 cycle




Comparison between M-V Model and spatial dependence of or:

Intensity normalized to 2006b

Intensity normalized to 2006b

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
04
0.2

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

—e— M-V Model
—A— ot with b =0.46
—A— orwithb =1.16

2.0
1.8
1.6
1.4
1.2
1.0

0.8
—e— M-V Model 0.6

—h— orwith b = 0.46 0.4
—A— orwithb=1.16 ’

Time (years)

protons

—a— M-V Model
—d— ot with b = 0.46
—h— ot withb =1.16

0.2
2004 2006 2008 2010 2012 2014 2016 2004 2006 2008 2010 2012 2014 2016

./%

—a— M-V Model
—a— wt with b =0.46
—d— ot withb=1.16

0.2
2004 2006 2008 2010 2012 2014 2016 2004 2006 2008 2010 2012 2014 2016

Time (years)

w ™with b = 0.46 describeghe
M-V Model well from 2006to

2010 While b = 1.16 gives
better estimation of MV-
Model betweer?010and2012




Comparison between M-V Model and spatial dependence of or:
anti-protons
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Modelling anti-proton to proton intensity ratios over time
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v The proton intensity increased

relatively more than anrproton
intensity until 2009
(corresponding to decreasing t
angle).

v' After 2009 (until 2012) proton

intensity decreased relatively
more (corresponding to
Increasing tilt angle).

The large decreases in the rati
after 2012 is due to inadequate
particle drift reduction and
deviate largely with MV Model.
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Using the self-consistentmeasurementalidated3D numericalmodel
of Potgieter& Vos (2017 thatincludesparticledrifts, the modulation
of bothprotonsandantiprotonswasstudiedfrom 2006to 2014 using

PAMELA proton observationstogether with numerical modeling
confirmedthat drifts playeda significantrole in modulationof GCRs
from 2006until around2012

The intensitytime profile of protons from 2006 to 2012 can be
gualitativelydescribedwith the assumedpatialdependencef w 1 on
thedrift coefficient,by adjustingvaluesof aandb.

Both assumptionsnadeaboutw tareinadequateandthusunsuitable,
to describepbarp ratios between2012 and 2014 as requiredby the
MV -Model.
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