Numerical modeling of the solar modulation of helium
isotopes in the inner heliosphere
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Abstract 3. Computed and observed spectra of > Hes and *Hes

In this work, a 3D numerical model is used to Figure 1 depicts the computed ® He, and *Hey modulated spectra with respect to their VLIS’s as a
compute the modulation of galactic Helium iso- function of rigidity in comparison with the corresponding observed AMS02 spectra at the Earth. The
topes from minimum activity in the previous A essence of this figure is to show that the >He, and *Hes spectra from AMS02 are well reproduced
< 0 cycle, through solar maximum, and toward by the model. These computations are obtained using the same set of modulation parameters, DCs

minimum activity in the current A > 0 cycle. | | and drift coefficient that reproduce the AMS02 proton modulation between 2011 and 2017 (see [4])
A particular objective is to reproduce the main
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1. Introduction > 100 — owe | =1 — use
The recent availability of AMS02 observations of E E
the > Hey to * Hes ratio at rigidities between 2.15 5 107 z
GV and 15.3 GV with unprecedented accuracy 5 5
over a long period of time reported by [1| un- % 10-2 T % 10-1 o
veiled new details whose main features warrant Rigidity (GV) Rigidity (GV)
an investigation with our numerical model.
This paper focuses on the time and rigidity de- Figure 1: The modulated differential intensity for He83 (left panel) and He4 (right panel) computed as a function of
pendence of the modulation of 3H62 and 4H62 rigidity for the time period between 2011 and 2016, compared to AMS02 observations reported by [1].

at the Earth from the period of minimum so-
lar activity beginning at the end of 2006 until
2011, through the period of solar maximum ac-
tivity from 2012 to just after 2014, and then

4. Computed >Hes to *He, ratios 5. Discussions and conclusions

— — — ] The computed ratios, 3H62/4H62, from 2011e

“Hez/*He; LIS -

ingly the apparent single rigidity power
law dependence, as well as the time in-
dependence of this ratio, above 4 GYV.
Whereas below 4 GV, where there are not any
AMS data, the computed ratios significantly de-

effects caused by the difference in their respec-
tive VLIS’s and those caused by the difference
in their mass-to-charge ratio (A/Z), as well as
what role changing solar activity may play in

the then computed >Hey/* Hey. Understanding

for the beginning of the current period of min- 03 iEarth _ 2011e : to 2016e are shown at the Earth as a function
imum solar activity up to and including early 5 o EEEE i of rigidity with respect to their corresponding
2017. This approach makes it possible to sepa- & 2014e ; VLIS’s in Figure 2 and in comparison with AMS
rate the modulation effects for 3Hes and 4 He, 'ﬂ-:l_; 05 \ igize ; observations. It follows that the numeri-
more accurately than before, taking into account r | ’ aMs02 1 cal computations can reproduce convinc-
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the rigidity dependence of this ratio in the in- Rigidity (GV) crease with decreasing rigidity from its maxi-
ner heliosphere and subsequently that of p/He,
opens up additional prospects to improve our
understanding of the origin and propagation of
GCRs in the galaxy and in the heliosphere.

mum value reached during solar maximum con-
ditions as represented by 2013e.

Figure 3 shows that there is good compat-
ibility between the time profiles of the
09 - computed and observed ratios. To repro-

Figure 2: The computed 3H62/4H62 ratios as a
function of rigidity between 2011 and 2016 are
compared with AMS02 observations from [1].

e Ael A0 duce these observations, we find that in ad-
017| dition to scaling down (up) the values of
2 Numerical model 016 | ] the diffusion and drift coefficients towards
The numerical model is based on solving the “‘15:': azaoey } - (after) the solar maximum, the ri.gidity
transport equation derived by [2] showing the o O T T T T T ] slopes of the parallel and perpendlcular
four terms that represent the physical processes % ﬂ'lﬂ; | . l 1 ]ID) (;S belmlzv 1GV > houldt;hanggtdlﬁerzntly
which CR undergo when they enter the helio- 9 o16f oo - FFF‘.'-J;_F_}_ 1L+_!_ | - SO — San a 4erwar >
| ] _ 1 1 _ it is further noted that the °Hey/*Hesy for the
Sphere. E | — Model 2.40 GV } |‘AM5-D2 : period of decreasing (increasing) ratio coincide
OFf L 1 . Of < D'H;_'l"lmf'd'f"?:'mlﬁf ... . with the increasing (decreasing) intensities of
Er —(V+<UD>)-Vf—|—V-(K-Vf)—|—§(V- V)al—w [ 7.76 GV - 8.45 GV j both isotopes, which may well be a general mod-
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where f(7, P,t) is the CR distribution function, T ++:H:*+R*FH_} I
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Figure 8: The computed 3H62/4H62 ratio as a




