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Scientific Rationale

Coronal Mass Ejection (CME) -> expulsion of plasma from the Sun that locally alter
the properties of the interplanetary medium.

Forbush Decrease (FD) -> a sudden (local) reduction of the Cosmic Rays (CR)
intensity due to CME passage that may take several days to be recovered.
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Is it possible to infer general properties of particle propagation in the interplanetary
medium using a phenomenological approach?
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The computational model

We use a modified version of |.

Monte Carlo Code solving a set of Stochastic Differential Equations
(SDE) equivalent to Parker Transport Equations.

vvvvvv.helmod.org

Parker Transport Equation

Fokker-Plank-like equation
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Model parameters are tunﬁ
along a complete 22-year
solar cycle using CR proton.
The same parametrization is
then applied to all nuclei.
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The computational model

May 2011

July 2011
September 2011

November 2011
January 2012

March 2012

We divide the Heliosphere
in 15 regions,
each one equivalent to the average of solar
activity in the periods before the experiment

May 2012

The Heliosphere radius and shape varies
June’2012 with time, according with the Sun Activity
April 2012

February 2012

December 2011
October 2011
August 2011

June 2011
April 2011

: be found in ;
' Boschini et al. Adv. Space Res. (2024) '

n 100 AU

Parameters in egch region are

— /

Tilt angle Magnetic Field Solar Wind Speed Diffusion
(afthe Neitral Sheejt I\(lagnitUde at Earth v y coefficients
http://wso.stanford.edu https://omniweb.gsfc.nasa.gov/
Wilcox Solar Observatory database
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The computational model

Parametrization of diffusion coefficients:
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Ko(t) is the diffusion parameter obtained using cosmic

fluxes measured with neutron monitor at different latitudes.

see

Bobik et al. Ap) 745:132 (2012)

Bobik et al. AdsAst,ID 793072 (2013)

Boschini et al. Adv. S. Res. (2017,2019,2022,2024)
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) KJ_,E/KHpr
P is rigidity in GV

I 8.ow(l) accounts for the change in
- the rigidity dependence

t of the parallel diffusion
coefficient
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For different solar activities

1500, —— HelMod-4 ¥ PAMELA Apj2013 ¥ SOHO/EPHIN SolPhys2016 2.0GV Proton
AMS-02 PRL2021 4 PAMELA ApJL2018 + BESS

12500 { AMS-02 monthly mean
1000

750+

500

250+

—— HelMod-4 ¥ PAMELA Apj2020 2.0GV Helium nuclei
° 125+ AMS-02 PRL2022 4 PAMELA ApjL2022

100- ' AMS-02 monthly mean

/

T
=
[G]
%
n
E
‘ 2 75-

‘B
-
& 50r
£
s 25
o
c
o
uU:-' v . . - T . - . . ' - - ' . - . . . . . :
B —— HelMod-4 t  AMS-02 monthly mean 2.3GV Electron

15 AMS-02 PRL2023 t PAMELA ApJ2013

et )
A
10+ Y '
s
i,
5 )
N
1995 2000 2005 2010 2015 2020

=
U
(=]
o
o

{ Voyager-1 0.25 GeV/nuc

10000F  Jupyter  Uranus Eris
Saturn Neptune

=
.
T

5000} Interstellar |l

=
%]
T

@
T
14
()}
: £
Medium =
0 §1.0 4
15000 - . ' ' - l ' E v
t  Voyager-2 0.31 GeV/nuc : = 0.8 .
[ E
10000 ! 5
I Z 06 ]
1
5000 ; Helium —— HelMod
: 0.4} s Ulysses [
0 o= : 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

1985 1990 1995 2000 2005 2010 2015

Differential Intensity [(m? s sr GeV/nuc)™}]




GPU implementation and performances

The SDE integration algorithm is well suited to work with HPC
Initialise the Simulation ) CPU architecture involving GPUS

¢ GPU Adjusted N of particles
¢ Heliospheric parameters .
* lons parameters 10 g"'+ CP'U ——————+ e L

Copy to : = F ]
« Initial iti & id L GPU+CPU (A30) ]
i el sl ol ) 4 GPU+CPU (A30) +useFastMath e
constant J 103 §1  GPU+CPU (A100) +useFastMath L =
memory : 7 ;
[ el ]
Copy to ’ c /,-"
GPU C PRN sequences for each thread ) GPU E 102 3 /,r’ 5
shared e F /,/’ ]
memory = -
W c - A
S 10k o -
Kernel of stochastic quasi-particle 5 £ ST e A & §
\_L.‘ GPU 2 T e —— : =
propagation ) < - e —
X - — e
* Parkereq. Advective vector & diffusion N
* Propagation tensor for each position 10 ' E
model
coefficients i
* Heliosphe CParticles exit energies histogram) GPU o1k CR1937 @0.01 GeV ]
orphotegy « Atomic sum of block shared E o o T
modulated particles 10? 10° 104 105
Copy to « Collecting the blocks N
CPU . . . . .
memory The computational time is dramatically reduced opening to new
. Save results ey studies (see Boschini et al 2024). Yet, there is room further to reduce

the computational time through code optimization.
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Methodology B0l Povgofirig) o e

\ November 2011
January 2012

March 2012

In this work, we modify the value of K, parameter in the May 2012
first shell (i.e. ~5 AU) emulating the effect of a local

perturbation around Earth and not affecting the rest of
the heliosphere

April 2012
February 2012

December 2011

October 2011

Using a scanning strategy we vary the value of K, AugUSE2OM o

for each energy and day independently to fit , A
AMS-02 daily spectra from 3to 10 GV st 100AY

; . , e | | | FD Type Time MAR Ampl
| 006 ICME ~ 2011/08 16.6  13.6
e | | , , , ) | 010  ICME  2011/10 485  10.3
' ' | ' - 017 ICME ~ 2012/03 33.5 35.1
L I I ol I N B 058 ICME  2014/02 33.5 10.0
e T 121 ICME  2017/09 22.8 17.7

Events from Wang et al ApJ 950:23, 2023.

We apply our study to the five most relevant FD events seen by AMS-02. For each FD we select a time windows
that influence up to 4 quiet days before and after the event.
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Preliminary results

We notice that the daily K,

1. decrease following the forbush
decrease

2. has similar values for all considered
rigidities
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Comments and Conclusions

* \We studied the values change of the diffusion parameter of the HelMod Model
during a Forbush Decrease at different rigidities.

* We found similar value of diffusion parameter for different rigidities.

* The relative difference between best K, values at different rigidities are not
affected by perturbation causing the FD.

* This may be an indication that diffusion tensor description is the same for quiet
and perturbed period .

* The study of FD perturbed spectra may allow to inferr general properties of
diffusive medium.
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