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Motivation @J NWU'

@ Transport perpendicular to the background magnetic field can be
caused by either drifts or cross-field diffusion.

o Many studies [Dalla et al., 2013; Marsh et al., 2013; Battarbee et al.,
2017, 2018] investigate the effect of drifts on solar energetic particles
(SEPs) and advocate that drifts are important. This might be applicable
to slab turbulence.

@ However, only few studies [Kelly et al., 2012; Wijsen et al., 2020]
include perpendicular diffusion. Perpendicular diffusion (caused by 2D
turbulence) smears out signatures of drifts.

@ But none of these studies consider the reduction of drifts by turbulence
[Minnie et al., 2007; Tautz & Shalchi, 2012; Engelbrecht et al., 2017].

See summary of this in van den Berg et al. [2020]
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Overview

Outline
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lllustration @’ NWU"

—— Particle trajectory
------- Instataneous guiding centre
---- Guiding centre over gyration
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[llustration @’ NWU

—— Particle trajectory
------- Instataneous guiding centre
---- Guiding centre over gyration

25

20

“o. 0.0

y [Rio

.25
SAO -

Add slab turbulence with model presented in van den Berg et al. [2020]
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lllustration @’ NWU"

—— Particle trajectory
------- Instataneous guiding centre
---- Guiding centre over gyration
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Now with composite 20% slab and 80% 2D turbulence
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Drift Reduction Factor

Turbulent Reduced Drift Velocity
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Drift Reduction Factor

Isotropic Factor from Engelbrecht et al. [2017]

Proposed Anisotropic Factor
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Predictions: Turbulence Parameters @j NWU"

10
— TIMe&8
— TIM 6B,
10% — TIM 8%
- Approx 68" « r24

T - Approx 68l = 0.2 58"
Z10? Approx 883 = 0.8 68
kS

10 EEEr

10° e

107!
3 [ L
$ 1072 JUPPEL LS
© N -
S .
Y .
o
o
c
g K -
2 10 — TIM /.
5 20
= — TTM /!

== ApProx £, =2.5¢p
Approx #opocr 0%
107
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14

rlau]
Turbulence transport model of Adhikari et al. [2020]
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Predictions: r and KE Dependence @’ NWU"

For 100 MeV protons For protons at Earth
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(see end of uploaded slides for the expressions used for the radial scalings
of turbulence quantities and the mean free paths)
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Predictions: Pitch-angle Dependence @J NWU"
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Modelling with PARADISE @J NWU'°

o Tested three perpendicular diffusion coefficients (field line random
walk, FLRW, nonlinear guiding centre theory, NLGC, and unified
nonlinear theory, UNLT) in the PARADISE model [Wijsen et al., 2019,
2020; Wijsen, 2020].

@ Mono-energetic, isotropic injection of protons

1 Tt &+ 02\ [ E r
with p =0.05au, 0 =5°, 7, =0.2h, 7o = 1 h, and E; = 100 MeV.

@ Calculated the energy-integrated omni-directional intensity,

Ey 1
(r6.0.6)= [ [ f(r.6.6,E.u)du dE,
0 —1
and over the simulation time T = 50 h, the ratio

fol(r 6¢,)t

77¢
R(r,0,¢) = T 0.00

(4)
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Modelling Results: Drift Reductions @j NWU"
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Modelling Results: Delayed Onsets @J NWU"
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Summary @J NWU"

@ We present a drift reduction factor with a pitch-angle dependence.

@ For realistic turbulence conditions in the inner heliosphere, we predict
that field aligned and low energy particles will experience more drift
reduction and that drift reduction will have a weak radial dependence.

@ We tested three different perpendicular diffusion theories (FLRW,
NLGC, and UNLT) in PARADISE for solar energetic protons.

o Drifts could potentially have a large effect, but cross-field diffusion
smears out these effects.

@ Drift reduction further diminishes drift effects, such that drift becomes a
second order process.

o We investigated the prediction that parallel streaming will also be
reduced.

@ Streaming reduction causes a delayed onset at an observer and further
reduce drift effects.
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s the proposed fs(1) plausible? @J NWU"
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Transport Parameters

Perpendicular Diffusion Coefficient (FLRW)
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Transport Parameters

Perpendicular Diffusion Coefficient (UNLT)

Perpendicular Diffusion Coefficient (NLGC)
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Transport Parameters

Parallel Mean Free Path
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