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Dipole curvilinear coordinate system
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Resonant interactions

Resonance Condition: log[Daa (s71)]
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Whistler pitch angle diffusion
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* Cyclotron resonance is more efficient for pitch-angle diffusion:

» Diffusion coefficients vary as «B2 [da Silva et al, JGR, 2017]



Whistler energy diffusion
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* Landau resonance is comparable to cyclotron for energy

diffusion; Do = (AK?)
KK = N JGR, 2017]

+ Diffusion coefficients vary as xB;
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Whistler nonlinear energy advection

B, =108, B, = 10728, B, =10"'B,

“ < > 4

At = 250—450 0 At = 250-300 5

Energy (keV) Energy (keV) Energy (keV) Energy (keV)

* Strong, systematic energy advection arises at high wave amplitudes
* Significant acceleration due to both cyclotron and Landau

resonances Ap =

At
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Strong EMIC pitch angle diffusion
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Change In pitch angle distribution from EMIC
In 13s, even low energies affected

Pitch angle distribution function

Low energy particles
scattered more
effectively at low pitch
angles

Pitch angle distribution function
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Resonance of band pass filtered Bs with Vr -> non-

dominant high k, wave power causes pitch angle

scattering of this relatively low energy relativistic electron

Br

Bs

w104

A . . 200
2r Op m /K Qﬁ\ />,\ ’mh r'(},\, f'f,}Tﬂ“-H r'ﬂ,':,\ 1 ,n’ﬁ‘. ?\ - 100
I|I I \ I| \\ [ W\ I 'I' \ III [ II'. I|I {1 I|I /A \ III II." \ I|I A III [\ \

O |'I l'll II' II" |'I / I' I" I';' I' I'l. III II' II'I l'I -'III II' \ |'I. II' ll' |'I / II' ll* |'I | II' II 'III.'J III" III / II'III" III ;"IF II'I\' |'I"II II'IH 10
’I."I |II Il"qlz"l | "'4/ |II ,'I |III I'|| Illn'l |III : | I." |III , |III I‘"r"" |\ | ||II.I IIIII."I |II -III III | ||II Iy |II III
ST EEARVARVARY AR/ VAR VARVARYARVARVARVARVI BT
-4 I | I | | I | I -200
6.86 6.87 6.88 6.89 6.9 6.91 65.92 6.93 6.94 6.95
t (2 1Cp'}
g4 X107 . 200
2r /\r\/\u/\”m /\f\)p qﬁm\ﬂw\w\w’\‘m“
L WWMMAMUAMMMY:
-2 - "u" \\/I \Jf\j UI\\./U UIII'IU \/ I\\/ 4 -100
P . | ' ' -200
6.86 6.87 6. 88 6. 89 6. 9 6. 91 6.92 6.93 6.94 6.95

t(2,,)

w
=

\Vr



And for a wide range of (homogeneous) simulation parameters,
the H band mode dominates EMIC wave power at high k,
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Conclusions

Whistler waves pitch angle scatter relativistic electrons
predominately through the n = 1 cyclotron resonance

Landau resonance can cause diffusion in both energy and
pitch angle. Landau resonance can occur even without E, (as
In our hybrid code system)

Whistler diffusion consistent with quasilinear diffusion, but
energy and pitch angle (not shown) advection is nonlineatrr,
driving particles toward resonances

EMIC waves can lead to strong pitch angle scattering of
relativistic electrons

Particles with energy below the resonant energy of the
dominant waves can be scattered by H mode waves that
extend to high k,, even if the wave power at those k, values
Is small compared to the dominant waves. Particles with low
pitch angle will be most strongly affected.



Another Conclusion

* Relativistic electron precipitation is often linked to He
band EMIC events. But this study suggests that the
wave power that causes precipitation of relativistic
electrons with energy below the resonant energy is in the
H band. Denton et al. [JGR, 2014] showed that the He
band is often dominant when the plasma density is large.
Large plasma density means that the normalization
factor for k, o,/c , Is large, meaning that the wave
numbers will be larger in real units (e.g., km1). This
suggests that the best conditions for precipitation of
relatively low energy relativistic electrons will occur when
both the He mode (associated with high density) and the
H mode (directly causing the pitch angle scattering) are
present. A recent observational study by Murong Qin et
al. (manuscript in progress) finds this very result.
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