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(a-d) Coverage of EMFISIS HFR-WFR measurements used for electron density estimation when (a) AE<150 nT;
(b) 150 nT<AE<600 nT; (b) 600 nT<AE<1000 nT; (d) AE>1000 nT. (e-h) Probability to be inside plasmasphere or
plasmaspheric plumes from quiet (AE<150nT) to strongly disturbed (AE>1000 nT) geomagnetic activity. The
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PP location

Distribution of ωpe/Ωce value as a function of L-shell in the day and night sectors of the inner magnetosphere
(a,b) for quiet magnetosphere conditions with AE<150 nT (c,d) for 600 nT<AE<1000 nT. The mean values are
shown by empty red and blue circles, indicating measurements inside and outside the plasmasphere,
respectively. The solid red curve shows the probability that the measurements were performed inside the
plasmasphere.
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ωpe/Ωce in the plasmasphere and plasma through

(i-l) wpe/Wce from EMFISIS HFR-WFR measurements inside plasmasphere or plasmaspheric plumes for the same
geomagnetic activity ranges as in (a-d). The solid red curve indicates the 50% probability to be inside
plasmaspheric regions, dotted red lines showing 5% and 95% probabilities. (m-p) same as (i-l) in the plasma
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ωpe/Ωce in the plasmasphere and plasma through

RMS chorus amplitude profiles in the day and night-morning
sectors from the model by Agapitov et al. (2018) for the day
(dashed curves) and night-morning (solid curves) sectors.

Chorus ω/Ωce on latitude from
RBSP 2012-2016
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The chorus model

Pitch angle and energy diffusion coefficients calculated with the approximation of chorus parallel propagation
for three wpe/wce values of wpe/wce=4.5, 3, and 1.5 marked by black, blue, and red color respectively. The
values calculated for the night sector are shown with solid curves, for the day sector – with dashed curves.
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Daa and DEE

Statistics of time-averaged and bounced-averaged quasi-linear pitch-angle diffusion rates Daa of 1 MeV electrons
by lower-band chorus waves in the plasma trough for different geomagnetic activity levels, based on measured
ωpe/Ωce and chorus wave frequency from the Van Allen Probes: (a) AE<150 nT; (b) 150 nT<AE<600 nT; (b) 600
nT<AE<1000 nT; (d) AE>1000 nT. (e-h) Time-averaged and bounced-averaged quasi-linear energy diffusion
rates DEE of 1 MeV electrons in the same format as (a-d). (i-l)
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Daa and DEE

Effective acceleration strength factor SA=DEE/Daa in the same format as (a-d) and
SA=<DEE>MLT/<Daa>MLT on L-shell. The PP location is marked by the yellow line.
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Acceleration efficiency: τ DEE

(a) Variation of wpe/Wce with AE in the day (red) and night (black)
sectors;
(b) Latitude of cyclotron resonance lR,S with 1 MeV electrons near
their loss-cone (lR,S for constant wpe/Wce values of 4.3 and 3.5 in the
day and night sectors, respectively, are shown by dashed lines);
(c) RMS chorus wave amplitude in the vicinity of the geomagnetic
equator, where most of the chorus-driven electron energization
occurs;
(d) RMS chorus wave amplitude at λR,S (for 1 MeV electrons) where
chorus-driven scattering leads to precipitation in the atmosphere;
(e) chorus-driven energy scattering rate DEE for measured wm/Wce,
ωpe/Ωce (solid curves), the dotted black curve showing DEE for a
constant ωpe/Ωce =3.5 in the night sector (circles show corresponding
full numerical solutions, calculated using the statistical chorus model
with a finite population of oblique waves developed by Agapitov et al.,
2018);
(f) Same as (e) for the chorus-driven pitch-angle scattering rate Daa
near the loss-cone;
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Dynamics of ωpe/Ωce and effects to Daa and DEE

(a) - Dynamic spectrum of chorus wave electric field from Van Allen Probe A, obtained from EMFISIS on 201610-13 (14:40-16:10UT) below 10 kHz and HFR above 10 kHz. Electron cyclotron frequency Ωce is indicated by
the red curve, 0.5 Ωce and 0.1 Ωce are indicated by the white curves. (b) 5-second averaged lower band chorus
wave amplitude from EMFISIS captured during three inbound orbits, the blue curve corresponds to the
spectrum in panel (a). ωpe/Ωce is ~1.2-1.3 at 15-16UT. These parameters lead to time scales ~2 hours.
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Wave dynamics

Panels (d),(c), and (e) present the corresponding dynamics of electron
PSD for µ=25, 200 and 700 MeV/G, respectively (corresponding to
energies 0.1, 0.6, and 1.4 MeV at L*=4) from Van Allen Probe B.
Different colors correspond to different times indicated in the legend of
panel (f). Panel (f) shows the dynamics of the electron PSD as a
function of electron energy at L*=4. The enhancement of 10-200 keV
particles is coursed by the injection. The enhancement of 0.5-2 MeV
electrons is local with a maximum at L*=4. The acceleration time scale
can be estimated from the inbound and the following outbound orbits
as ~2 hours.

SWG @ APL/JHU, May 29-31, 2019

PSD dynamics

Conclusions

-

wave normal angle distribution: existence of the significant oblique whistler population’s influence
on electron scattering;

-

chorus frequency dependence on latitude was supposed to be constant, however, Van Allen
Probes showed that the relative wave frequency goes down with latitude from 0.35 fce at the equator
to ~0.1 fce at 20 degrees, decreasing the electron scattering resonance latitude from ~30 degrees to
~25 degrees;

-

ωpe/Ωce value affects the scattering rates and also sufficiently influences the electron scattering
resonance latitudes.

Van Allen Probes observations of fUH show that ωpe/Ωce depends on the geomagnetic activity level:
ωpe/Ωce in the night/morning sector goes down from 3.5 to ~1.5 during geomagnetic activity enhancement
– when PP approaches the Earth. This (1) decreases the electron cyclotron resonance latitudes down to
~15o increasing Daa; (2) increases DEE leading to fast local acceleration at L*~3.5-4.5 with time scales 23 hours.
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The factors recently highlighted by Van Allen Probes to affect the efficiency and control the
predominance of the precipitation or acceleration regimes, such as:
- whistler-mode wave amplitude distribution with latitude determines the regime of scattering or
acceleration;

