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How ULF wave transport coupled to dynamic outer
BC can explain the apparently diverse belt response
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Which waveparticle interactions?
Impact of (outer) boundary
condition dynamics?
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ULF Wave-MeV Electron lefusmn

A Rate of energy change due to ULF interactions:

— = CIE ﬂVd + ME
dt g |t
A Can transport particles along phase space density
gradients: inwards (energisation) or outwards (e.g.,
magnetopause loss; L o t o Getah, 2010; Turner et al.,
2012; Mann et al., 2016) explain observed response?

Diffusion to lower L Diffusion to higher W
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L How Quickly
can Outer
Boundary
Impact the
Radiation Belt?

Two hours of Ozeke et al.
(2014) Kp dependent ULF
wave radial transport
(defined by ground ULF
waves).
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ULF Wave Radial Diffusive Transport
Model (Brizard & Chan, Phys. Plasmas,2004)
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Loss term

df ual o |f
-2 Hgp BOL
dt pLgeI__2 LLuLg t 1

AMAGNETI Co AELECTRI Co

D =1t Fat mZPn?(L,mMK/D) Dy, =52 cﬂa PE (L, mus,)

Compressional
Magnetic Field Power Energy dependence

Azimuthal Electric Field
Power
These two terms can be derived in space empirically.
Electric often dominates 7 allows DLL characterization from ground.

Ozeke et al., 2012, 2013, 2014, 2017
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(a) Meas 3 4 Me\f flux (b) Meas. 4.2 MeV Electron Flux (c) Meas. 5.2 MeV flux
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0.720 MeV electron flux log, , (/cm?/sr/s/keV)

gl Shprits et al, 2007 electron lifetimes outside Ipp and 100 days inside |pp
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Driven by Kp ULF statistics.
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Ozeke et al. GRL 2014.
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Third Radiation Belt

Driven by observed ULF waves.
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L* 3.4 MeV L* 2.6 MeV L* 2.1 MeV

L* 4.2 MeV

REPT data Simulation with DLLE [meas.]
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3.4 MeV 2.6 MeV 2.1 MeV

4.2 MeV

Flux at L*=4 /MeV/cm*/s/src

Simulated
REPT data
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Radiation Belt Extinction
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Olifer et al. Talk on Thursday.
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Radiation Belt Extinction
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ULF wave radial diffusion coupled to dynamic outer boundary condition
can reproduce a wide range of observed outer belt morphologies.

Van Allen Probes can only specify the model outer BC at best on
timescales every ~4 hours. At times this may not be sufficient to capture
the appropriate internal and indeed BC dynamics.

GPS can allow the outer boundary source flux to be specified at higher
temporal resolution.

Fast ULF wave coupling, combined with still not fully unexplained fast
radi ation belt fext i rfdatviste belt dynamiash r

Has the promise to deliver simple but high fidelity ultra-relativistic radiation
belt specification and forecasting!
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Measured vs Statistical DLL value
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Energy-Dependent Response
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Multi-MeV Simulated Flux, IMeV/em?/s/sr
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VERB model runs
with Brautigam
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Albert, JGR,
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