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Overview of Presentation

* |Introduction to MagEIS sensors
— Overview of sensor design and features

* MagEIS observations of inner zone and slot region

during March 2013

— Overview of MagEIS observations in March including the CIR and CME
generated storms

— MagEIS observations of electron spectra in the inner radiation zone for
L=1.15 - 2 before and following the 1 & 17 March events
" These preliminary electron spectra have been corrected for proton
backgrounds
- MagEIS observations of electron spectra in the slot region and inner

edge of the outer radiation belts (L=2-4) before and following the March
events

* Discussion and Summary
. (A) AEROSPACE



MagEIS Electron Sensors

« MagEIS uses magnetic spectrometers to
measure electron fluxes

The spectrometer’s magnetic field momentum
analyzes the electrons focusing a limited
energy range on each detector pixel

The energy deposits are digitized by a 256
channel pulse-height analyzer

Look-Up-Tables (LUTs) are used to extract
only those energy deposits that are
consistent with the momentum of the electron

and the position of the detector pixel in the

magnet’s focal plane

— This allows us to determine the
background from the “wings” of the pulse-
height distribution and subtract it out later

The high energy unit uses coincidence

between its Front and Back detectors to

further reduce the background response
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MagEIS Energy Channels and Histograms

Plot [a] shows the response of the MagEIS-A
Med75 spectrometer to a 2°Sr-20Y beta source

— The source has a broad relatively flat beta spectrum
covering the full energy range of the Med75 unit

The points indicate the individual pulse-height
energy channels that define the response peaks

The histogram data for this unit extends over a
larger range of energies than shown here for each
energy channel

The main channels are taken from the “sweet spot”
of each detector’s response as shown by the
shading on the red curve.

Plot [b] shows the steep electron spectrum
observed by the same spectrometer in the radiation
belts for L~4

- These are from the on-orbit histogram data

— The center energy of each channel is indicated
in the legend

- Background was estimated from the “wings” of
the histograms
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MagEIS-A L vs. Time Spectrograms for Selected Energies
Feb. 26 — Mar. 30, 2013

MagEIs-A Spin-Averaged Differential Electron Flux Background Comected

« Selected MagEIS energy
channels are plotted as electron
flux as a function of L and UT for
the 26 Feb. through 30 Mar.
period

* We focus on the two intervals BOkeV
highlighted by the rectangles for '
our pre and post storm inner
zone, slot region and inner edge

37 keV

185 keV - -

of outer zone study

» Both the 1 March CIR and the
CME arriving 17 March :
generated significant flux A o

enhancements

 However only the lower energies
were enhanced in the slot region 1.3 MeV -
and even the inner zone as we '
show in what follows

* Note the slow diffusive transport ,
of the < 464 keV electrons into 2> MeV
the slot region and outer part of |
inner zone following the 17 :
March event ey .
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MagEIS-B L vs. Time Spectrograms for Selected Energies

» Same as previous slide
but for RBSP-B

Feb. 26 —Apr. 5, 2013
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MagEIS-B Corrected & Uncorrected E-T Spectrograms

[a] Fluxes Not Corrected
for Background

[b] Fluxes Corrected for
Background

[c] OP77Q L & L*

[d] OP77Q and TSY04D
L*forlL*<4

[e] B/Bo from OP77Q &
TSY04D
« Highlighted regions, with
B/Bo~1 were used to get

pre and post onset
spectra

 The black line over-
plotted on the

spectrogram in [a] shows -

SYM-H scaled such that
O nT is at the 10° flux

level and the plot y-axis
base is -60 nT

26 February — 6 March 2013
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MagEIS-A  Corrected & Uncorrected E-T Spectrograms
26 February — 6 March 2013

RBSP-B Selections
Like previous slide: with i / RBSP-A MagEIS-L2 Spin-Averaged Difrential Electron Fu mlé
sample intervals for both
spacecraft high-lighted

[a] Fluxes Not Corrected §
for Background g

[b] Fluxes Corrected for

Background | J e 'L : |
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[c] OP77Q L & L* [b] = = — i |
[d] OP77Q and TSY04D o
L*TorL*=s4

[e] B/Bo from OP77Q & | |
TSY04D

* Highlighted regions, where
B/B, ~1, were used to get
pre and post onset spectra
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MagEIS-B Inner Zone Spectra (1.175<L*<2) For March 1, 2013 Event
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MagEIS-A Inner Zone Spectra (1.175<L*<2) For March 1, 2013 Event
[a]

* Plots show Pre Storm
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MagEIS-B Slot Region Spectra (2<L*<3) For March 1, 2013 Event
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MagEIS-A Slot Region Spectra (2<L*<3) For March 1, 2013 Event

« Essentially no change in
slot fluxes up through
“Transition” period

* Enhanced fluxes observed
at the outer edge (L*>2.4)

of the slot region in the
early post onset interval

* Lowest energy electrons

(<200 keV) show slight
enhancements (~factor of

2) at all L* values in slot

region

* For > 200 keV only the

outer most regions of slot
showed a flux increase

*» Enhanced electron fluxes
start their decay back

towards the pre storm
levels at 2™ day after

onset

» Most pronounced at outer
edge of slot

* No electrons =1 MeV were
observed above

background levels in the
slow region
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MagEIS-A OZ Inner Edge Spectra (3<L*<4) For March 1, 2013 Event

* The outer zone inner edge
(OZIE: 3=L"<4) spectra

remained essentially the same
up through the Transition
interval

= Small flux increase was
observed for 70-150 keV at
*=4 during Transition (gray
curve)

» Flux highest for small L* at
<300 keV

* Fluxes at all energies and L*
values had increased early in

the post onset interval with the
greatest increases at larger L*
values (>3 orders of magnitude
for 150 keV for L*=4)
* Fluxes at the lowest L™ had the
smallest increases

* By the 2" day post onset, the
<400 keV higher L fluxes had
decayed by over an order of
magnitude giving rise to peaks
in the spectrum for L*>3.4
reminiscent of the peak at few
MeV observed pre onset for
L*=4

* The spectral peaks remained
on Post onset day 4 but
continued to decay

Eleciransdom” 8 sr k2\)

Electronafem” & a1 ke

MagElS-A L® =3.0-4.0 Inner Edge of OZ
Pre Onset-1 22772013 00320354 UT

Easaii

] R

En, ka'y

MagEIS-A L® = 3.0 - 4.0 Inner Edge of OZ
Post Onset Early 3272013 0027-0344 UT

Electrans/{cm” s sr ke

!

Electronsicm” s 1 keV)

MagElS-A L® = 3.0-4.0 Inner Edge of OZ

Pre Onset-2 22872073 0332-0653 UT

10° = : =y
E— ! — 38
o =t
vE \\ = '
; 1 _'._I ..-1 —_— [] :
107 }1‘ — s o
F— - —1 -
- T S
AN —3ef
1nl-r " I.---.-I.1. \J " 3 * .|: _._:rll.11-

Electrons/fcm’ s sr kel

Euw, ka'y

MagEIS-& L" = 3.0 - 4.0 Inner Edge of 0L
Day 372 2114 1o 3/3 DOJT, 2013

Post Onset 2™

!

Ll

—H ]

—

—aofT

Electronsficm” s sr keV)

I EREN
107 ‘Inftial | :dll.'.l
: increase | | | ]
| *=4 1
HJLE { HE I
- traversal ' .
s = “of sjot- &
& ‘outbound -
mr.!:-'. S B A
1{]'.!.. b
107 %
.“-J-I_t_.l_ ...........

MagEIS-A L"=3.0-4.0 Inner Edge of OZ

Transition 2028 2124 1031 0045, 2013

Ea, kil

MagEIS-A L* = 3.0 - 4.0 Inner Edge of OZ

N

Post Onset 4™ Day  3/%/2013 0011-0333 UT

Decay
continues
at a_tt I_.‘r H

Lt
—g 0]
— |

— 3.6}

100




MagEIS-B OZ Inner Edge Spectra (3<sL*<4) For March 1, 2013 Event

Same as for A spacecraft

* The outer zone inner edge
(OZIE: 3=L*<4) spectra remained
the same up through the Pre
onset interval

* Flux highest at small L*

* Flux increase observed at all
energies by Post onset-1 interval

» [ncreases greatest for largest L™
(e.g. black & red curves)

* Fluxes at all energies and L*
values had increased early in the
post onset interval with the
greatest increases at the larger
L* values (>3 orders of
magnitude for 150 keV at L*=4)

» Fluxes at the lowest L* had the
smallest increases

» By the 2" day post onset, the
low energy higher L fluxes had

decayed by over an order of
magnitude giving rise to peaks in
the spectrum for L*>3.4
reminiscent of the peak at few
MeV observed pre storm for
L*=4

* The spectral peaks remained on
day 4 but continued to decay
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MagEIS-A Corrected & Uncorrected E-T Spectrograms

[a] Fluxes Not Corrected [a]

for Background

[b] Fluxes Corrected for
Background

[c] OP77Q L & L*

[d] OP77Q and TSY04D
forL*<4

[e] B/B, from OP77Q &
TSY04D

* Highlighted regions used to
get pre and post onset
spectra

* The regions for RBSP-B
overlap those for RBSP-A

* The black line over-plotted
on the spectrogram in [3]
shows SYM-H scaled such
that O nT is at the 102 flux
level and the plot y-axis base
is-150T

March 13-23, 2013
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MagEIS-A Inner Zone Spectra (1.175<L*<2) For March 17, 2013 Event

The spectra were very
similar throughout the
Pre onset intervals

Electron spectra may
peak near 60 keV during
quiet time

Electrons >800 keV are
at MagElS’s background
levels throughout the
inner zone

No MeV electrons
in the inner zone!

Strong radial gradient
for L<1.5

Fluxes somewhat
enhanced post onset
consistent with
appearance of
penetration in L vs. Time
spectrograms

Peak formed in low L*
spectra near 200 keV

* No such peak appeared
after 1 March event
onset
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MagEIS-B Inner Zone Spectra (1.175<L*<2) For March 17, 2013 Event

MagEIS-B Inner Zone Spectra

Like RBSP-A

The spectra were very
similar throughout the Pre
onset intervals

Electron spectra may peak

near 60 keV during quiet

time

Electrons >800 keV are at

MagEIS background levels

throughout the inner zone

- No MeV electrons in the
inner zone!

Strong radial gradient for

L<1.5

Fluxes somewhat
enhanced post onset
consistent with penetration
seenin L vs. Time
spectrograms

Spectral peak formed near
200 keV at the lower L*

* No such peak appeared
after 1 March event onset
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MagEIS-A Slot Region Spectra (2<L*<3) For March 17, 2013 Event

* No change in slot fluxes
through the pre onset
intervals (like pre 1 Mar.)

L]

Enhanced fluxes observed

at the outer edge (L*>2.6)

of the slot region in the first

post onset interval

Lowest energy electrons

(<200 keV) show slight

enhancements (~50%) at
all L* values in slot region

Enhanced electron fluxes
start their decay back

towards the pre storm levels
during 2™ and 3™ day after

onset

=

Most pronounced at outer

edge of slot

No MeV electrons above

background at all L* in slot
Post onset rise in slot

fluxes slightly greater for
this event though similar
to the 1 March event

Post onset spectra can be
well fit by exponential form
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MagEIS-B Slot Region Spectra (2<L*<3) For March 17, 2013 Event

Essentially identical to

A satellite observations

-

-

Enhanced fluxes observed
at the outer edge (L*>2.6)
of the slot region in the first
post onset interval

- Lowest energy electrons
(<200 keV) show slight
enhancements (~50%) at
all L* values in slot region

Enhanced electron fluxes

start their decay back
towards the pre storm
levels during 2nd and 3rd

day after onset

- Most pronounced at outer
edge of slot (larger L*)

No MeV electrons above
background at all L* in slot

Post onset rise in slot
fluxes slightly greater for
this event though similar

to the 1 March event

Post onset spectra can be
well fit by exponential form
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MagEIS-A OZ Inner Edge Spectra (3<L*<4) For March 17, 2013 Event

The outer zone inner edge
(3=L*=4) spectra remained
essentially the same through
the first two pre onset
intervals

- The L*>3.2 fluxes at < 100

keV rose significantly during
the 3" pre onset interval

Fluxes at all energies and L*

values had increased by the

15! post onset interval with

the greatest increases at the

larger L* values (>2 orders

of magnitude for 100-500 keV

i=4}

- Fluxes at the lowest L* had

the smallest increases but

still quite significant,
especially at >100 keV

By the 3™ post onset interval,
the 300- 800 keV fluxes had
decayed to <1/2 their peak
values and the spectra were
starting to show a peaking in
the 0.7-1 MeV range similar
to that observed pre onset

- The fluxes <200 keV at
largest L* were still
increasing at post onset 3
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MagEIS-B OZ Inner Edge Spectra (3<L*<4) For March 17, 2013 Event
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PSD Estimate for pre onset Interval of 1 March Event

Estimate assumes spin average
flux ~ ., at magnetic equator Pre 1 March Onset - - Radial Profile
and p.,,, ~ Spin average 10"
momentum

.- 7 F 7 ‘!’Il
 — —— | ———

U is calculated using OPQ field
model assuming satellite at
magnetic equator

107 ===

Electron energy spectra are 107 4——F
converted to PSD versus p ;
spectrum for each L*

— 10 MeV/G

PSD versus p spectra are then R O S R e & 20 MeVIG 5=
fit and evaluated to obtain PSD 2 o e e e
at constant y which are plotted T T T TATIN <1 [ [ | |
versus L* as shown

PSD

The dashed lines are power law | I I I
fits to the points in PSD-L* 0 R A S S PP Y S
space 1 2 3 4 5
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Summary

* MagEIS has made relatively clean measurements throughout the inner zone and
slot region where backgrounds from high energy protons often mask the electron
fluxes
— No electrons, above background, were observed for energies >800-1000 keV by MagEIS

in the Inner Zone and Slot regions

* The slot region fluxes were highest for small L* during the pre event periods for
both intervals

* Low energy electrons were observed to be enhanced throughout the inner zone,
slot and and inner edge of the outer zone in response to both the CIR and CME
magnetic storms in March 2013

* On the whole, the responses in these three regions were similar for both events
with the 17 March event causing somewhat larger flux enhancements in the slot
and inner edge of the outer zone

* The one feature unique to the 17 March event was the formation of a spectral
peak near 200 keV at the lower L* values in the inner zone
— Need to look at other events to see if this reoccurs

* The 30-800 keV fluxes filled the electron slot region following the 17 March onset,
resulting in the same spectral shape at all L* 3 to 4 days after onset

* The initial quiet time radial profiles rise with increasing L* indicating the electrons

probably diffused inward from larger L*
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