From Objective 2a:

H, He, O energy/pitch-angle spectra from 5-400 keV.@ 1/spin. Energy resolution of 50%with 20 degree pitch angel bins covering 0-180 degrees. 

From Objective 2b:

H, He, O energy/pitch-angle spectra from 50-400 keV.@ 1/spin. Energy resolution of 50%with 20 degree pitch angel bins covering 60-120 degrees. Electron energy/pitch-angle spectra from 0.1-4 MeV @ 1/spin  Energy resolution of TBD (30%) with 20 degree pitch angel bins covering 60-120 degrees. 

From Objective 2c:

H, He, O energy/pitch-angle spectra from 1-400 keV.@ 1/spin. Energy resolution of 50%with 20 degree pitch angel bins covering 60-120 degrees. Electron energy/pitch-angle spectra from 0.1-4 MeV @ 1/spin  Energy resolution of TBD (30%) with 20 degree pitch angel bins covering 60-120 degrees. 

From Objective 3a:

Electrons (0.5 - 1000 keV); dE/E=20%; 30 second resolution; 2D pitch angle coverage; pitch angle resolution <40 degrees; Protons, helium, oxygen (0.1 - 200 keV); dE/E=20%; 1 minute resolution; 2D pitch angle coverage; pitch angle resolution <40 degrees; SEPs (5 - >500 MeV protons; >1 MeV/nuc heavy ions); 3 minutes resolution

From Objective 3b:

Energy and pitch angle resolved ion fluxes from 20 keV to 10 MeV. Required energy resolution varies from 20% dE/E at 20 keV to 100% dE/E at 10 MeV. Cadence 1 min.  Composition protons, helium, oxygen.  Pitch angle resolution TBD.

From Objective 4Q3:

Need ring current ion composition, energy, and pitch angles, <1 minute cadence, energy coverage from ~10 keV to 400 keV. (See Objectives 7 and 8 for details on measurement requirements.)

From Objective 5a:

Electrons (0.5 - 1000 keV); dE/E<40%; 1 minute resolution; 2D pitch angle coverage; pitch angle resolution <40 degrees; Protons, helium, oxygen (0.1 - 200 keV); dE/E<40%; 1 minute resolution; 2D pitch angle coverage; pitch angle resolution <40 degrees

From Objective 5d:

Electrons (0.5 - 1000 keV); dE/E<40%; 30 second resolution; 2D pitch angle coverage; pitch angle resolution <40 degrees; Protons, helium, oxygen (0.1 - 200 keV); dE/E<40%; 1 minute resolution; 2D pitch angle coverage; pitch angle resolution <40 degrees; SEPs (5 - >500 MeV protons; >1 MeV/nuc heavy ions); 3 minutes resolution

From Objective 6a:

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 1 minute.  Energy Resolution: 50%. Accuracy: 20%  Interspacecraft precision: 20%. Pitch angle resolution: 20 degrees.  Pitch angle coverage: 0-90 or 90-180 degrees.

From Objective 6c:

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 1 minute.  Energy Resolution: 20%. Accuracy: 20%  Interspacecraft precision: 20%. Pitch angle resolution: 10 degrees.  Pitch angle coverage: 0-90 or 90-180 degrees.

From Objective 7a:

H, He, O energy spectra from 5-400 keV.  Cadence: 1 minute.  Energy Resolution: 50%. Accuracy: 20%  Interspacecraft precision: 20%. 

From Objective 7c:

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 1 minute.  Energy Resolution: 50%. Accuracy: 20%  Interspacecraft precision: 20%. Pitch angle resolution: 20 degrees.  Pitch angle coverage: 0-90 or 90-180 degrees.

From Objective 7d:

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 1 minute.  Energy Resolution: 50%. Accuracy: 20%  Interspacecraft precision: 20%. Pitch angle resolution: 20 degrees.  Pitch angle coverage: 0-90 or 90-180 degrees.

From Objective 7e:

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 12 seconds.  Energy Resolution: 20%. Accuracy: 20%  Interspacecraft precision: 20%. Pitch angle resolution: 20 degrees.  Pitch angle coverage: 0-90 or 90-180 degrees.

From Objective 7f:

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 1 minute.  Energy Resolution: 10%. Accuracy: 10%  Interspacecraft precision: 20%. Pitch angle resolution: 10 degrees.  Pitch angle coverage: 0-90 or 90-180 degrees.

From Objective 8a:

Energy and pitch-angle resolved particle fluxes at <0.02L spatial sampling. Required energy resoultion varies from 20% dE/E at 1 eV to 100% dE/E at 1 GeV. Electrons required from 1 eV to 10 MeV, protons from 1 eV to 1 GeV, Oxygen from 10 eV to 400 keV

From Objective 8b:

Energy and pitch-angle resolved particle fluxes at <0.02L spatial sampling. Required energy resoultion varies from 20% dE/E at 1 eV to 100% dE/E at 1 GeV. Electrons required from 1 eV to 10 MeV, protons from 1 eV to 1 GeV, Oxygen from 10 eV to 400 keV, Helium from ????-????. Particle data is the ground truth output and a minimum subset will be required as input.

Tightest Requirements:

Obj. 2a

H, He, O energy/pitch-angle spectra from 5-400 keV.@ 1/spin. Energy resolution of 50%with 20 degree pitch angel bins covering 0-180 degrees. 

Obj. 3a

Protons, helium, oxygen (0.1 - 200 keV); dE/E=20%; 1 minute resolution; 2D pitch angle coverage; pitch angle resolution <40 degrees

From Objective 6c:

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 1 minute.  Energy Resolution: 20%. Accuracy: 20%  Interspacecraft precision: 20%. Pitch angle resolution: 10 degrees.  Pitch angle coverage: 0-90 or 90-180 degrees.

From Objective 7e:

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 12 seconds.  Energy Resolution: 20%. Accuracy: 20%  Interspacecraft precision: 20%. Pitch angle resolution: 20 degrees.  Pitch angle coverage: 0-90 or 90-180 degrees.

From Objective 7f:

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 1 minute.  Energy Resolution: 10%. Accuracy: 10%  Interspacecraft precision: 20%. Pitch angle resolution: 10 degrees.  Pitch angle coverage: 0-90 or 90-180 degrees.

Combined, Driving Requirements, Ring Current (from 2a, 2b, 2c, 7e, 7f):

H, He, O energy/pitch-angle spectra from 5-400 keV.  Cadence: 12 seconds (1/spin).  Energy Resolution: 10%. Accuracy: 10%  Interspacecraft precision: 20%. Pitch angle resolution: 10 degrees.  Pitch angle coverage: 0-180 degrees.

RB-SPICE Capabilities:

H+:   10-1000 keV   (might get down to 5 keV; need HOPE to cover lower)

He+:   20-1000 keV    (need HOPE to cover lower)

O+:   40-1000 keV   (need HOPE to cover lower)

12-24 second resolution, high data rate; 48 second resolution, low data rate

Energy resolution: 
<10% for H > 30 keV, He > 45 keV, O > 80 keV




~20-40% below those energies.

Pitch angle coverage:  Either 0 -140 or 40 – 180.  Can’t get 0 – 180.
Pitch angle resolution:  Nominally ~ 22.5°; 

for high data rate, good statistics, and using deconvolution, <10°
High data rate capabilities indicated in RED.
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of Interest High Interest Intervals (~5 Days) Science Meet Science Requirements? Objective
Number of FOV sectors 6 High Angular Res | High Time Resolution | Low Angular Res RED = Strongest
Bits/channel (log compr) 10 Burst Mode (Standard) (Standard) (minimal) Drivers
Size of PHA word (bits) 40 2.8° sectors 11.25° sectors 22.5° sectors 45° sectors
Size of Status packet (bits 640 64 E channels 64 E channels 64 E channels 32 E channels
pats olof= alibratio ) )-16 0 o
(MED 210 spins)
Group 1: (H, elect) SPECTRA 2 2 2 2 2
# of Energy rate bins 64 48 64 64 32
Energy resolution, 5 - 1000 keV 9% 12% 9% 9% 18% 10% - 20% energy resolution 3a,b, 6¢c, 7a,e
Cadence (sec/readout) 120.00 3.00 240.00 240.00 240.00
(--> degrees/spin sector) 90.00 90.00 45.00 45.00 90.00
(--> # sectors/spin) 4.0 4.0 8.0 8.0 4.0
Number of spins accumulated over [ERRNMONI 1 | 20 [ = 20 | = 20 [ Accumulated over multiple spins |
Group 2: (H, elect) Time/Angle 2.0 2.0 2.0 2.0 2.0
# of Energy rate bins 11 11 11 11 11
Energy resolution, 30 - 400 keV 27% 27% 27% 27% 27% <30% energy resolution 3a,b, 6¢c, 7a,e
Cadence (sec/readout) 0.6000 0.0938 0.3750 0.7500 0.7500
(--> degrees/spin sector) 18 2.8125 11.25 22.5 22.5 22.5 x 15 ~meets 20° reqt. 2a,b, 6a, 7a,c,d,e,
(--> # sectors/spin) 20.0 128.0 32.0 16.0 16.0 11.25 x 15 comes close to 10° 6c, 7f
Group 3: (He, O) or (H, O) 2 2 2 2 2
# of Energy rate bins 8 8 8 8 8
Energy resolution, 5 - 30 keV/nuc 25% 25% 25% 25% 25% <30% energy resolution 3a,b, 6¢c, 7a,e
Cadence (sec/readout) 2.00 0.19 0.75 1.50 1.50
(--> degrees/spin sector) 60.00 5.63 22.50 45.00 45.00
(--> # sectors/spin) 6.0 64.0 16.0 8.0 8.0
Group 4: (Singles)
# of singles channels 15 15 15 15 15
Cadence (sec/readout) 1.50 0.38 0.75 1.50 1.50
(--> degrees/spin sector) 45.00 11.25 22.50 45.00 45.00
(--> # sectors/spin) 8.0 32.0 16.0 8.0 8.0
Number of spins accumulated over - 1 1 _1-spin ==> 1 sector resolution 1 spin: 2a,b,c, 7e
Time resolution (seconds) 12 12 12 - 48 sec full distribution 2-5 spins
PHA Events All AO Ob;.
Number of PHA events/sec 4 4 2 2 2
PHA Events: bits per second 160 160 80 80 80
Status Data
Status Data Update Rate (seconds) 60 12 12 12 12
Status Data: (bits/sec) 11 53 53 53 53
Total: bits/sec (uncompressed) 729 21733 2889 2889 822
Assumed Compression Ratio 1.8 1.8 1.8 1.8 1.8
Assumed Packet Overhead 0.05 0.05 0.05 0.05 0.05
Total: bits/sec (compressed) 425 12678 1685 1685 480 <== Meets baseline allocation





