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1  INTRODUCTION

1.1 DOCUMENT PURPOSE

This is the Data Analysis Handbook for the Van Allen ProBResliation Belt Storm Probes lon
Composition Experiment (RBSPICE). This handbixoiktended taguide RBSPICE data users in
locating, identifying and understanding the contdrthe RBSPICE data filamaintained by the
RBSPICE Science Operations Center (S@G)data products are added or changedther changes are
made to the system for storing and accessing the RBSPICEhia@gcument will be updated
accordingly.

1.2 DOCUMENT SCOPE

This document contairists, descriptionandbr explanationgertaining tahe followingRBSPICE data
assets

Data directory struare and file naming conventipn

Dataproducts produced and utilized by the RBSPICE $i@ta processing systemdadata publication
system

Produced and published data proddietgshe RBSPICE instrument aboard each Van Allen Probes
satellite, A and Bwhich areavailable to the general publiand

Processes used to conviire data and generate data products aaugtdi specificationfrom Level 0
through Level 4

Users who wish to work with either telemetry or commanding alateho have other questionst
addressed in this documeartncerning data maintained by the RBSPICE $bauld contacRBSPICE
SOC Lead EnigeerJerry W. ManweilerPh.D.at Manweiler@ftecs.com

1.3  APPLICABLE DOCUMENTATION

Originally named the Radiation Belt Storm Probes (RBSP), the mission wwasnezl the Van Allen
Probes, following successful launch and commissiotogsimplicity and continuitythe RBSP short
form has been retained for existing documentation, fileimgnand data product identification purposes.
The RBSPICE investigation including the RBSPICE Instrument SOC maintains compliance with
requirements levied in all applicable mission control documents.

1.4 ACRONYM DEFINITIONS

[Insert table of data products, wiacronyms, and explain what the data products are and how they are
used Maybe organize the table by protons, qpoatons, ions, ett.

RBSPICHnstrument Paper

One key document that every user of the RBSPICE data should read is the RBSPICE Instripenent Pa
The abstract can be foundrtp://link.springer.com/article/10.1007%2Fs1121¥3-9965x, along with a
link to the full paper.
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2 LINKS TO DATA FILES, CALIBRATION TABLES AND
SOFTWARE

2.1 RBSPICE A AND B DATA FILES

Publicly accessible data filésr spacecraft Aare found ahttp://rbspicea.ftecs.com

Publicly accessible data files for spacecBafire found ahttp://rbspiceb.ftecs.com

2.2 RBSPICE A AND B CALIBRATION TABLES

Calibration Tableg, Field Name Descriptions

SC Name of spacecraft either RBSPA or RBSPB

ProductTypel One of the product types listed in thginning of the cal file

Telescope | Identifies which of the six telescopes the cal information corresponds

StartuUTC The starting time for this calibration record in UTC string format (SOWY
DDTHH:MM:SS:hhh)

StartET The starting time for thisalibration record in Ephemeris Time using the J2000 epg

StopUTC The ending time for this calibration record in UTC string format (GAOY-Y
DDTHH:MM:SS:hhh)

StopET The ending time for this calibration record in Ephemeris Time using the J2000 ep

Spetes The primary species for which this calibration record is respomanate that this
does not identify all species that this channel will detect but the species that it is
designed to detect, some channels are responsive to multiple speciedegahding
upon the situation the primary species differs from time to time. E.g. TOFXPH pro
are generally responsive to protons but some of the channels are responsive to
Oxygen or Helium although when those species are not present the channeltet
background proton rates

Channel The energy channel number for this calibration record

E Low The bottom energy of the passband in MeV

E_High The upper energy of the passband in MeV

E_Mid The calculated midpoint energy of the passband in MeV. Nwtethis is not always
the geometrical mean since some passbands are more sensitive to lower energig
even though they allow for higher energy ranges

G_Small The small pixel geometrical factor in cm”2*sr. See the RBSPICE Data Handbook
more informatian about pixel sizes

G_Large The large pixel geometrical factor in cm”2*sr. See the RBSPICE Data Handbook
more information about pixel sizes

Eff The efficiency of the energy channel.

Notes Any specific notes about this energy channel.
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Calibration tables for spacecraft A are founditp://rbspice.ftecs.com/RBSPICEA_Calibration.html

Calibration tables for spacecraft B are foundtgt://rbspice.ftecs.com/RBSPICEB_ Calibration.html

2.3 SOFTWARE REQUIRED AND RECOMMENDED TO USE RBSPICE DATA

CDF Files

Access and use of the RBSPICE data requires the
(CDF) software CDF V36.0, which supports th€DF_TIME_TT2000variableand properly handles the

new leapsecond added on June 30, 20hi software is available for download at

http://cdf.gsfc.nasa.gov

CSV Files
CSV files can be opened with PKZiwhich can be found at this website:
http://www.pkware.com/software/pkzip

Data visualization
MIDL is used and recommended by the RBSPICE team to visualize RBSPI&H d&s software is
available for download dtttp://sdwww.jhuapl.edu/rbspice/MIDL

3 RBSPICE SOC ARCHIVE DATA PRODUCTS

The RBSPICE SOC data systeontainsdata products derived from other RBSP missiglated data
sources, as well as that data which is produced by the RBSPICE SOC, both intermediary and final.
Organizationally this can be viewed as a collection of data categories, data product specifications, and
data production specificatienEachof the following sections provides details of these organizational
perspectives on the RBSPICE data.

3.1 RBSPICE DATA CATEGORIES

Table3-3-1 lists the vaious RBSPICE data categories representing the highest level perspective on the
data that is to be contained by the RBSPICE SOC Data Repository system. These categories do not
necessarily represent a directory structure, but do drive the final strucsemiad in Sectioh.

Table 3-3-1 Top level list of RBSPICE Data Categories

Data Category Data Source Publication/Access Level
MOC Data Products not instrument specific MOC RBSPICE team only
EMFISIS MagData Products MOC/EMFISIS SOC RBSPICE team only
RBSPICE Instrument Data (telemetry/Level 0) | MOC RBSPICE team only
RBSPICE Level 1, 2, 3 Data RBSPICE SOC General Public
RBSPICE Level 3 PAP data RBSPICE SOC General Public
RBSPICE Level 4 Data modelingdata RBSPICE Science Teall RBSP

RBSPICE Level 4 Data results data RBSPICE Science Teal General Public
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| RBSPICE Intermediate Data | RBSPICE SOC | RBSPICE SOC only |

3.2 RBSPICE DATA PRODUCTS SPECIFICATION

Table3-3-2 lists the collection of data products contained in the RBSPICE SOC Data Repository that are
specific to the RBSPICE Instrument measurements, as well as any other data elements requaessto pro
and understand/interpret the RBSPICE data. The Level 0 data products are downloaded directly from the
Mission Operations Center (MOC), stored locally within the RBSPICE SOC Data Repository, and used
for production of the higher level data productsisitable provides a high level characterization of the
important variables defining the various data products and drives the final structure of the RBSPICE SOC
Data Repository.

For a more complete discussion of each of the higher level data produtite @oedtrolling variablesee
http://link.springer.com/article/10.1007%2Fs113-9965x for the abstract and a link to the full

paper.

Table 3-3-2 RBSPICE SOC Data Products

LO
Product Species E_nergy Data L1 Data |L-2 Data L3 Data Type L4 Data Type
ins T Type Type
ype
lon Basic Rate lons NA Count |Rate
Electron Basic Rate [Electrons |NA Count |Rate
Low Energy
Resolution HighTime
Resolution Electron
Species Rate Electrons (14 Count |Spectra |Spectra Flux [PAD, Aggregates |PSD, 2nd, 3rd Adiabat,
High Energy
Resolution Low Time
Resolution Electron
Species Rate Electrons |64 Count |Spectra [Spectra Flux [PAD, Aggregates |PSD, 2nd, 3rdidiabat,
High Energy
Resolution Low Time
Resolution lon Specig
Raté lons 64 Count |Spectra [Spectra Flux [PAD, Aggregates |PSD, 2nd, 3rd Adiabat,
High Energy
Resolution Low Time
Resolution TOFxPH
Proton Rate Protons 32 Count |Spectra |Spectra Flux [PAD, Aggregates |PSD, 2nd, 3rd Adiabat,
TOFXE Proton Rate [Protons 14 Count |Spectra [Spectra Flux [PAD, Aggregates |PSD, 2nd, 3rd Adiabat,
TOFXE non Proton
Rate Heavy lons 28 Count |Spectra [Spectra Flux [PAD, Aggregates |PSD, 2nd, 3rd Adiabat,
Low Energy
ResolutionHigh Time
Resolution TOFxPH
Proton Rate Protons 10 Count |Spectra [Spectra Flux [PAD, Aggregates |PSD, 2nd, 3rd Adiabat,
TOFXE lon Species [lons 64 Count |Spectra [Spectra Flux [PAD, Aggregates |PSD, 2nd, 3rd Adiabat,
Space Weather RatesAll NA Count |Rate Flux
lon Species Basic Rallons NA Count |Rate
Priority Events NA NA Event
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. Energy L0 L1 Data |[L2 Data
Product Species . Data L3 Data Type L4 Data Type
Bins Type Type
Type
lon Energy Diagnosti(
Rate lons NA Count |[Rate
lon Species Diagnost
Rate lons NA Count |Rate
Raw lon Species
Events lons NA Event
Raw Electron Energy
Events Electrons |NA Event
Raw lon Energy
Events lons NA Event
Auxiliary Data NA NA AUX
Critical Housekeeping
Data NA NA HSK
Magnetometer Data
and Pointing
Information Mag Pitch Angles
1:Useoftheterm s peci es” i desdrigtienssenislpadiogdince these three data products utilize the energy collection mode of the RBSPICE

instrument rather tharthe species collection mod&ee below for more detaigboutwhich products use which instrument modes.

3.3 RBSPICE DATA PRODUCT PRODUCTION SPECIFICATIONS

Table3-3-3 lists the various data produdhtat existwithin the RBSPICE SOC Data Repositanyd are
eitherproducedr usedoy the RBSPICE SOC Processing System and stored within the RBSPICE SOC
Data Repository. This table provides the critical variables that drive the final storage solution including
the expected requirements on the final data voldrhese requirements drivet only the size of the file
system but alsoharacterizehe performancefdhe database where the data resfde quick access and

use by the publication system.

Table 3-3-3 RBSPICE SOC Data Product Production Specifications

Data Product Title | Contents Volume Format Latercy Frequency
Level
LO Raw Raw decommutated 414 MB/ | Binary from Receipt| daily
telemetry telemetry received at day - (To)
RBSPICESOC TBR
L1 Count Rates | Sorted, timetagged, 750 MB/ | ISTP To+< 14 daily
instrument separated cts/s{ day- TBR | Compliant days
CDF &
ASCII (CSsV
L2 Calibrated Calibrated and corrected | 1200 MB | ISTP To+<1 daily
Flux physical units / day- Compliant month
TBR CDF &
ASCII (CSV
L3 Pitch Angle Pitch angle distributions, | 1500 MB | ISTP To+<3 daily
and Moments | plasma moments / day- Compliant months*
TBR CDF &
ASCII (CsV
L4 Phase Space | PSD units, adiabatic 30 MB/ ISTP To+ < 1 year| daily
Density invariants, mag cooidates | day Compliant
CDF &
ASCII (CsV
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34 RBSPICE DATA PRODUCTS AND RELATED INSTRUMENT DATA MODES

RBSPICEFlight Software spirbased sectoring is used to break each spin into 36 sectors. The sectoring
information is then used to drive the accumulation periods for each of the counting data prbaloiets.

3-4 identifies the various data products collectedhi®yRBSPICE instrument on each spacecraft. The
accumulation time of each measurement is dependent up&redbency stringshown in the table.

TheFrequencycolumnuses the following key phrases:

As needed This product is only produced at certain @mand is not a regular product
On Demand This product is only produced at certain times and is not a regular product
OnDemand Thisproduct is | i ke the “On Demand” but

Commandable Thefrequency of thigroduct is configurable
Every Second A record is produced every second the instrument is on
Every Spin A record is produced once per spin
S Sectors A record is produced every S sectors;
S is a configurable number in the flight software (fsw)
S*N1 Sectors A record is produced every S*N1 sectors where S and N1 are configurable in the fsv
S*N1*N2 Accumulation occurs over multiple spins for every S*N1*N2 sectors wtheractual
Sectors/Spins  number of Spins and the valuesfN1, and N2 are all céigurable in the fsw.
180 Seconds A record is produced every 180 seconds.

The Mode column uses the following key phrases:

NA Not Applicable to a data mode collection pattern

lon Species Data is collected using the lon Species Instrument fode
lon Energy Data is collected using the lon Energy Instrument rhode
Electron Energy Data is collected using the Electron Energy Instrument i

1-See the instrument paper fodescription of the various instrument modes.

Certainstringsin theProductNames relate to the accumulation time and resolution of the energy spectra.
These strings are best interpreted as:

LEHT  Low Energy Resolution High Time Resoluti
HELT  High Energy Resolution Low Time Resoluti

Table 3-4 RBSPICE Data Products and Instrument Modes

301 Command Echo Commands As needed NA
302  Alarm Alarms As needed NA
303  Memory Checksum MemoryChecksu On Demand NA
m
304  Memory Dump MemoryDump On Demand, 1/sec = NA
305 Status Status Commandable NA
306 Boot Status BootStatus Commandable NA
307 Macro Dump MacroDump On Demand, 1/sec  NA
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308 Macro Checksums MacroChecksums On Demand NA
309 Monitor Limits MonitorLimits On Demand NA
30A  Parameters Parameters On Demand NA
30B  Text Text On Demand NA
30C  Pixel Parameters PixelParameters On Demand NA
30D NA
30E NA
30F NA
310  Critical Housekeeping CHSK Every Second NA
311  Space Weather SW Every Spin lon Species
312 Electron Energy Basic Rates EBR S Sectors Electron
Energy
313 lon Energy Basic Rates IBR S Sectors lon Energy
314 lon Energy Diagnostic Rates IEDR S Sectors lon Energy
315 lon Species Basic Rates ISBR S Sectors lon Species
316 lon Species Diagnostic Rates ISDR S Sectors lon Species
317 LER-HTR ElectronSpectra ESRLEHT S Sectors Electron
Energy
318 HER LTR lon Spectra ISRHELT S*N1*N2 lon Energy
Sectors/Spins
319 HER LTR Electron Spectra ESRHELT S*N1*N2 Electron
Sectors/Spins Energy
31A  TOFxEnergy lon Energy TOFXE_lon S*N1*N2 lon Species
Spectra Sectors/Spins
31B  TOFxEnergy Proton Rates  TOFxXE_H S Sectors lon Species
31C  TOFxEnergy NorProton TOFXE_nonH S*N1 Sectors lon Species
Rates
31D LRHTR TOFxPH Proton TOFXPH_H_LEH S Sectors lon Species
Rates T
3lE HRLTR TOFxPH Proton TOFXPH_H_HEL S*N1*N2 lon Species
Rates T Sectors/Spins
31F  Raw Electron Energy Events REEE S Sectors Electron
Energy
320 Raw lon Energy Events RIEE S Sectors lon Energy
321  Raw lon Species Events RISE S Sectors lon Species
322 Priority Events Priority S Sectors lon Species
323  Auxiliary Aux Every Spin NA
324  ERM Data ERM 180 seconds NA
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3.5

RBSPICE DATA PRODUCT PRODUCTION STEPS (HIGH LEVEL OVERVIEW)

The RBSPICE automation systgrarformsthe following processing stegda theorderlisted

1)

2)

3)

4)

5)

6)

7

8)

Download Processing

Nightly, a set of download scripts is triggered to bring dolata that require processing
SPICE Files

Mission Operations Center (MOC) Telemetry Files

EMFISIS Level 2 Magnetic Field Files

ECT Level 2 Magnetic Ephemeris Files

apow

SPICE Processing
Key XML scripts are modified in this step to integrate new SPICE kernels into the overall
system.

MOC Data Organization
RBSPICE data downloaded from the MOC is moved to a final directory within the overall
repository directory structure, based upon the APIhefdata product.

Data Characterization

The system does a full file read to provide a detailed characterization of each file including the
actual start and stop times of the data, the total number of records, and other relevant information.
This informdion is entered into a processing control database, which is the primary driver for
subsequent data processing.

Level 0 Processing Daily Files in which each record start time occurs in the specified day/year
A Processing Script is read, identifying winicevel O Data Products are to be produced.

a. Telemetry data files for each product are then read.

b. The data is extracted into the database.

c. A Comma Separated Values (CSV) tesised Level 0 data file is produced.

d. A Common Data Format (CDF) Level 0 data fderoduced.

Level 1 Processing
A Processing Script is read, identifying which Level 1 Data Products are to be produced.
a. Counting data files for each product are then read.
b. The counts for each record are then converted into a rate, in units of Cowrid/Sec
c. A CSV textbased Level 1 data file is produced.
d. A CDF Level 1 data file is produced.
Level 2 Processing
A Processing Script is read, identifying which Level 2 Data Products are to be produced.
a. Rate data files for each product are then read.
b. The ratedor each record are then converted, using the RBSPICE calibration data, into
particle intensities (flux) in units of counts/(sec*sr#MeV).
c. A CSV textbased Level 2 data file is produced.
d. A CDF Level 2 data file is produced.

Level 3 Processing
A Processing Script is read, identifying which Level 3 Data Products are to be produced.
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Intensity data files for each product are then read.

The Magnetic Field data for the time frame is then loaded.

The Magnetic Ephemeris data for the time frame is thaaed.

Pitch Angles for each telescope look direction are calculated, using the SPICE system.
A CDF Level 3 data file is produced.

Po0TR

9) Level 3 Pitch Angle and Pressure (PAP) Processing
A Processing Script is read, identifying which Level 3 PAP Data Producte aeproduced
a. Level 3 data files for each product are then read
b. The intensity data is binned according to a specified pitch angle binning schema
c. The aggregate data (pressures, density, omnidirectional flux, integrated flux) are
calculated
d. A CDF Level 3PAP data file is produced

3.6 RBSPICE DATA PRODUCT PRODUCTION STEPS (DETAILED PROCESSING
ALGORITHMS)

The RBSPICE SOC software system is comprised of a ggboéssing workflowgsee previous section)

in which the underlying software system triggers different processing code for each workflow. The
following sections detail the algorithms used in the creation df¢kel 0 Count Files, theevel 1 Rate

files, the Level 2 Intensr (flux) files, and the Level 3 Pitch Angle file®etails presented for each of

these stepare sufficient tallow other software developers to write their own translation workflow.

(Note that only the RBSPICE SOC data files are considered the Offiliase of the datand any files
produced by outside agents using these algorithms are considered unofficial even though they might be
identical in content.)

3.6.1 Level 0 Processing Algorithms

Level 0 data is generated by directly decoding telemetry in@rpidata valuesTheencoding is
described completely in the RBPSICE Instrument Flight Software and needs no additional description
Specific aspects of the telemetry to Level O processing are explained below.

Thedatafields describedare used throughut the various workflows to generate proddotd_evel O
throughLevel 3.

Timing values

SCLOCK UInt32 The value of the SCLOCK at the beginning of the spin 0..429491
Fine UIntl6 The value of th&BSPICE high resolution clock at the beginning of the spin 0 ...6 55 3 5
SCLOCK units of (1/29 seconds

One tick of the Fine SCLOCK value

microseconds
Spin UIntl6 The current spin number as received from the SC in the 1 PPS signal 0 ...6 555 3
Spin UInt32 The value of the spin period in milliseconds used by the RBSPICE flight S\ 5000 ...2 0 (
Duration units of milliseconds

Accumulation Mode values —used in the calculation of accumulation duration to convert counts to rates
(see below)
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Field Name Description

Integration SectorsS Byte  Number of sectors used in the RBSPICE fast accumulation mode 1-36
Integration Multiplier -  Byte  Multiplication factor used to control the number of sectors accumulation ii 1-36
N1 medium modes

Integration Multiplier 2= Byte  Multiplication factor used to control the number of sectors accumulated ir 1-36
N2 slow modes

Integration Spin Spin Byte  Number of spins to include in the slow accumulation mode 1-20

Pixel Size Values — used in he calculation of intensity (flux)
Field Name Type Description Values
Electron Pixel epixet  Bool  Identifies whether we are using the small pixel (0) or the large pixel (1) size ir 0-1
electron energy mode

lon Energy Pixet Bool Identifies whethewe are using the small pixel or the large pixel in ion energy 0-1
|Epixel mode
lon Species Pixel Bool Identifies whether we are using the small pixel or the large pixel in ion specie: 0-1
| Spixel mode

Data Collection Pattern - used in the calculation of accumulation start/stop times and duration to convert
counts to rates
Field Name Type Description Values
Subsector + DCP[0] Byte Identifies what accumulation mode is used in the first half of the sector 0-2
O=Electron Energyl=lon Energy, 2=lon Species
| Subsector 2 DCP[1] Byte Identifies what accumulation mode is used in the third quarter of the se 0-2 |
| Subsector3-DCP[2] Byte Identifies what accumulation mode is used in the fourth quarter of the € 0-2 |

Spin Data —used in the calculation of pitch angles

Field Name Type Description Values
| Spin Data Valid-validssin ~ Bool  Identifies if the spin value from the SC is valid or not, O=invalid, 1=v: 0-1
| Mag Data Valid- validmag Bool Identifies if the magnetifield value from SC is valid or not 0-1 |
|

Mag Phase Valid validphase Bool  Identifies if the magnetic field phase value from SC is valid ornot ~ 0-1 |

Time Stamp Generation

Thetelemetry product X328Auxiliary) is the only component of the receivieBSPICEtelemetry that
providesthe ability to create high time resolutiorronversiorfrom spacecraft clockSCLOCK) plusthe
RBSPICE instrumeninternaltimer (Fine SCLOCH, which isused for data accumulation in the counters
to ephemeris timéET) representig the real time on a clocklhe X323 packetare generateby the
RBSPICE instrument at the enfleach spinThe packetgscludea time stammlerived fromthe timing
information providedy the spacecrait the*1 PPSPulse Per SpinyC tolnstrument data packetThe
SCLOCK value cycles from 0 #29496729%nd then repeat3 he Fine SCLOCK value cycles from 0 to
65535 and is in units of (1¥) secondsIn generaleach tick of the SCLOCK is approximately 1 second
although this relationship can drifepending ugpn the heating and cooling of tispacecraft The

SCLOCK value is not a unique valumut repeats everd36.19years. Since the Vaillen Probes

Mission is a nominaiwo-year missionit is expectedhat the SCLOCK value never repeats over the life
of themission. However, environmental factors could trigger a reset of the SCLOCK.

BecauseheVan Allen Probes spacecraiitbit throughextreme radiation environmentsis expected that
at some time Single Event Upset (SEU) will occwausing the SCLOCK to reset one or both ofhe
spacecraft. One of thmissionrequirementassignedo the Mission Operations Center (MOi€}o
ensure the SCLOCK value is unique and monotonic throughout ttue tiie mission, including
extended mission phasesienin the event of aSEU. The RBSPICE SOC has written the processing
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software with the assumption that the SCLOCK valievided to the RBSPICE instrumédstunigue and
will never repeatWhen combind with theFine SCLOCK valug the resulting time valugrovides
RBSPICEscientistghe ability to meet the-2 millisecond resolution requirement definitispecified for
inter-instrument calculationss specified in the instrument requirement documents.

The X323 telemetry recordime stamps ardecoded by the RBSPICE SOC software system and the
resultingSCLOCK and e SCLOCK values are converted into a time starsing the following
algorithm

1. The Fnevalue is converted into seconds as fine*{9/and then converted into SPICE fine
second€1/5x10) i.e. in units of 20 milliseconds per tick

2. The SCLOCK data value from telemetry along with firee SCLOCK value (see step 1) is
converted into éimestamp by use of the JPL SPICE software systednthe MOGprovidedRBSP
(A/B) SPICE SCLOCK kernsl (Note that he SPICE system has a high resolution mapping kernel that
relates SCLOCK values to EWhich is defined in the J2000 EPOCQH.

3. The next step in the process is to get the ET value atdhieof each sector. The BBICE
flight software divides a spin into 36 sectohs the end of the spjithe spin duration valuef the just
finished spins reportedn the X323 telemetry record. With the ET valfrem step 2)of the start of the
spinand the spin duration in millisecondisis possible to directly calculate the ET value at the start of
each sector:

i nQt
. o ¢ . .

i Qo éinQEIl Qwo el zi Qo€
xEAOAAQI MRA OE A @l EOI ddC E
ATIAQOoEOEMPEAT GBIEDERO A @ERA A O O

i Qoo éi

Most other telemetry packets received from the RBSPICE instrument contapirttendsector numbexr
at the start of the telemetry patkso thatET at the start of an accumulation can be easily calculated.

Duration of Measurement and Start/Stop Times

During the process of generating the timestamp for each measurement, the level O processing system also
calculates the duration of each measurement. This is not as simpdeedgcalculating thestart timeof

each measurement and subtractirfigpm thestart of the previous measuremesitice the RBSPICE

instrument has three possible measurement modes which can be assigned to one of the three available
subsector measurement time frames.

To understand this full\it is necessary to understand how theSRBCE instrument takes measurements.

Each sector is divided into three subsectors. Subsector 0 spans the first half of the sector; subsector 1
spanghe third quarter of the sector, and subsector 2 spans the fourth quarter of the sector.

Sector 0 | Sector 1 | Sector 2

ki § ; §
ubsector 1 iSUbsector 2 Subsector 0 ubsector 1 @Subsector 2

ftime |

aad
380

Subsector 2 Subsector 0

Figure 3-1 Sector and subsector scheme used by RBSPICE also showing inter-subsector dead times.
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measure electrons and ionghin a sectoor, alternatively to usea single type of measurement for

higher resolution sciencélso shown in the diagramish e i nstadhctisme’t
end of each subsectdue tothe instrument must reconfigog itself for the next subsector. This portion

viklge c h

occu

of the subsector time must be subtracted from the overall time of the subsector to properly calculate the

total durationof the measuremerithe response of the RBSPICE electronics shows that a transition from

subsector 2 to subsector 0 takes 4.04 milliseconds and a transition from subsector O to 1 or subsector 1 to

2 takes 3.95 milliseconds.
The key values required to prafecalculate the measurement duration are found in the X323 telemetry
packet (see above$pin Duration (in secondshccumulation Mode Values (S, N1, N2, and Spin) and

Data Collection Pattern (DCP). For each time measurement, the timing system eefiesiliary data
from the RBSPICE database for the current running value of each of these vaiidigesning system
also identifies the type of data product being procegedsing thefollowing table the system
understansdthe frequency of the measuremémtthe producand whichDCP modeapplies to the

measurement.

Table 3-4 Data Collection Pattern and Frequency by APID

301 Command Echo Commands As needed NA

302 Alarm As needed NA

303 Memory Checksum MemoryChecksu On Demand NA

304 Memory Dump MemoryDump On Demand, 1/sec NA

305 Status Commandable NA

306 Boot Status BootStatus Commandable NA

307 Macro Dump MacroDump On Demand, 1/sec NA

308 Macro Checksums MacroChecksums On Demand NA

309 Monitor Limits MonitorLimits On Demand NA

30A Parameters Parameters On Demand NA

30B Text On Demand NA

30C Pixel Parameters PixelParameters On Demand NA

30D NA

30E NA

30F NA

310 Critical Housekeeping Every Second NA

311 Space Weather Every Spin lon Species

312 Electron Energy Basic Rates S Sectors Electron

Energy

313 lon Energy Basic Rates S Sectors lon Energy

314 lon EnergyDiagnostic Rates S Sectors lon Energy

315 lon Species Basic Rates S Sectors lon Species
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316 lon Species Diagnostic Rates ISDR S Sectors
317 LERHTR Electron Spectra ESRLEHT S Sectors
318 HER LTR lon Spectra ISRHELT S*N1*N2

Sectors/Spins
319 HER LTR Electron Spectra ESRHELT S*N1*N2

Sectors/Spins
31A TOFxEnergy lon Energy TOFXE_lon S*N1*N2

Spectra Sectors/Spins

31B TOFxEnergy Proton Rates TOFxXE_H S Sectors
31C TOFxEnergy Neroton Rates TOFXE_nonH S*N1 Sectors
31D LRHTR TOFxPH Proton Rate TOFXPH_H_LEHT S Sectors
31E HRLTR TOFxPH Proton Rate TOFXPH_H_HELT S*N1*N2

Sectors/Spins
31F Raw Electron Energy Events REEE S Sectors
320 Raw lon Energy Events RIEE S Sectors
321 Raw lon Species Events RISE S Sectors
322  Priority Events Priority S Sectors
323 Auxilary Aux Every Spin
324 ERM Data ERM 180 seconds

lon Species
Electron
Energy

lon Energy

Electron
Energy
lon Species

lon Species
lon Species
lon Species
lon Species

Electron
Energy
lon Energy

lon Species
lon Species
NA
NA

The timing system calculates the duration of the measuraminf the following algorithm
1) Usethe current Spiburationandcalculate:

a. Accumulation timeof a sector acCGector

b. Duration of ¥ of a sector (or a subsectatlrsubsector

2) Identify theProduct Accumulation Factor (S, S*N1, S*N1*N2, S*N1*$pins)from the above

3)

4)

table

a. Use the values of S, N1, N2, and Spincalculate the multiplication factor

b. If this measurement is done over multiple spire. (S*N1*N2/Spins)then we also need

factor = S;

factor = S*N1;or

factor = S*N1*N2

to query the database for the spin duration of each spin included in the measurement so
that the timing can be calculated as precisely as podsitéach spin in the

measurement, i.e. aggorand duunsectodre recalculated for each value of spin duration.
For the current product, identify which subsectors (0, 1, or 2) are invimh\ted measurement

for the DCP mode derived from the table

Note that tis measurement modmuld beused inall possible combiations ofsubsectors( 1,

and/or2), but since we are working with a particular product with real, dla¢gehas tobeat

leastones ubsector

i nvol ved

(ot her wi se

Create two variables to capture the durations:
a. AccumTime—to capture the total amount of sector/subsector éivadablein the
measurement

b. DeadTime-to capture the amount of detwhe involved in the measurement
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5) For each spin that is involved in theasurementalculate the sector and subsetimes based
upon the spin duration for each spin
a. For each DCP that is involved in the measurement
i. Add the subsector tims@l0=2*dufspsector SUBL=AUEypsector SUR=AUkupsecto} 1O
the currenfAccumTime
ii. Add the specifieadTimeto theDeadTimeduraton
1. In going from subsector 2 to subsectoti® DeadTimeis 4.04

millseconds
2. In going from subsector O to 1 or 1 tptRe DeadTimeis 3.95
milliseconds
6) Calculate theluration of the measuremefuration) as (AccumTime— DeadTimé*factor for

each spin
7) Calculate the start/stop time for the accumulation
a. The start time is the start of the accumulation at the start of the first subsector involved in
the measurement.
b. The stop time is thend time of the last subsectavolved in the measurement
i. Forproducts accumulatiover a single spirthis becomes simply
endET = startET + durationBeadTime or endET = startET + AccumTime;
ii. For products accumulated over multiple spins
1. For the first spin, add in the time from the start of the measurement to the
end of thelast subsector of the last sector measured in that spin.
2. Foreach subsequenspin (except the lastadd in the total time of the
spin.
3. For the last spiradd in the time¢o gofrom the start of the spin to the
end of thdast subsector of thedasectoof the measurement
8) Calculate the Migdoint time for the accumulation
a. For single spin measuremerttsis is startET + (endE$tartET)/2
b. For multiple spin measurementkis is a very complex problem since the midpoint from
startET to endET would not necessarily occur in the middle of the sectors that are
participating in the accumulation.
This can be seemost clearlyin the following table in which we are starting our
accumulation in sector 0 and accumulating over 4 sectors and 10 spins, i.e. S=1, N1 =2,
N2 = 2, and Spir 10. The sectors involved in the measurement are identified in the
tableas green with two white squares in the migdthe location of the staand end
times areobvious. The red square outside the actual accumulation time is the false
midpoint time taken as simply the startET + (endEStartET)/2 showing that this
algorithm doesiotwork correcly. The actual midpoint timis shown in the nddle of
the two white squareandis based upothe correct calculation of the midpoint tiniehis
table(and others) werased to generate an algorithm to properly calculate what the
actualmidpoint of the measurement sased upon the starting secttie humber of
sectors involved, and the number of spins involved.
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Table 3-5 Sample multispin accumulation showing the false (red) and true (white) midpoint times of the

accumulation
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RBSPICE Status Control information
The telemetry product X305 (Status) includes a small number of values thatassaryo one or more
of the workflows as the data is processed from Level O to Level 3. These fields are described below
Field Name SoftName  Description Values
TOFxPH Deprecatior TOFxPH  Identifies how the TOFxPH events are collectt 0-7

Odi sabled (TOFxPH i sr

1-Enable All

2-Enable 1 of 2 (i.e. collect 1 out of every 2)

3-Enable 1 of 4

4-Enable 1 of 8

5-Enable 1 of 16

6-Enable 1 of 32

7-Enable 1 of 64

RBSPICE Basic Rate Information (EBR, IBR, and ISBR)

There are three telemetry products related to collection of basic rate stdtatsne critical in
processing RBSPICE data from Level O to Levedrid are parof the R, versus By algorithms
described in the Level BrocessingAlgorithms sectior{3.6.2)

The fields from eacbf these three telemetry produeare as follows:

Electron Basic Rates (X312) and lon Energy Basic Rates (X3 3ncillary Data Values

Field Name SoftName Description Units  Type Values

SSD Counters SSD[0..5] Counts events above the SSD energy threshold 1 Counts UINT32[6] O ...
each telescope

SSD Dead Time SSDDead[0..5] Integrates the amount of dead time in each SSD 100ns UINT32[6] O ...
eachtelescope

State Machine SMI Event State Machine Idle Time 100ns UINT32 0 ..

Idle

Multiple Hit MHR Counts number of events rejected due to Counts UINT32 0 ..

Reject simultaneous energy channel events

Valid Energy VEE Counts thenumber of valid energy events Counts UINT32 0 ..

Events

Valid Events VEQ Counts the number of valid energy events placec Counts UINT32 0 ..

Queued the FIFO

Valid Events VEP Counts the number of valid energy events proces Counts UINT32 0 ..

Processed by the flight software

lon Species Basic Rates (X316Ancillary Data Values

Field Name SoftName Description Units  Type Values

Start 0 Anode Start0 Counts the number of events above the startO ar Counts UINT32 0 ..
threshold

Stop 0 Anode Stop0 Counts thenumber of events above the stop0 anc Counts UINT32 0 ..
threshold

TOF Coincidence TOF Counts the number of events where the start anc Counts UINT32 0 ..
stop are within the 200ns window

Pulse Height PH Counts the number of events above the TOF pul: Counts UINT32 0 ..
heightthreshold

Start Counters Start[0..5] Counts the number of events calculated to be at Counts UINT32 0 ..
given start position per telescope

SSD Counters SSD[0..5] Counts the number of events above the SSD Counts UINT32[6] O ...
threshold
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SSD Dead Time  SSDDead|[0..5] Integrates the amount of dead time in each SSD 100ns UINT32[6] O ...
each telescope

State Machine SMI Event State Machine Idle Time 100ns UINT32 0 ..
Idle

Multiple Hit MHR Counts the number of events rejected due to Counts UINT32 0..
Reject simultaneous energy channel events

Valid TOFxPH TOFXPH Counts the number of valid TOFxPH events Counts UINT32 0 ...
Events

Valid TOFXE TOFXE Counts the number of valid TOFXE events Counts UINT32 0...
Events

Valid Events VEQ Counts thenumber of valid energy events placed Counts UINT32 0 ..
Queued the FIFO

Valid Events VEP Counts the number of valid energy events Counts UINT32 0 ..
Processed processed by the flight software

3.6.2 Level 1 Processing Algorithms

The primary activity in processing the Level O data into Level 1 data is to convert the count data into rate
data. This is done in a series of algorithmic steps in whichetiel 0 count data is read into memory,

the duration of the measurementdadedfrom the Level O filethe counts themselves are adjusted
according to the Rvs Ry algorithm,andthe rate data is then written tdavel 1 file. The following

constants and variables are used throughout the subsequent sections:

MaxpLe Maximumnumber of 100ns intervals for which data can be Uint32 969938
accumulated
Clkperos  Number of nanoseconds in the RBSPICE DPU clock period Uint32 100
SToeads  Start counter dead time due to synchronization logic Uint32 2
SReas  Stop counter dead time due to synchronization logic Uint32 2
SReto Interval in which additional stop pulses cause the event to be disce UInt32 2
RDTveto  Interval for inhibiting start and stop counter during chip TOF reset UlInt32 1
PKDreset Intervalfor resetting the peak detector Uint32 4
PUR/tw Interval during which a second SSD pulse causes the event to be UInt32 7
discarded

Rin Vs Rt Algorithm and Formulae
Basic Rates
EBR (X312), IBR(X313), and ISBRX315) telemetry includes the measured counts (SSD) and dead time
(SSDDead) for each telescope. These values are contededte value using the followirdgorithm:
For each telescopavliere“tele’ goes fromD to 5)
r . r .., Q01 ®W0QE ¢
Wwowo H 7
pzp M Z00dQ
QQ& 0@ ®G Qi QWIH Q
Cosb @O0
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Energy Rates
Conversion of the counts obtained for the ESRLEHT(X317), ISRHELT(X318), and ESRHELT(X319)
telemetry is somewhat moeemplicategdbecausehe algorithm requires an understanding of the spin
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information (X323) and the basic rate data (EBR for ESRLEHT and ESRHELT, IBR for ISRHELT) to
fully convert the count data into a rate. For purposes of this algorithm, the countinahegelemetry
are calledh;, wherei refers to the telescope number @neffers to the energy channel of the
measurementFollowing is e algorithm used in the RBSPICE S@&dftware for each telescope and
each energy channel:

1) If the count is zerareturn a rate of 0.0

2) Identify the number of sectors involved in the measurerbased upon the frequency of the

product (S, S*N1, S*N1*N2/Spins)for an example see tables3

3) Calculate the default rate &Q QW 6 & 0+6-6-Q

4) If the measurement spans a single spin

Get the basic rate energy data objectl)for the current SCLOCK, Spin, ai@&ctor
5) If the measurement spans multiple spins

Get a conglomerate basic rate energy data olgedtfor the current SCLOCK, SpiandSector

for each involved spin
6) If erd= null, return thedefaultrate(i.e. we cannot do R vs R correction without the basic rate

data)

(Note that there are some scenarios in which this is pogsililthey are extremely raje
7) Get the following variablegdm theerd object:

vee= valid energy events

vep= valid events processed

idle = state machine idle

ssd= basic count for the current telescope

ssddead- basic count dead time for the current telescope
8) Calculatethe basic ratehrate, (see section above) using the values returned iaerthebject
9) Calculate each of the following termskdesetandcipurvety) using the following formula:

o qQ ’ ’
QR o6 Q
Mz QQ GO 7 & @

0 ONQ0d p T 206 ® ® Q0 e
This algorithm can produce rates that are ssndibn the default rate at somewhat low counting times.
The SOGsoftware tests for this condition and returns the default rate if the calculated rate is smaller. Note
that the SOC software has conditions on the level of failure built into the progessihghat if the
percent error of the calculated rate versusiifault rate (in an error condition) is significantly higten
a particular file will fail so that more investigation can be made to better understand the situation.

Eventually the file will be allowed to succe@uhce it has been understood and reasghthaino
significant processing issiginvolved.

1 woQ

Species TOFxPH Rates
The conversion of the species mode TOFxPH measurements for products TOFXPHHLEHT (X31D) and
TOFXPHHHELT (X31E) follows a similar algorithm as discussed for the calculation of Energy Rates (see
above). The key difference is in thalues used from the lorp&cies Basic Rate data objeetd) and the
formulasof step 9:
7) Get the following variableBom the erd object:

vtofxe= valid TOFxE events

vtofxph= valid TOFxPH events

vep= valid events processed
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idle = state machine idle
ssd= basic count for the crent telescope
ssddead- basic count dead time for the current telescope
stopO= number of events above the Stop 0 threshold
9) Calculate each of the following ternmefgc)

QO OA
. Nz 00E QDENE DN
I oD

Zl ”n v Ty
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Species TOFE Rates
The conversion of the species mode TOFXE measurements for products TOFxElon (X31A), TOFXEH
(X31B), and TOFxEnonH (X31C) follows a similar algorithm as discussed abo¥nérgy Rates and
Species TOFxPH rates (see above). Again the key difference is what values are acquired in Step 7 and the
formula in Step 9.
7) Get the following variableBom the erd object:
vtofxe= valid TOFxE events
vtofxph= valid TOFxPH events
vep= valid events processed
idle = state machine idle
ssd= basic count for the current telescope
ssddead- basic count dead time for the current telescope
stopO= number of events above the Stop 0 threshold
9) Calculate each of the following ternefgc)
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Error Calculations for Rate Files

As counts are converted intates the Level 1 files capture the statistical Poisson error so that the
information can be used in understanding andutating the error propagation for scientific publications.
The errors placed in theevel 1 files are done for each telescope and energy channel measured. Given a
count,n, thecalculated values are the percent error calculated as:

~y 3 o VE
Qi 1 Sié—ZpT[T[D

3.6.3 Level 2 Processing Algorithms

The primary activity in processing the Level 1 data into Level 2 data is to convert the rate data into
particle intensity (flux) data. This is done in a series of algorithmic steps in whitlevkel rate data is
read intomemory, the calibration data for the SC and product are loaded, the intensities are calculated,
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andthe intensities are then written th.avel 2 file. Additional fields are added to thevel 2 file to
match the Panel on Radiation Belt Environmental &liog) (PRBEM) standards for such data. See
http://craterre.onecert.fr//prbem/home.hfor a complete specification of this standard. Note that the
Level 2 files do not include all requiredriables to meet the PRBEM standdndt instead those
variables are added to the files to create the Level 3 final data products.

Conversion of Field Names into PRBEM standards

The PRBEM standards require all variables to fit specific field name guidelines. The RBSPICE SOC

team has made every effort to utilize these guidelines. The Level 1 rate files contain variables of rate data
with aCSV common name of#_R where # represtnthe telescop@and a CDF common name of

T# Rates. The Level 2 PRBEM standard requires a variable that is sgqm@iéfs; so the standard

Intensity (Flux) variables contained in the Level 2 files are of the standard for, M2 2te" 7’ is a
characterepresenting the species of the variable. The individual characters have the following meaning:

Character Interpretation RBPSICE Values
F Represents an Intensity or Flux
? Identifies the Species I=lon, H=Proton(Hydrogen), He=Helium,
O=0xygen, E=Electmo
D Identifies that the intensities are
Differential in energy
U Identifies that the intensities are
unidirectional and not omirectional

It should be noted that several RBSPICE products contain mutttplesityvariables becausesome of

the productenergy channelgre responsive tdifferentspecies of particleswhile the variable names
match the PRBEM standard, the variable sizes do not. When creating the intensity variables, it was
prudent to create a twdimensional arrayhat contains the intensity for each telescope and channel
combination Energy channels that are NOT responsive to the particular species are written with a fill
value in the CDF files and an empty field value in the CSV files.

Calculation of Intensities (Flux)

RBSPICE calibration data can be found at the following locations:
http://rbspice.ftecs.com/RBSPICEA_Calibration.hand

http://rbspice.ftecs.com/RBSPICEB_ Calibration.html

The data is organized by product type and contains the necessary information needed to convert
RBSPICE rate data into intensity (flux) dafBhe calibratiordatafields are described in the folldng
table.

Name Description Type  Units Values
SC Identifies the SC for this String NA RBSPA or RBSPB

record
Product Identifies the applicable String NA ESRHELT, ISRHELT, ESRLEHT,
Type product TOFxElon, TOFXEH, TOFXEnonH,

TOFXPHHHELT, and TOFXPHHLEHT

Telescope Allows the values to vary Integer NA 0O .. 5

per telescope as the

instrument starts

degrading
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StartUTC Identifies when this String  Time Standard format of CCYNUM -
calibration record is DDTHH:MM:SS.hhh
applicable
StartET Identifies the Ephemeris Real  Seconds 315576066.183925.
Time when this record is 788961666.183928
applicable
StopUTC Identifies when ending  String Time Standard format of CCYNUM -
time when this record is DDTHH:MM:SS.hhh
applicable
StopET Identifies the ending ET Real  Seconds 315576066.183925.
when this recal is 788961666.183928
applicable
Species Identifies the primary String  NA e=electron, lon(lons)=ion, H=proton,
species of the P=proton,
measurement He=Helium, O=0Oxygen, X=not used
Channel  Energy channel Integer NA 0 total number of energy channeld
E_Low Low end of the energy  Real MeV
passband
E_High High end of the energy Real MeV
passband
E_Mid Midpoint of the energy Real MeV
passband

G_Small Geometrical factor when Real cn?
the small pixels are used
(See X323ata)

G_Large Geometrical factor when Real cn?
the large pixels are used
(See X323 data)

Eff Efficiency of the Real NA
passband
Notes Relevant information String  NA

about channel

Rates are converted into Intensities using the followimgation:
1 0o Q

0 z'rQQ0

Qa0 @
O

The specific valueisedof the geometrical factoG, is based upon the current pixel value (small or large)
contained in the X323 auxiliary data packet (see Level 0 processing for more informatierf)nal

CDF variable that is created to contain the intensities is altmwensional variable of type Real and sized
as F?DU[tele,ch] so that it contains the data for each telescope and channel combination.

Additional Variables Added to Level 2 Data

A number of additional variableseadded to the Level 2 data file during conversion. The following
paragraphs and tables describe these variables and how they are calNotatéue following notatiost
Real[ch] indicates a Real array with a size eglgint to the number of energy chann&eal|tl] indicates
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a Real array with a size equivalent to the number of telescopes, and Real[tl,ch] indicates a-Real two
dimensional array with a size equivalent to the number of telescopes and energy channels.

Field Description Type Units | Limits Algorithm

L Value of the McElwain L Shell | Real Re 0.0to o0 Y.
for a Dipole Field 10.0 Al e

Position_SM Position of SC in Solar Real[3] Re -10.0to | SPICE
Magnetospheric Coordinates 10.0

F?DU_Error The Poissomstatistical percent | Realfl,ch] % 0.0to 00
error (see Level 1 error) 100.0 VE .

zpnnp

F?DU_Crosscalib_RMY This variable is not used in the| Realfl,ch] NA
Level 2 files but exists for
consistency with the PRBEM
standards. Once inter
instrument calibration is
finishedthis variable might be
used to contain that informatio

F?DU_Energy Midpoint energy for each Realfl,ch] MeV | 0.01to
energy channel 10

F?DU_Energy_Range | The high and low energy valug Realfl,2,ch] | MeV | 0.01to
for the Channel 10

Note that this variable does
NOT follow the standard which
asks for the delta low and high
values

FEDU_Quality The data quality flag using the| Integerfl,ch] | NA 0to10
PRBEM standard.

Note that currently the
automation system only sets th
value to 10 which is that the
quality is urknown. As
algorithms are developed to
clarify the quality of the data
this value will be changed.

Inter -Instrument Calibration

The RBSPICE energy measurements have beencatibsated with the MagEIS and HOPE energy
measurements for similar energy channels. These calibration activities have resulted in adjustments to the
efficiencies in the calibration table. At some time in the future the details of these calibration activities

will be presented in this section.

RBSPICE Baclkround

The current data files produced by the RBSPICE SOC are NOT background corrected for contamination
due to energetic electrons and cosmic rays. At some time in the future this section will be completed with
steps that describe the procesgpureed to background correct the RBSPICE intensity data.

3.6.4 Level 3 Processing Algorithms

The primary activity in processing the Level 2 data into Level 3 data is to calculate the pitch angles of the
six telescopedased upon the measured magnetic fieldiveddrom the EMFISIS instrument. This
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processings done in a series of algorithmic steps in which the EMFISIS magnetic field data is loaded,
the ECT Magnetic Ephemeris data is loaded] el 2 intensity data file is copieaindthe pitch angles

are @lculated and placed into the copied Level 2 Giteating a Level 3 file. Additional fields are added

to theLevel 3 file to fulfill the full standards of the PRBEM for such data. See
http://aaterre.onecert.fr//prbem/home.htfot a complete specification of this standard.

Note that the Level 3 files are only created as CDF files. It was determined that the number of fields in
the Level 2 CSV files was becoming excessive and that the amdifields added to the Level 3 files

would make this even more cumbersoriée RBSPICE SOC can provide a CSV equivalent file for a
small specific set of day# a scientist does not have software to reathe CDF files. These queries

should be emailetb the RBSPICE SOC Lead.

EMFISIS Magnetic Field Data

The Level 2 UVW EMFISIS 60 hertz magnetic field data files were chosen to be used to calculate the
RBSPICE pitch angles. These files contain data sampled at,& ldantain around 5 million samples

per data file. In order to reduce the overall memory utilization and to reduce the overall processing
requirementsthese files were deprecated by a specific programmable ninetoeebeingused to

calculate Pitch Angles Currently the deprecation is set at a factor of 8. There is no filtering used during
the deprecation stage of loading the magnetic field data into the datalneisstead every'8value was
included.

ECT Magnetic Ephemeris Data

Some of the additimal fields included in the RBSPIAEevel 3 CDF files have data taken directly from
the ECT Magnetic Ephemeris data files. The definitive OlserdPfit977quiet timefiles were usedh
this processing. The data fields chosen from these files are deeleaht to understanding the
RBSPICE energetic particle data.

Calculation of Particle Flow Direction

The particle flow direction has been added to the RBSPICE Level 3 filesfigneersionx.1.10. The

particle flow direction is calculated by utilizine definitive SPICE Ckand FKkernels for each

spacecraft at the time of the observations. The calculation is made by utilizing the SPICE function

pxform_c (FROM, TO, M) for each telescopeT h &rROfMM r ef er ence frame in the tr
RBSPICEé |l escope reference frame written as RBSPA/ B_F
RBSPB_RBSPICE_T3 would represent telescope 3 for the RBSPICE instrument on the Van Allen Probes

B spacectmcaftefedbecé frame in the transformation
relationship between the RBSPICE telescopes and the spacecraft UVW or XYZ reference frames can be
found in the Van Allen Probes frame kernels: rbspa_vxxx.tf and rbspb_vx@atfe the transformation

matrix is derived then the boresight unit vector fartetelescope (also defined in the RBSPICE frame

kernels) is multiplied by the transformation matrix@Q '@ ¢ " z 6 whereM is the

transformation matrix from the telescope reference frame to the SM reference frabis dmel

boresight it vector for the specific telescope anepresents the telescope index.

The particle flow direction is then calculated as the negative or reverse of the telescope boresight unit

vector transformed into the SM reference frame,le.g. 6 Q'@ £ Q@here is an exception thrown

during the transformation, i.e. there is either something wrong with the SPICE CK kernel or else the
transformation is not possible at the particular Ephemeris Time () the particle flow direction unit

vector returned i m8itrdirgt which represent an unknown look direction. NOTE: there are a few

files in which badoarticle flow direction unit vectors are definedias p8th pdth pdt which was

incorrectly defined as the original definition of a failed look direction calculation. If a user of this data
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encounters this anomalously defined bad particle flow direction unit vector then the user can examine the
pitch angle quality flag to determine if thialue is truly bad or else if this is an acceptable look direction.

Calculation of Pitch Angles
The pitch angle calculatiamses the following algorithman the order listed:
1) Verify that magnetic field data and magnetic ephemeris data ettistwise failprocessing.
2) Verify that SPICE EKernels are available for the time frame to be processed.
3) For each record of the Level 2 intensity variable the following:
a. Get spin segment that applies to this record
i. This recognizes data products that accumulate mwdtiple spins
b. Create an array of start and stop times based upon the accumulation sectors for each spin
involved and the available magnetic field data, i.e. this is start/stop for the actual B
vectors not for the accumulation time point.
c. Get a set of margtic field vectors for each time point contained in the time segments
defined in b.
d. Calculate the look direction for each telescope and each time point contained in the time
segments defined in b.
e. Calculate a pitch angle for each look direction/magnéld fzector combination
f. Average all pitch angles to get a final pitch angle representative of the accumulation for
this measurement
g. Set the pitch angle quality flag, as follows:
i. Quality = 0 (good)
ii. Quality=1 (bad- poorly defined virtual spin perigpd
iii. Quality =2 (bad—no magnetic field data available)
h. Set the minimum and maximum pitch angle values from the list of pitch angles as
calculated above
Note that thepitch anglerangedatais written in the F?DU_AlphaRange variable for each
species in the file.
i. Write the pitch angle datas well as the other new variables for this measurement

Additional Level 3 Variables

A number of additional variableseadded to the Level 3 data file while the pitch angles are being
calculated. The following paragraphs dables describe these variables and how they are calculated.
Note the following notaticst Real[ch] indicates a Real array with a size equivalent to the number of
energy channels, Real[tl] indicates a Real array with a size equivalent to the numbescofpiet, and
Real[tl,ch] indicates a Real twdimensional array with a size equivalent to the number of telescopes and
energy channels.

Field Description Type Units Limits Algorithm
Position Position of SC in GSE coordinates| Real Re -10.0 to SPICE
10.0
Position GSM Position of SC irlGSM Coordinates | Real[3] Re -10.0to SPICE
10.0
Position Quality PRBEM position quality flag, Integer NA Otol Always 0
0=good, 1=bad
Alpha Calculated pitch angle for each Real[tl] Degrees | -90to 90 | See above
telescope
Alpha_Quality Quality of the pitch angles Real NA Oto1l See above
calculated, 0=good, 1=bad
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ParticleDir_SM Calculated particle velocity unit Real[3] NA -1.0t0 1.0
vector in the SM reference frame,
set to (0,0,0) or-Q-1,-1) if
undefined

L _Eq Geocentc distance to Bi» point for | Real Re 1.0to 10 | ECT Data
FL threading vehicle (i.e. {R])

L_Star Generalized Roedererdhell value | Real Re 1.0to 10 | ECT Data

(L_Simple)

L_StarArr Modified McElwain L parameter for Realltl] Re 1.0to 10 | ECT Data
each telescope

I Integral invarianfor average pitch | Real ECT Data
angle

IArr Integral invariant for eactelescope | Real|tl] ECT Data
pitch angle

K Second Invariant ( I*sqrt(Bm) ) for | Real ECT Data
average pitch

Karr Second Invariant ( I*sqrt(Bm)fpr Realltl] ECT Data
each pitch angle

MLT Magnetic Latitude of SC Real Degrees | -90t0 90 | ECT Data

F?DU_Alpha Copy of Alpha required in PRBEM| Real[tl] Degrees | -90to 90 | See above
standard

F?DU_AlphaRange Minimum/Maximum values of pitchl Real[tl,2] Degrees | -90to 90 | See above
angle over the accumulation periog

3.6.5 Level 3 Pitch Angle and Pressure (PAP) Processing Algorithms

The primary activity in processing the Level 3 data into Level 3 PAP data is to read the pitch angle data
(flux (intensity) and pitch angle&om the Level 3 filegor each set of measurements that occur within a
single spirand to binthe observed inteities during this spin as a function of thiéch angle data for

each energy channerlhe final step of the system is to utilize the pitch abii@ed datdo calculate a

variety of aggregate values for the data. The aggregate data includes the dofleld perpendicular

partial particle pressure, parallel partial particle pressure, particle density for the given energy channels,
the omnidirectional flux (intensity) observed for each energy channel, and finally the integrated particle
flux (intensiy). This processing is done in a series of algorithmic steps in which the level 3 RBSPICE
data is loaded for the targeted product, the Level 3 error data is recalculated based upon the pitch angle
binning weights, and the aggregate data is calculatedof & new data is then placed into a Level 3

PAP file for each species of each data product.

The binned pitch angles are binned for all da&d ts available for each spin. A separate product is

created for each species within any specific level 3 mtodle. the TOFXE_nonH Level 3 data is used to
create TOFXE_He and TOFXE_O data products. A pitch angle binning scheme is created for each
product based upon input parameters associated with each product. At this time, all products utilize the
same pitb angle binning scheme. This scheme creates seventeen (17) pitch angle bins. The first and last
bins are fifteen (15) degrees wide and all other bins are ten (10) degrees wide). The scheme is symmetric
and the center bin is centered on ninety (90) degmeg®ach subsequent bin both decreasing and
increasing (except for boundaries) are centered on ten (10) degree decrements. l.e. the pitch angle center
array for this schema can be expressed as:

{7.5, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 13Q,11=M 160, 172.5}.
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Binning of Pitch Angles and calculation of aggregate data
PAP data calculation uses the following algorithms in the order listed:
1) Verify that RBSPICE Level 3 data exists; otherwise do nothing.
2) Create a pitch angle binning scheme bagezhunput parameters, currently 10 degree bins with
15 degree ends.
3) For each spin record of the Level 3 intensity variable, do the following:

aoow

Create a binned intensity array and initialize all record$.to
Create a binned intensity weight array andaiiize all records to 0.
Create a binned count array and initialize all records to 0.
Create an array per energy channel to contain the maximum and minimum observed
binned intensities
For each record of the spin
i. If the pitch angle quality flag is bad gottee next record otherwise
ii. Get the pitch angle array which identifies the pitch angle of the observed particle
for each telescope
iii. For each telescope of the intensity variable (for the specified species)
1. Calculate the bin number for the pitch angle assatiatth this
telescope
2. If the value of the intensity bin position-ik then set the value of the bin
to the intensity
3. Otherwise add the intensity to the binned intensity array
4. Increment the weight number by one (1) for the intensity weight array
5. Get thePoisson statistics error array and recalculate the counts and add
to binned count array
6. If the current binned intensity is greater than the max then set the max to
the intensity
7. If the current binned intensity is greater than zero but smaller than the
min
then set the min to the binned intensity
Divide the binned intensity array by the weight number array
Calculate the weighted error for each bin based upon the recalculated binned counts
Copy the other variables needed for the spin data record such as data qualigydlags,
Calculate the migboint and stop time of the spin record
Calculate the aggregate values:
i. Perpendicular/Parallel Partial Particle Pressure:

3
P. =204 & V2mE* dE* j(E,a)* S'“Za *da
E a

P, =2p4 A Vv2mE* dE* j(E,a)*sina*cos a * da
E a

ii. Density:

i a I
¢ “ ’ z —z2°QF 12°Q
£ C Qoh o GOk |
iii. Omnkdirectional intensity per energy channel:
o B O zOEIZQ|
B OEIZ2Q]
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iv. Integrated Intensity: o
B B OO zQQGOE IZQ]|
B OEIZ Q|

k. Write the data record to the PAP data file

Level 3 PAP data fields and interpretations

Level 3 Pitch Angle and Pressure (PAP) data produet®nly created as CDF files and tlveytain the
following set of fields. Note that the source identifies if the field is a calculated field (as in an aggregate
or binned value), if it is copied from the Level 3 data source data, or if it an averaged value or otherwise
how the data is calculated.

Field Description Type Units Limits Algorithm

Epoch Time stamp of the midpoint of| CDF_TT2000 | Time Start+
the spin (Duration/2)

uTC UTC string representing the | String Time Start+
time stamp of the midpoint of (Duration/2)
the spin

DDOY Decimal Day of Year Double Days 1.0- Calculated

365.999

ET Ephemeris time stamp of the | Double Seconds Copied
beginning of the spin

MIdET Ephemeris time stamp of the | Double Seconds Start +
midpoint of the spin (Duration/2)

StopET Ephemeris time stamp of the | Double Seconds Start +
end of the spin Duration

Duration Duration of the spin Double Seconds Calculated

OrbitNumber Assigned orbit number that Integer NA 1-9999 Copied
includes start ET

Spin Spin number for the data reco| Integer NA 0-65535 Copied

FspDU Unidirectional Differential Double[nE,nP]| #/(mm"2*sr*MeV*s) | -1 = See algorithm
Flux units for species(sp) unsampled

0.0—Big

FspDU_Weight Weighting array used to Integer[nE,nP]| NA 0-17 See algorithm
normalize the binned flux

FspDU_PerpPressur| Perpendicular Partial Particle | Double nPa 0.0-100 See algorithm
Pressure for species

FspDU_ParaPressur| Parallel PartiaParticle Double nPa 0.0-100 See algorithm
Pressure for species

FspDU_Density Calculated particle density for| Double #/cm™3 0.0-100 See algorithm
specific energy channels

FspDU_lIntegralFlux | Integrated flux (intensity) for | Double #/(mm~2*sr*MeV*s) | 0.0- Big See algorithm
specific energy channels

FspDU_OmniFlux | Omnidirectional flux Double[nE] #/(mm~2*sr*MeV*s) | 0.0- Big See algorithm
(intensity) for each energy
channel

FspDU_MinimFlux | Observed minimum intensity | Double[nE] #(mm"2*sr*MeV*s) | 0.0— Big See algorithm
(excluding zero) for energy

FspDU_MaximFlux | Observed maximum intensity | Double[nE] #/(mm~2*sr*MeV*s) | 0.0- Big See algorithm
for each energy channel

FspDU_Error Poisson Statistical error of Integer[nE,nP]| NA 0-100 Seealgorithm
FspDU variable

FspDU_Energy Midpoint Energy of each Double MeV 0.0-10.0 | Copied
energy passhand
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FspDU_EnergyRange | Minimum/Maximum energies | Double MeV 0.0-10.0 | Copied
of each energy passband

FspDU_Quality Quality flag associated with Integer NA 0-10 See quality
FspDU variable above

Position Position of SC in GEO Real[3] Re -10.0 to Copied
reference frame 10.0

Position_SM Position of the SC in SM Real[3] Re -10.0 to
reference frame 10.0

Position_GSM Position of SC in GSM Real[3] Re -10.0 to SPICE
Coordinates 10.0

Position Quality PRBEM position quality flag, | Integer NA Otol Always 0
0=good, 1=bad

L L value calculated using a Real Re 1.0-10.0 | Calculated
dipole magnetic field

MLT Magnetic latitude of SC Real Hours 0-23.999 | ECT Data
calculated using Position_SM

L _Eq Geocentric distance ton Real Re 1.0to 10 ECT Data
point for FL threading vehicle
(i.e. |Pnin|)

L_Star Generalized Roedererdhell Real Re 1.0to 10 ECT Data
value (L_Simple)

| Integral invariant for average | Real ECT Data
pitch angle

PA_Midpoint Midpoint of each pitch angle | Real[nP] Degrees 0.0-180.0 | Binning
bin schema

PA_Range Pitch Angle range for each Real[2] Degrees 0.0-180.0 | Binning
pitch angle bin schema

Channel Indexing array for the number| Integer[nE] NA 0-59
of energy channels

Bin Indexing array for the number| Integer[nP] NA 0-17 Binning
of pitch angle bins schema

Axis Indexing array for the position| Integer[3] NA 0-2
axes

MinMaxRange Indexing array for the min/may Integef2] NA 0-1
energy/PA arrays

4  RBSPICE SOC DATA REPOSITORY DIRECTORY
STRUCTURE

The top level structure of the RBSPICE SOC Data Repository is reflected in the figures in the following
subsections. These figures show the overall structure of the directories and how theaamed. As
much agossible the structure attempts to represent the overall structure of the managemeinaof the
Allen Probesitself. This is done to facilitate ease of access to any particular piece of data.

4.1 VANALLEN PROBES MOC DATA DIRECTORY STRUCTURES

Figure 41 describes the high level look at the directory structures used to represent the MOC data that is
transferred to the RBSPICE SOC. The folder cail€aCTelemetryis theVan Allen Probe$/1OC Data
Products folder as downloaded directly frdm MOC. TheMOCTelemetryfolder contais subfolders
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for each spacecraft (A and B). Within each of those folddie specific data that the RBSPICE SOC
utilizes for data production and scientific analysis. The folders themsateésgical views maped to
the original source folders within tiielder structure.

RBSHCE->Data_Root>MOCTelemetryfolder as downloaded from the MOC:

\---RBSPICE
+---Data_Root
|  +-MOCTelemetry
| +-RBSPA
| +---data_products
| \---RBSPB
| +-data_products

Figure 4-1 RBSP MOC Data stored in the RBSPICE Data Repository

4.2 RBSP SPACECRAFT DATA ORGANIZATION

Figure 4-2 represents the rest of the directory organization thatiains the instrument specific data. The
secondary level is organizedbyo f t war e and data subdirectories call
Each of these subdirectories contains a production folder and a development folder. Contained within

each produddn and development folder are subfolders for each spacecraft (A and Bxzaeicraft

folder containg he i nstrument s’ data for that spacecraft.
Repository might not contain data from any instruments otharEMFISIS and RBSPICE, but the

directories will be maintained for completeness.
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\RBSPICE
\---Data_Root
\---Development
\---RBSP
\---RBSPA
+---ECT
+---EFW
+---EMFISIS
+---PSBR
\---RBSPICE
+---Data

+...RBSPB (see RBSPA)
\---Production
\---RBSP

\---RBSPA
+---ECT
+---EFW
+---EMFISIS
+---PSBR
\---RBSPICE

+---Data
+...RBSPB (see RBSPA)

Figure 4-2 RBSP Spacecraft Data Directory Structure

43 EMFSIS DATA ORGANIZATION

Figure 43 represents the extent of the EMFISIS data that is needed to be contained within the RBSPICE
Data Repository.

\---RBSP
+---RBSPA
| +--ECT
| +--EFW
| +--EMFISIS
| | \---Data

Figure 4-3 EMFISIS Directory Structure within the RBSPICE Data Repository
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4.4 RBSPICE DATA ORGANIZATION

In this structure, there will be multiple products contained within the RBSPICE Data directories;
however, this figure shows only a sample produciTAble 41shows the products that are to be

maintained and the directory names that will be used for &atthe 32 shows the various levels for each

of the data products that are to be produced. Each product directory will contain a list of the relevant data
for that product. This list of data includes the Mission Simulation, dtategration and Testing ta(IT),
Commissioning data, any relevant calibration data for the particular product, the telemetry received from
the MOC, the Level O data received from the MOC, the Leagtlata products produced, any internally
required data used in the generatioh@fel 4 data, the publishable Level 4 data, interim data needed in
production, and finally the database repository that contains the relevant data for that product.

Figure 44 represents the RBSPICE data organizational structure that will be contaihedtie

RBSPICE SOC Data Repository. Each spacediadttorywill contain its own respective datsot all

folders exist or are populatedthts time.

\---RBSP
+---RBSPA
| \---RBSPICE
| +--Data

| | ----Calibration

| | +-MSIM3

| | | +-ProdA

| | | | +Year_1

| | | | +Year_2

| | | |\--Year_3

| | +--Commissioning

| | +-Level_O (see MSIM3 for subdirectories)
| | +--Level 1 (see MSIM3 for subdirectories)

| | +---Level_2 (see MSIM3 for subdirectories)

| | +-Level_3 (see MSIM3 for subdirectories)

| | +-Level FPAP(see MSIM3 for subdirectories)

| | +--Level_4-models (see MSIMS3 for subdirectorie

| | +---Level_4release (see MSIM3 for subdirectorie

Figure 44 RBSPICE Data Directory Structure
Note: Product Mapping Directory follows in Section 4.5

4.5 PRoODUCT DIRECTORY NAMING
Table 41 shows thdist of data products, key variables, and the short directory names

Table4-1 Mapping of Product to Short Directory Name

Product Short Directory  Species Energy
Name Bins
lon Basic Rate IBR lon NA
Electron Basic Rate EBR Electron NA
Low Energy ResHigh Time Res, Electron Species Rat ESRLEHT Electron 14
High Energy Res, Low Time Res, Electron Species Ri ESRHELT Electron 64
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High Energy Res, Low Time Res, lon Species Rates ISRHELT lon 64
High Energy Res, Low Time Res, TOFxPH Proton Ra TOFXPHHHELT Protons 32
TOFXE Proton Rates TOFXEH Protons 14
TOFXE Non Proton Rates TOFXEnonH Heavy lons 28
Low Energy Res, High Time Res, TOFxPH Proton Ra TOFXPHHLEHT Proton 10
TOFXE lon Species Rates TOFxElon lon 64
Space Weather Rates SWR All NA
lon Species Basic Rates ISBR lon NA
Priority Events PriorityEvents NA NA
lon Energy Diagnostic Rates IEDR lon NA
lon Species Diagnostic Rates ISDR lon NA
Raw lon Species Events RISE lon NA
Raw Electron Energy Events REEE Electron NA
Raw lon Energyevents RIEE lons NA
Auxiliary Data Aux NA NA
Critical Housekeeping Data HSKP NA NA
Pitch Angles PA All NA

Table4-2 Mapping of Product to Short Directory Nariwe Level 3 PAP products note that the energy
bins can vary over the duration of the mission based upon the channel assignments in the flight software

Product Short Directory  Species Energy
Name Bins

Time of flight by energy Proton data TOFXEH Protons 14

Time of flight by energy Helium data TOFXEHe Helium 9

Time of flight by energy Oxygen data TOFXEO Oxygen 9

Time of flight by pulse heighroton data TOFXPHHHELT Protons 20

High Energy Low Time resolution

Time of flight by pulse height Oxygen data TOFXPHOHELT Oxygen 11

High Energy Low Time resolution

Time of flight by pulse height Proton data TOFXPHHLEHT Protons 7

Low Energy High Time resolution

Time of flight by pulse height Oxygen data TOFXPHOLEHT Oxygen 3

Low Energy High Time resolution

5 PRODUCTION FILENAME CONVENTION

The filename convention used by the RBSPICE SOC Data Production software is derived directly from
the recommended file naming convention suggested byaheAllen ProbeSOC Lead. The following

is a direct copy from the docme n t Filenamé @ovention for Radiation Belt Storm Probes

Common Data Format data files” written by R. Freidel and modified by R. Barnes. Tables that are
specific to the RBSPICE data files are presented following the basic naming conventidnatjmesf

Multiple file formatswillbepr oduced by the RBSPICE SOC; however,
format is in Common Data Format (CDF) as specified by the Space Physics Data Facility at Goddard

Space Flight Center and more specifically byPSTompliance requirements. Other formats will include

ASCII Comma Separated Value (CSV) flat file versions of the RBSPICE data.
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5.1 RBSP CDF FILENAMES

RBSP CDF files are comprised of a number of vari¢daigth alphanumeric fields, followed by a

filenamesuffix “ c¢df ” ) . Al | fndaré dblveated by a field spparatorecithracter, an
underscore (“_"). Fi el €s edadns ,b ed efl u rHi)ehhe destdattidavyi dae dd ais
between a field and a sdield is that a field is aequired element that must always be included in the

filename anda subfield is an optional element that may or may not be present. A filename parser can be

safely coded to extract all fields from a filename and can optionally further extraitisisas needed.

The filename is of the form:
<source>_ <type> <descriptor>_<date>_<version>.cdf

Field Description Example

<source> Data source identifier, comprised of sfidlds for mission | “ r baemg t " ,-b- “
(“rbsp”), spacecraft (“a’emfisia™,
instrument sitie.

<type> Data type, comprised of stields for a short mnemonic |“ pr e 0,0 1*"f n

data type identifier.

<descriptor> | A short descriptor of the data included in the file. ““maLg2” , “-r |
L3” ,-ap003p 3"~
<date> Start date of the file in Universal Coordinated Time (UT|“ 20120201"
Dates can either be in th*®201208301
“yyyymmddhhMMss” .
<version> Version number consR8§tiwg“v1l. 1. 1",

X is the major (interface)umber, Y is the minor (quality | v2.2.21 0 0 "
number), Z is the revision number and R is an optional
release number

<ext> Filename suffixdenticating Common Data Format or “ . cdrf " . cs
compressed @mmaSeparated/alue file using GZIP

Notes:

<source>

The source specifies the mission, the spacecraft
(e.g., rbspice).

<type>

The data type identifier is used to specify the providence of the data, for example: prgladataa
(“pre”), final data (“fnl ”). I nstrument teams ar e
modes or products.

<descriptor>

The descriptor field is a short, human readable description of the data product. It should include the
instrument and the data product level. Finer levels of description down to measurement type and even
APID may be used if deemed appropriate.

<date>
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The date is specified in Universal Coordinated Time (UTC). The length of the date field defines both the
foomat of the date and t he Ilywymqndtih roefp rtelsee nfti Ife .l eBa tteh
one UTC day of dat gyyymmddhhMMSs swvp @ chi ft iheeatl iommmgerepgr eser
one orbit of data.

Yyyy Year

Mm Month

Dd Day

Hh Hour

MM Minute

Ss Second
<version>

The version number uses a variant of the industry standard version scheme for software of the form
“ X.Y.Z

1 Xis the interface number. Increments in this number represent that a significant change to the
processing software or to the contents of the file has been made. These changes would require
code changew® software readers and posgibhanges to processing algorithms. The ulseulsl
consult the appropriate medata for or changegs.

9 Y is the quality number. This number represents a change in the quality of the data in the file,
such as change in calibration or increase in fidelity. Changes should not impact softwarg, but ma
require consideration when processing data.

9 Zis the bug fix/revision number. This number changes to indicate minor changes to the
contents of the file due to reprocessing of missing.data

9 Ris the optional release number. This number can be used t@gp a collection of data
products which may have different version numb
method of data processing, a file may or may not have a release number. If the release number is
omitted, it is assumed to be zero, so thattédaan later decides to use release numbers, this
change in procedure will not cause a subsequent problem in identifying release numbers. The
release number is a monotonically increasing integer that is used to capture a set of data products
at a point inthe mission defined by the instrument team. Individual data products may have
different version numbers, representing different versions of analysis software and calibration, yet
have a common release number.

Time Conversion and splitting data files:

The filenames for Level 0 PTP files use the mission elapsed day within the filename. The files are
generated to match the UTC day as closely as possible; however, there will be some discrepancies. In
generating higher level data products, the actual Uiddld be found from the contents of the CCSDS
telemetry packets and should be used to generate the correct filename for that packet.

Parsing Filenames:
Filenames can be parsed by first breaking the filename down into the various fields, and then decoding
them. As all fields are required, the extraction of fields is a trivial case of string tokenization. In C this
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can be done using the “strtok” function, i n | DL

pattern expansion operators.

Filename Ordering:

Release numbers, version, and-sabsion numbers do not have leading zeros; therefore, a simple

al phanumeric sort wildl not necessarily return
wi || precede “ V. Taatoldthis problem filemames shoald He sosted byrmparsing the
filename.This can be accomplished under UNIX in the form of shell scripts using a combination of the
“find” command and the “sort” command:

find..name “r bspt.-&KABKCDn sort

Compression:

For efficiency, RBSP CDF files will use the btiitt compression capability of the CDF file format. It is
strongly suggested that time variables are NOT compressed to allow for quick time based searching of
data.CSV files are compresseding GZIP.

5.2 RBSPICE SPecIFiC FILE NAME CONVENTIONS
The following table lists those filename convention specifics as applied to the RBSPICE data.

Table5-5-1 RBSPICE Specific File Name conventions

Item RBSPICE Valug(s)
<source> rbspa-rbspice
rbspb-rbspice
<type> Derived from the RBSPICE Product Directory

cal = calibration

com = commissioning

it = integration and test

lev-0 = level O

lev-1 = level 1

lev-2 = level 2

lev-3 = level 3

lev-3-pap = Level 3 Pitch Agle and Pressure data files
lev-4 = level 4 for release
lev-4-m = level 4 not for release
ms-3 = mission sim 3

ms-4 = mission sim 4

tel = telemetry

<descriptor> See directory short namesTable
<date> yyyymmdd (file boundaries occur at day boundaries)
<version> VX.Y.Z-rr

X = Data Format Version

Y = Software Production Version

Z = Data Revision Number

rr = Data Release Number

<ext> .cdf = Common Data Format

.csvgz= Comma Separated Valusompressed using GZIP
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A sample filename isbsp-b-rbspice_lev-1_ TOFXPHHHELT_20130512_v1.0.0-00.cdf which

represents level 1 data produced for the time of flight by pulse height prototakatesit high energy
resolution and low time resolution on May 12, 20A8.data is processed and reprocessed the file version
numbers will increment appropriately.

5.3 RBSPICE DATA RELEASE PLANS

5.3.1 Publicly Accessible RBSPICE Data

The RBSPICE dates releasedttrough the RBSPICE data web sites. There is a specific web site for each
spacecraft instrument, i.e. RBSPICEA and RBSPICEB locat&®B3PICEA.FTECS.com and
RBSPICEB.FTECS.com.

No security precautions are applied to thblly released datat is accessible from generally any web
browser as a file listed directory. At the time of writing, the public access data will start at Level 1 data
files and will include all data through LevePAP. Some Level 4 data and models will be provided as
the RBSPICHeam decides to release such data/models for public use.

Level 0 data derived from the original payload telemetry packets will not be released to the general
public.

5.3.2 Release of data to NSSDC archive

The National Space Science Data Center (NSS8s2Yed at Goddard Spaceflight Center (GSFC) will
have access to the RBSPICE datatighpassword protected websites. The NSSDC published web sites
are currently planned at:

RBSPICEA.FTECS.com/NSSDC and RBSPICEB.FTECS.com/NSSDC and will provide actess to
Level 0 data files as well as all publicly accessible data files.

5.3.3 Web Services Access

A web services interface is currently planned to be built for access to the RBSPICE data files accessible

to the general public. At the time of this writing, the vgebvices interface is in concept and has not fully

been designed. As time becomes available after primary development activities and mission simulations,
the design of the web services interface will begin with full release documentation to be inedrjcat

this document. It is conceivable that password protected access to other areas of the data files will become
available thru this interface so that organizations such as the NSSDC can have more programmatic access
to the RBSPICE data thru the intaré.

6 RBSPICE DATA PRODUCT FIELD DESCRIPTIONS

The following tables provide file field descriptions for each RBSPICE Level 1 and Level 2 data product,
in both CDF and CSV formats:
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RBSPICE LEVEL 1 PRODUCT FIELD DESCRIPTIONS

Table 6.1-1 EBR L1 Product Field Descriptions

EBR_L1

Product Specification

Product Type

EBR

Product Description

RBSPICE Electron Basic Rates

NASA Data Level

1

File Specification

File RegEx rbsp-$scl$-rbspice_lev-1_EBR_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
Csv CDF
Name (CSV) Array|Name (CDF) Array|Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable |2010-01-01T00:00:00}2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the
UTC UTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double [315576066.183925 |[788961666.183928 [seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MIidET MidET Double [315576066.183925 |[788961666.183928 [Seconds midpoint of the measurement
J2000 epoch based ephemeris time at theg
StopET StopET Double [315576066.183925 |[788961666.183928 [Seconds end of the measurement
Real variable representing the number of
seconds that of the accumulation
Duration Duration Double (0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation
Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Uint32 |0 255 None occur across multiple sectors)
The energy bin pixel (small or large)
corresponds to a geometric factor used in|
the formula for converting rates into
LargePixel LargePixel Bool false true None particle intensities
EBR_T 6 EBR 6 Double |0 6000000.0 EarthRadii
EBR T Error 6 EBR_Error 6 Double [0 100.0 None

* Null value: for CSV file = blank field; for CDF filexzl4r**

Revisiond

Page4l of 73

April 12, 2017


http://rbspice.ftecs.com/Data.html

Fundamental Technologies, LLC ,
New Jersey Institute of Technology, and Johns Hopkins Applied Physics Laboratory

RBSPICE Data

Handbook http://rbspice.ftecs.com/Data.html

Table 6.1-2 ESR_HELT L1 Product Field Descriptions

ESR_HELT L1

Product Specification

Product Type ESRHELT
Product Description RBSPICE High Energy Res Low Time Res Electron Rates
NASA Data Level 1
File Specification
File RegEx rbsp-$scl$-rbspice_lev-1 ESRHELT _YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
csv CDF
Array Array
Name (CSV) Size [Name (CDF) Size [Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00{2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the
UTC uTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double [|315576066.183925 [788961666.183928 [Seconds beginning of the measurement
J2000 epoch based ephemeris time at thq
MIidET MIidET Double |315576066.183925 [788961666.183928 [Seconds midpoint of the measurement
J2000 epoch based ephemeris time at thq
StopET StopET Double |315576066.183925 [788961666.183928 [Seconds end of the measurement
Real variable representing the number off
seconds that of the accumulation
Duration Duration Double |0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Ulnt32 |0 65535 None the accumulation
Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Ulnt32 |0 255 None occur across multiple sectors)
The energy bin pixel (small or large)
corresponds to a geometric factor used in|
the formula for converting rates into
LargePixel LargePixel Bool false TRUE None particle intensities
The rate for electrons observed during thg
TO R 64 |TO_Rates 6, 64 [Double [0 6000000.0 CPS accumulation, in units of counts per seco
The rate for electrons observed during thg
T1 R 64 |T1_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for electrons observed during thq
T2 R 64 T2_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for electrons observed during thq
T3 R 64 T3 _Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for electrons observed during thq
T4 R 64 T4 _Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for electrons observed during thg
T5 R 64 T5 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
TO_R_Error 64 TO_Rate_Errors 6, 64 |[Double [0 6000000.0 None The statistical percent error of the countin
T1 R_Error 64 |T1l_Rate_Errors Double [0 6000000.0 None The statistical percent error of the countin
T2 _R_Error 64 T2_Rate_Errors Double [0 6000000.0 None The statistical percent error of the countin
T3 _R_Error 64 |T3_Rate_Errors Double [0 6000000.0 None The statistical percent error of the countin
T4 R_Error 64 T4 _Rate_Errors Double [0 6000000.0 None The statistical percent error of the countin
T5_R_Error 64 |T5_Rate_Errors Double [0 6000000.0 None The statistical percent error of the countin

* Null value: for CSV file = blank field; for CDF filexc1a®"

Table 6.1-3 ESR_LEHT _L1 Product Field Descriptions
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Data

ESR_LEHT L1

Product Specification

Product Type

ESRLEHT

Product Description

RBSPICE Low Energy Res High Time Res Electron Rates

NASA Data Level

1

File Specification

File RegEx rbsp-$scl$-rbspice_lev-1 ESRLEHT_YYYYMMDD_X.y.z-r.cSV.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
CsVv CDF
Array Array
Name (CSV) Size |Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable |2010-01-01T00:00:00}2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the
UTC UTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double |315576066.183925 |788961666.183928 |Seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MIdET MIdET Double |315576066.183925 |[788961666.183928 [Seconds midpoint of the measurement
J2000 epoch based ephemeris time at the
StopET StopET Double |315576066.183925 |788961666.183928 |Seconds end of the measurement
Real variable representing the number of]
seconds that of the accumulation
Duration Duration Double [0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation
Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Uint32 |0 255 None occur across multiple sectors)
The energy bin pixel (small or large)
corresponds to a geometric factor used in
the formula for converting rates into
LargePixel LargePixel Bool false TRUE None particle intensities
The rate for electrons observed during the
TO_R 14 |[TO_Rates 6, 14|Double [0 6000000.0 GRS accumulation, in units of counts per seco
The rate for electrons observed during the
T1 R 14 [T1 _Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for electrons observed during the
T2_R 14 [T2_Rates Double |0 6000000.0 CRS accumulation, in units of counts per seco
The rate for electrons observed during the
T3 R 14 |T3_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for electrons observed during the
T4 R 14 |[T4 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for electrons observed during the
T5_R 14 |[T5_Rates Double |0 6000000.0 GBS accumulation, in units of counts per seco
TO_R_Error 14 |TO_Rate_Errors 6, 14 |Double |0 6000000.0 None The statistical percent error of the countin
T1_R_Error 14 [T1_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin|
T2_R_Error 14 |T2_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T3_R_Error 14 |T3_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T4_R_Error 14 |T4_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T5_R_Error 14 |T5_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin

* Null value: for CSV file = blank field; for CDF filex1a®
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Table 6.1-4 IBR_L1 Product Field Descriptions

IBR_L1

Product Specification

Product Type

IBR

Product Description

RBSPICE lon Basic Rates

NASA Data Level

1

File Specification

File RegEx rbsp-$scl$-rbspice_lev-1_ IBR_YYYYMMDD_x.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
Csv CDF
Array Array
Name (CSV) Size |Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00{2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the
UTC UTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double |315576066.183925 |788961666.183928 |Seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MIdET MIidET Double [315576066.183925 |788961666.183928 |Seconds midpoint of the measurement
J2000 epoch based ephemeris time at the
StopET StopET Double |315576066.183925 |788961666.183928 |[Seconds end of the measurement
Real variable representing the number of
seconds that of the accumulation
Duration Duration Double ]0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation
Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Ulnt32 [0 255 None occur across multiple sectors)
The energy bin pixel (small or large)
corresponds to a geometric factor used in|
the formula for converting rates into
LargePixel LargePixel Bool false true None particle intensities
IBR_T 6 IBR 6 Double [0 6000000.0 CPS
IBR_T_Error 6 IBR_Error 6 Double [0 100.0 None

* Null value: for CSV file = blank field; for CDF filexcla™
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Table 6.1-5 ISBR L1 Product Field Descriptions

ISBR_L1

Product Specification

Product Type

ISBR

Product Description

RBSPICE lon Species Basic Rates

NASA Data Level

1

File Specification

File RegEx rbsp-$scl$-rbspice_lev-1 ISBR_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
Csv CDF
Array Array
Name (CSV) Size |Name (CDF) Size |Type inclusive_min * inclusive_max* Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00{2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the
UTC UTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double |315576066.183925 |788961666.183928 |Seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MIdET MIidET Double [315576066.183925 |788961666.183928 |Seconds midpoint of the measurement
J2000 epoch based ephemeris time at the
StopET StopET Double |315576066.183925 |788961666.183928 |[Seconds end of the measurement
Real variable representing the number of
seconds that of the accumulation
Duration Duration Double ]0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation
Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Ulnt32 [0 255 None occur across multiple sectors)
The energy bin pixel (small or large)
corresponds to a geometric factor used in|
the formula for converting rates into
LargePixel LargePixel Bool false true None particle intensities
ISR_T 6 ISR 6 Double [0 6000000.0 CPS
ISR_T_Error 6 ISR_Error 6 Double [0 100.0 None

* Null value: for CSV file = blank field; for CDF filexcla™
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Table 6.1-6 ISR HELT L1 Product Field Descriptions

ISR HELT L1
Product Specification
Product Type ISRHELT
Product Description RBSPICE High Energy Res Low Time Res lon Energy Rates
NASA Data Level 1
File Specification
File RegEx rbsp-$scl$-rbspice_lev-1 ISRHELT_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
Csv CDF
Array Array
Name (CSV) Size [Name (CDF) Size |Type inclusive_min* inclusive_max* Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00{2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the
UTC UTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double [315576066.183925 [788961666.183928 [Seconds beginning of the measurement
J2000 epoch based ephemeris time at thg
MIidET MIdET Double [315576066.183925 [788961666.183928 [Seconds midpoint of the measurement
J2000 epoch based ephemeris time at thg
StopET StopET Double [315576066.183925 [788961666.183928 [Seconds end of the measurement
Real variable representing the number of|
seconds that of the accumulation
Duration Duration Double [0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation
Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Uint32 |0 255 None occur across multiple sectors)
The energy bin pixel (small or large)
corresponds to a geometric factor used in
the formula for converting rates into
LargePixel LargePixel Bool false true None particle intensities
The rate for ions observed during the
TO_R 64 |TO_Rates 6, 64 |Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate forions observed during the
T1 R 64 |T1_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for ions observed during the
T2 R 64 |T2 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for ions observed during the
T3 R 64 |T3 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate forions observed during the
T4 R 64 |T4 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate forions observed during the
T5 R 64 |T5 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
TO R _Error 64 |TO Rate Errors 6, 64 |Double |0 6000000.0 None The statistical percent error of the countin
T1 R _Error 64 |[T1 Rate Errors Double |0 6000000.0 None The statistical percent error of the countin
T2 R _Error 64 |[T2 Rate Errors Double |0 6000000.0 None The statistical percent error of the countin
T3 R_Error 64 |T3 _Rate Errors Double |0 6000000.0 None The statistical percent error of the countin
T4 R _Error 64 |T4 Rate Errors Double |0 6000000.0 None The statistical percent error of the countin
T5 R _Error 64 |T5 Rate Errors Double |0 6000000.0 None The statistical percent error of the countin

* Null value: for CSV file = blank field; for CDF filex=1a>
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Table 6.1-7 TOFXE H L1 Product Field Descriptions

TOFXE H L1

Product Specification

Product Type TOFXEH
Product Description RBSPICE High Energy Res Low time Res TOFXE Proton Rates
NASA Data Level 1
File Specification
File RegEx rbsp-$scl$-rbspice_lev-1_TOFXEH_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
CsVv CDF
Array Array
Name (CSV) Size [Name (CDF) Size [Type inclusive_min* inclusive_max* Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable |2010-01-01T00:00:00{2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the
uTC uTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double |315576066.183925 |788961666.183928 |Seconds beginning of the measurement
J2000 epoch based ephemeris time at thg
MIidET MIdET Double |[315576066.183925 [788961666.183928 [Seconds midpoint of the measurement
J2000 epoch based ephemeris time at the
StopET StopET Double |[315576066.183925 [788961666.183928 [Seconds end of the measurement
Real variable representing the number of
seconds that of the accumulation
Duration Duration Double 0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation
Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Uint32 [0 255 None occur across multiple sectors)
The energy bin pixel (small or large)
corresponds to a geometric factor used in
the formula for converting rates into
LargePixel LargePixel Bool false true None particle intensities
The rate for protons observed during the
TO R 14 |TO _Rates 6, 14 [Double [0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T1 R 14 |T1 Rates Double [0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T2_R 14 |T2_Rates Double [0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T3 R 14 |T3 Rates Double [0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T4 R 14 |T4 Rates Double [0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T5 R 14 |T5 Rates Double [0 6000000.0 CPS accumulation, in units of counts per seco
TO_R_Error 14 |TO_Rate_Errors 6, 14|Double [0 6000000.0 None The statistical percent error of the countin
T1 R _Error 14 |T1 Rate Errors Double [0 6000000.0 None The statistical percent error of the countin
T2_R_Error 14 |T2_Rate Errors Double [0 6000000.0 None The statistical percent error of the countiny
T3 R_Error 14 |T3_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T4 R_Error 14 |T4 Rate Errors Double [0 6000000.0 None The statistical percent error of the countin
T5 _R_Error 14 |T5 Rate Errors Double [0 6000000.0 None The statistical percent error of the countiny

* Null value: for CSV file = blank field; for CDF filexc1a®
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Table 6.1-8 TOFXE lon_L1 Product Field Descriptions

TOFXE_lon_L1

Product Specification

Product Type TOFXElon

Product Description RBSPICE High Energy Res Low Time Res TOFXE lon Rates
NASA Data Level 1

File Specification

File RegEx rbsp-$scl$-rbspice_lev-1_TOFxElon_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday

File Type CSV, CDF

File Compression GZIP

Field Information

Csv CDF
Array Array
Name (CSV) Size [Name (CDF) Size [Type inclusive_min* inclusive_max* Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00}2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the
uTC uTC String seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double |315576066.183925 |788961666.183928 |seconds beginning of the measurement
J2000 epoch based ephemeris time at thd
MIidET MIidET Double |315576066.183925 |788961666.183928 |Seconds midpoint of the measurement
J2000 epoch based ephemeris time at thd
StopET StopET Double [315576066.183925 |788961666.183928 |Seconds end of the measurement
Real variable representing the number of]
seconds that of the accumulation
Duration Duration Double [0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin uint32 |0 65535 None the accumulation

Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Uint32 |0 255 None occur across multiple sectors)

The energy bin pixel (small or large)
corresponds to a geometric factor used in
the formula for converting rates into
LargePixel LargePixel Bool false true None particle intensities

The rate forions observed during the
TO_R 64 |TO_Rates 6, 64 |Double [0 6000000.0 CPS accumulation, in units of counts per seco

The rate forions observed during the
T1 R 64 |T1_Rates Double [0 6000000.0 CPS accumulation, in units of counts per seco

The rate forions observed during the
T2_R 64 T2_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco

The rate forions observed during the
T3 R 64 T3_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco

The rate forions observed during the
T4 R 64 |T4_Rates Double [0 6000000.0 CPS accumulation, in units of counts per seco

The rate forions observed during the

T5 R 64 T5_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
TO _R_Error 64 TO Rate_ Errors 6, 64 |[Double |0 6000000.0 None The statistical percent error of the countin
T1 R_Error 64 [T1 Rate_ Errors Double |0 6000000.0 None The statistical percent error of the countin
T2_R_Error 64 [T2_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T3_R_Error 64 T3_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T4 R_Error 64 T4 Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T5_R_Error 64 [T5 Rate_ Errors Double |0 6000000.0 None The statistical percent error of the countin

* Null value: for CSV file = blank field; for CDF filex1a>*
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Table 6.1-9 TOFXE nonH L1 Product Field Descriptions

TOFXE_nonH L1

Product Specification

Product Type TOFXEnonH
Product Description RBSPICE High Energy Res Low Time Res TOFXE non Proton Rates
NASA Data Level 1
File Specification
File RegEx rbsp-$scl$-rbspice_lev-1_ TOFXEnonH_YYYYMMDD_X.y.z-r.cSv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
CsVv CDF
Array Array
Name (CSV) Size |Name (CDF) Size [Type inclusive_min* inclusive_max* Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable |2010-01-01T00:00:00}2024-12-31T23:59:59{Milliseconds accumulation
UTC time stamp as a string for the
UTC UTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double |315576066.183925 |788961666.183928 |Seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MIdET MIidET Double |315576066.183925 |788961666.183928 |Seconds midpoint of the measurement
J2000 epoch based ephemeris time at the
StopET StopET Double |315576066.183925 |788961666.183928 [Seconds end of the measurement
Real variable representing the number of
seconds that of the accumulation
Duration Duration Double |[0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation
Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Uint32 |0 255 None occur across multiple sectors)
The energy bin pixel (small or large)
corresponds to a geometric factor used in
the formula for converting rates into
LargePixel LargePixel Bool false true None particle intensities
The rate for non-protons observed during
the accumulation, in units of counts per
TO R 20 |TO Rates 6, 20|Double |0 6000000.0 CPS second
The rate for non-protons observed during
the accumulation, in units of counts per
Tl R 20 |T1 Rates Double |0 6000000.0 CPS second
The rate for non-protons observed during
the accumulation, in units of counts per
T2 R 20 |T2 Rates Double |0 6000000.0 CPS second
The rate for non-protons observed during
the accumulation, in units of counts per
T3_R 20 |T3 Rates Double |0 6000000.0 CPS second
The rate for non-protons observed during
the accumulation, in units of counts per
T4 R 20 |T4 Rates Double |0 6000000.0 CPS second
The rate for non-protons observed during
the accumulation, in units of counts per
T5 R 20 |T5 Rates Double |0 6000000.0 CPS second
TO_R_Error 20 |TO_Rate_Errors 6, 20 |Double |0 6000000.0 None The statistical percent error of the countin
T1 R _Error 20 |T1_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T2_R_Error 20 |T2_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T3 _R_Error 20 |T3_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T4 _R_Error 20 |T4 Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T5_R_Error 20 |T5_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin

* Null value: for CSV file = blank field; for CDF filex1a*
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Table 6.1-10 TOFXPH H HELT L1 Product Field Descriptions

TOFxPH H HELT L1

Product Specification

Product Type TOFXPHHHELT

Product Description |RBSPICE High Energy Res Low Time Res TOFxPH Proton Rates
NASA Data Level 1

File Specification

File RegEx rbsp-$scl$-rbspice_lev-1 TOFXPHHHELT_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday

File Type CSV, CDF

File Compression GZIP

Field Information

Csv CDF
Array Array
Name (CSV) Size |Name (CDF) Size |Type inclusive_min* inclusive_max* Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00}@2024-12-31T23:59:59{Milliseconds accumulation
UTC time stamp as a string for the
UTC UTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double |315576066.183925 |788961666.183928 |[Seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MidET MIidET Double |315576066.183925 |788961666.183928 |Seconds midpoint of the measurement
J2000 epoch based ephemeris time at the
StopET StopET Double |315576066.183925 |788961666.183928 |[Seconds end of the measurement
Real variable representing the number of
seconds that of the accumulation
Duration Duration Double ]0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation

Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Uint32 |0 255 None occur across multiple sectors)

The energy bin pixel (small or large)
corresponds to a geometric factor used in|
the formula for converting rates into

LargePixel LargePixel Bool false true None particle intensities
The rate for protons observed during the
TO_R 32 |TO_Rates 6, 32|Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T1 R 32 |T1 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T2_R 32 |T2_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T3 R 32 |T3 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T4 R 32 |T4 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T5_ R 32 |T5_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
TO R _Error 32 |TO _Rate Errors 6, 32|Double [0 6000000.0 None The statistical percent error of the countin
T1 R_Error 32 |T1 _Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T2_R_Error 32 |T2_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin
T3_R_Error 32 |T3 _Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin|
T4 R _Error 32 |T4 Rate Errors Double |0 6000000.0 None The statistical percent error of the countin
T5_R_Error 32 |T5_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin

* Null value: for CSV file = blank field; for CDF filexzlar*
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Table 6.1-11 TOFXPH H LEHT L1 Product Field Descriptions

TOFXPH_H_LEHT L1

Product Specification

Product Type TOFXPHHLEHT

Product Description  |RBSPICE Low Energy Res High Time Res TOFxPH Proton Rates
NASA Data Level 1

File Specification

File RegEx rbsp-$scl$-rbspice_lev-1 TOFXPHHLEHT_YYYYMMDD _X.y.z-r.cSv.gz
File Length 1 utcday

File Type CSV, CDF

File Compression GZIP

Field Information

Csv CDF
Array Array
Name (CSV) Size |Name (CDF) Size |Type inclusive_min* inclusive_max* Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00{@024-12-31T23:59:59{Milliseconds accumulation
UTC time stamp as a string for the
UTC UTC String Seconds beginning of the measurement
Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement
Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement
J2000 epoch based ephemeris time for th
ET ET Double |315576066.183925 |788961666.183928 |Seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MIdET MIidET Double |315576066.183925 |788961666.183928 |Seconds midpoint of the measurement
J2000 epoch based ephemeris time at the
StopET StopET Double |315576066.183925 |788961666.183928 |Seconds end of the measurement
Real variable representing the number of]
seconds that of the accumulation
Duration Duration Double [0.0 999999.999 Seconds subtracting out any instrument dead time
Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation

Integer sector number for the beginning o
the accumulation (Each spin is divided in
36 sectors although accumulation does
Sector Sector Uint32 |0 255 None occur across multiple sectors)

The energy bin pixel (small or large)
corresponds to a geometric factor used in
the formula for converting rates into

LargePixel LargePixel Bool false true None particle intensities
The rate for protons observed during the
TO R 10 [TO Rates 6, 10 |Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T1 R 10 |T1_Rates Double [0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T2 R 10 [T2 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T3 R 10 [T3_Rates Double [0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T4 R 10 [T4 Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
The rate for protons observed during the
T5 R 10 [T5_Rates Double |0 6000000.0 CPS accumulation, in units of counts per seco
TO_R_Error 10 |[TO Rate_Errors 6, 10 |Double [0 6000000.0 None The statistical percent error of the countin|
T1 R Error 10 |[T1 Rate Errors Double [0 6000000.0 None The statistical percent error of the countin|
T2_R_Error 10 |[T2_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin|
T3 _R_Error 10 |[T3_Rate_Errors Double |0 6000000.0 None The statistical percent error of the countin|
T4 _R_Error 10 |[T4 _Rate_Errors Double [0 6000000.0 None The statistical percent error of the countin|
T5 R _Error 10 |[T5 Rate Errors Double [0 6000000.0 None The statistical percent error of the countin

* Null value: for CSV file = blank field; for CDF filexza>
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6.2 RBSPICE LEVEL 2 PRoDUCT FIELD DESCRIPTIONS

Table 6.2-1 ESR_ HELT L2 Product Field Descriptions

ESR_HELT_L2

Product Specification

Product Type ESRHELT
Product Description RBSPICE High Energy Res Low Time Res Electron Rates
NASA Data Level 2
File Specification
File RegEx rbsp-$scl$-rbspice_lev-2_ ESRHELT_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
Csv CDF
Array Array
Name (CSV) Size [Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable |2010-01-01T00:00:00{2024-12-31T23:59:59|Milliseconds accumulation

UTC time stamp as a string for the beginnin
uTC uTC String Seconds the measurement

Spacecraft Clock as a string for the beginnin
SCLOCK_FULL SCLOCK_FULL String Ticks of the measurement

Orbit number as an integer for the beginning
OrbitNumber OrbitNumber Int32 -1 5000 None of the measurement

J2000 epoch based ephemeris time for the
ET ET Double [315576066.183925 |788961666.183928 |Seconds beginning of the measurement

J2000 epoch based ephemeris time at the
MIidET MIidET Double |315576066.183925 |788961666.183928 [Seconds midpoint of the measurement

J2000 epoch based ephemeris time at the e
StopET StopET Double [315576066.183925 |788961666.183928 |Seconds of the measurement

Real variable representing the number of

seconds that of the accumulation subtractin
Duration Duration Double [0.0 999999.999 Seconds out any instrument dead time

Integer spin number for the beginning of the
Spin Spin Uint32 [0 65535 None accumulation

Integer sector number for the beginning of th

accumulation (Each spin is divided into 36

sectors although accumulation does occur
Sector Sector Uint32 [0 255 None across multiple sectors)

the midpoint of the accumulation in Earth
L L Real 0.0 10.0 EarthRadii Radii

the spacecraft at the midpoint of the
SM 3 Position_SM Real -10.0 10.0 EarthRadii accumulation

The differential electron flux (intensity)
FEDUO 64 |FEDU 6, 64 [Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\|observed during the accumulation

The differential electron flux (intensity)
FEDU1 64 Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\|observed during the accumulation

The differential electron flux (intensity)
FEDU2 64 Double [-1 6000000.0 Counts/(sec*cm”2*sr*Me\|observed during the accumulation

The differential electron flux (intensity)
FEDU3 64 Double [-1 6000000.0 Counts/(sec*cm”~2*sr*Me\Jobserved during the accumulation

The differential electron flux (intensity)
FEDU4 64 Double [-1 6000000.0 Counts/(sec*cm”~2*sr*Me\Jobserved during the accumulation

The differential electron flux (intensity)
FEDU5 64 Double [-1 6000000.0 Counts/(sec*cm”~2*sr*Me\Jobserved during the accumulation
FEDUO_Error 64 |FEDU_Error 6, 64 |Double |0 100.0 None The statistical percent error of the counting
FEDU1_Error 64 Double [0 100.0 None The statistical percent error of the counting
FEDU2_Error 64 Double |0 100.0 None The statistical percent error of the counting
FEDU3_Error 64 Double [0 100.0 None The statistical percent error of the counting
FEDU4_Error 64 Double |0 100.0 None The statistical percent error of the counting
FEDUS_Error 64 Double |0 100.0 None The statistical percent error of the counting
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RBSPICE Data

Table 6.2-1 ESR HELT L2 Product Field Descriptions (cont.)

Field Information

Csv CDF
Array Array

Name (CSV) Size [Name (CDF) Size |Type  |inclusive_min * inclusive_max * Units Description

Currently this variable is empty awaiting cro
FEDUO_CrossCalib_RM&E |FEDU_CrossCalib_RM8E64|Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FEDU1_CrossCalib_RM$E& Double [0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FEDU2_CrossCalib_RM$&E Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FEDU3_CrossCalib_RM$E& Double [0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FEDU4_CrossCalib_RM$& Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FEDU5_CrossCalib_RM$E Double |0.0 3000000.0 None calibration model science to be finished
FEDUO_En 64 |FEDU_Energy 6, 64 |Double |-1 15000.0 keV The midpoint energy of each energy channe
FEDU1_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FEDU2_En 64 Double [-1 15000.0 keV The midpoint energy of each energy channe
FEDU3_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FEDU4_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FEDUS5_En 64 Double [-1 15000.0 keV The midpoint energy of each energy channe

The low and high energy values of the ener
FEDUO_EnRange 64 |FEDU_EnergyRange |6, 64(Double [-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FEDU1_EnRange 64 Double [-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FEDU2_EnRange 64 Double [-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FEDU3_EnRange 64 Double [-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FEDU4_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FEDU5_EnRange 64 Double |[-1 15000.0 keV channel (not the deltas)

The electron data quality flag currently set td

10 (unknown) until the data sets are fully
FEDUO_Quality 64 |FEDU_Quality 6, 64 (Int16 0 10 None vetted

The electron data quality flag currently set td

10 (unknown) until the data sets are fully
FEDU1_Quality 64 Int16 0 10 None vetted

The electron data quality flag currently set tg

10 (unknown) until the data sets are fully
FEDU2_Quality 64 Int16 0 10 None vetted

The electron data quality flag currently set tg

10 (unknown) until the data sets are fully
FEDU3_Quality 64 Int16 0 10 None vetted

The electron data quality flag currently set tq

10 (unknown) until the data sets are fully
FEDU4 Quality 64 Intl6 [0 10 None vetted

The electron data quality flag currently set td

10 (unknown) until the data sets are fully
FEDUS5_Quality 64 Int16 0 10 None vetted

* Null value: for CSV file = blank field; for CDF filex1a®
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Table 6.2-2 ESR_LEHT L2 Product Field Descriptions

ESR_LEHT L2

Product Specification
Product Type

ESRLEHT

Product Description

RBSPICE Low Energy Res High Time Res Electron Rates

NASA Data Level

2

File Specification

File RegEx rbsp-$scl$-rbspice_lev-2_ ESRLEHT_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
Csv CDF
Array Array
Name (CSV) Size |Name (CDF) Size [Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable |2010-01-01T00:00:00{@2024-12-31T23:59:59|Milliseconds accumulation

UTC time stamp as a string for the
UTC UTC String Seconds beginning of the measurement

Spacecraft Clock as a string for the
SCLOCK_FULL SCLOCK_FULL String Ticks beginning of the measurement

Orbit number as an integer for the
OrbitNumber OrbitNumber Int32 -1 5000 None beginning of the measurement

J2000 epoch based ephemeris time for th
ET ET Double [315576066.183925 |788961666.183928 |Seconds beginning of the measurement

J2000 epoch based ephemeris time at thg
MIdET MIdET Double [315576066.183925 |788961666.183928 |Seconds midpoint of the measurement

J2000 epoch based ephemeris time at thqg
StopET StopET Double [315576066.183925 |788961666.183928 |Seconds end of the measurement

Real variable representing the number of|

seconds that of the accumulation
Duration Duration Double [0.0 999999.999 Seconds subtracting out any instrument dead time

Integer spin number for the beginning of
Spin Spin Uint32 |0 65535 None the accumulation

Integer sector number for the beginning o

the accumulation (Each spin is divided in

36 sectors although accumulation does
Sector Sector Uint32 |0 255 None occur across multiple sectors)

McElwain Dipole L value for the SC positi
L L Real 0.0 10.0 EarthRadii at the midpoint of the accumulation in

X, Y, Z values in Earth Radii of the positi
SM 3 Position_SM Real -10.0 10.0 EarthRadii of the spacecraft at the midpoint of the

The differential electron flux (intensity)
FEDUO 64 |FEDU 6, 64 |Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation

The differential electron flux (intensity)
FEDU1 64 Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation

The differential electron flux (intensity)
FEDU2 64 Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation

The differential electron flux (intensity)
FEDU3 64 Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation

The differential electron flux (intensity)
FEDU4 64 Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation

The differential electron flux (intensity)
FEDUS 64 Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation
FEDUQ_Error 14 |FEDU_Error 6, 14 |Double [0 100.0 None The statistical percent error of the countin
FEDU1 Error 14 Double [0 100.0 None The statistical percent error of the countin
FEDU2_Error 14 Double [0 100.0 None The statistical percent error of the countin
FEDU3_Error 14 Double [0 100.0 None The statistical percent error of the countin
FEDU4 _Error 14 Double [0 100.0 None The statistical percent error of the countin
FEDUS5_Error 14 Double [0 100.0 None The statistical percent error of the countin
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Table 6.2-2 ESR_ LEHT L2 Product Field Descriptions (cont.)

Field Information

CSV CDF
Array Array

Name (CSV) Size [Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description

Currently this variable is empty awaiting

cross calibration model science to be
FEDUOQ_CrossCalib_ RM3E |FEDU_CrossCalib_RM8EL4|Double |0.0 3000000.0 None finished

Currently this variable is empty awaiting

cross calibration model science to be
FEDU1 CrossCalib_ RM3E Double [0.0 3000000.0 None finished

Currently this variable is empty awaiting

cross calibration model science to be
FEDU2_CrossCalib_ RM3E& Double [0.0 3000000.0 None finished

Currently this variable is empty awaiting

cross calibration model science to be
FEDU3_CrossCalib_ RM3& Double [0.0 3000000.0 None finished

Currently this variable is empty awaiting

cross calibration model science to be
FEDU4 CrossCalib_ RM3E Double [0.0 3000000.0 None finished

Currently this variable is empty awaiting

cross calibration model science to be
FEDU5_CrossCalib_ RM3E Double [0.0 3000000.0 None finished
FEDUO_En 14 [FEDU_Energy 6, 14|Double |-1 15000.0 keV The midpoint energy of each energy chan
FEDU1 En 14 Double [-1 15000.0 keV The midpoint energy of each energy chan
FEDU2_En 14 Double [-1 15000.0 keV The midpoint energy of each energy chan
FEDU3_En 14 Double [-1 15000.0 keV The midpoint energy of each energy chan
FEDU4 _En 14 Double [-1 15000.0 keV The midpoint energy of each energy chan
FEDU5_En 14 Double [-1 15000.0 keV The midpoint energy of each energy chan

The low and high energy values of the
FEDUO_EnRange 14 [FEDU_EnergyRange |6, 14|Double |-1 15000.0 keV energy channel (not the deltas)

The low and high energy values of the
FEDU1 EnRange 14 Double |-1 15000.0 keV energy channel (not the deltas)

The low and high energy values of the
FEDU2_EnRange 14 Double |-1 15000.0 keV energy channel (not the deltas)

The low and high energy values of the
FEDU3_EnRange 14 Double |-1 15000.0 keV energy channel (not the deltas)

The low and high energy values of the
FEDU4 _EnRange 14 Double |-1 15000.0 keV energy channel (not the deltas)

The low and high energy values of the
FEDU5_EnRange 14 Double |-1 15000.0 keV energy channel (not the deltas)

The electron data quality flag currently se]

to 10 (unknown) until the data sets are fu
FEDUO_Quality 14 |FEDU_Quality 6,14|Int16 |0 10 None vetted

The electron data quality flag currently se]

to 10 (unknown) until the data sets are fu
FEDU1_Quality 14 Int16 |0 10 None vetted

The electron data quality flag currently se]

to 10 (unknown) until the data sets are fu
FEDU2_Quality 14 Int16 |0 10 None vetted

The electron data quality flag currently se]

to 10 (unknown) until the data sets are fu
FEDU3_Quality 14 Int16 0 10 None vetted

The electron data quality flag currently se]

to 10 (unknown) until the data sets are fu
FEDU4_Quality 14 Int16 |0 10 None vetted

The electron data quality flag currently se]

to 10 (unknown) until the data sets are fu
FEDU5_Quality 14 Int16 0 10 None vetted

*Null value: for CSV file = blank field; for CDF filexs1a"
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Table 6.2-3 ISR HELT L2 Product Field Descriptions

ISR_HELT L2

Product Specification

Product Type

ISRHELT

Product Description

RBSPICE High Energy Res Low Time Res lon Energy Rates

NASA Data Level

2

File Specification

File RegEx rbsp-$scl$-rbspice_lev-2 ISRHELT_YYYYMMDD_X.y.z-r.cSV.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZzIF|
Field Information
Csv CDF
Array Array
Name (CSV) Size [Name (CDF) Size [Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable |2010-01-01T00:00:00{2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the beginnin
UTC UTC String Seconds the measurement
Spacecraft Clock as a string for the beginnin
SCLOCK_FULL SCLOCK FULL String Ticks of the measurement
Orbit number as an integer for the beginning
OrbitNumber OrbitNumber Int32 -1 5000 None of the measurement
J2000 epoch based ephemeris time for the
ET ET Double [315576066.183925 |788961666.183928 [Seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MIdET MidET Double |315576066.183925 [788961666.183928 |Seconds midpoint of the measurement
J2000 epoch based ephemeris time atthe e
StopET StopET Double |315576066.183925 [788961666.183928 |Seconds of the measurement
Real variable representing the number of
seconds that of the accumulation subtractin
Duration Duration Double |0.0 999999.999 Seconds out any instrument dead time
Integer spin number for the beginning of the
Spin Spin Ulnt32 |0 65535 None accumulation
Integer sector number for the beginning of th
accumulation (Each spin is divided into 36
sectors although accumulation does occur
Sector Sector Uint32 |0 255 None across multiple sectors)
McElwain Dipole L value for the SC position
L L Real 0.0 10.0 EarthRadii the midpoint of the accumulation in Earth
X, Y, Z values in Earth Radii of the position
SM 3 Position_SM Real -10.0 10.0 EarthRadii the spacecraft at the midpoint of the
The differential ion flux (intensity) observed
FIDUO 64 |FIDU 6, 64 [Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\{during the accumulation
The differential ion flux (intensity) observed
FIDU1 64 Double [-1 6000000.0 Counts/(sec*cm”2*sr*Me\lduring the accumulation
The differential ion flux (intensity) observed
FIDU2 64 Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\{during the accumulation
The differential ion flux (intensity) observed
FIDU3 64 Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\{during the accumulation
The differential ion flux (intensity) observed
FIDU4 64 Double [-1 6000000.0 Counts/(sec*cm”2*sr*Me\lduring the accumulation
The differential ion flux (intensity) observed
FIDU5 64 Double |-1 6000000.0 Counts/(sec*cm”2*sr*Me\{during the accumulation
FIDUO_Error 64 [FIDU Error 6, 64 |[Double |0 100.0 None The statistical percent error of the counting
FIDU1_Error 64 Double |0 100.0 None The statistical percent error of the counting
FIDU2_Error 64 Double |0 100.0 None The statistical percent error of the counting
FIDU3 _Error 64 Double [0 100.0 None The statistical percent error of the counting
FIDU4_Error 64 Double |0 100.0 None The statistical percent error of the counting
FIDU5_Error 64 Double |0 100.0 None The statistical percent error of the counting
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Table 6.2-3 ISR_HELT _L2 Product Field Descriptions (cont.)

Field Information

CSV CDF
Array Array
Name (CSV) Size |Name (CDF) Size |Type _[inclusive_min * inclusive_max * Units Description
Currently this variable is empty awaiting cro
FIDUO_CrossCalib_RN®&E |FIDU_CrossCalib_RMEE 64 |Double [0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FIDU1 CrossCalib_RN&E Double [0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FIDU2_CrossCalib_R Double 0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FIDU3 CrossCalib_R Double 0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FIDU4 CrossCalib_R Double [0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FIDU5 CrossCalib RNI&E Double [0.0 3000000.0 None calibration model science to be finished
FIDUO_En 64 [FIDU_Energy 6, 64 |Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU1 En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU2_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU3_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU4 _En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU5_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
The low and high energy values of the ener
FIDUO_EnRange 64 |FIDU_EnergyRange |6, 64| Double |-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FIDU1_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FIDU2_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FIDU3_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FIDU4_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FIDU5_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)
The ion data quality flag currently set to 10
FIDUO_Quality 64 |FIDU_Quality 6, 64]Int16 0 10 None (unknown) until the data sets are fully vetteq
The ion data quality flag currently set to 10
FIDU1_Quality 64 Intl6 0 10 None (unknown) until the data sets are fully vetted
The ion data quality flag currently set to 10
FIDU2_Quality 64 Intl6 0 10 None (unknown) until the data sets are fully vetted
The ion data quality flag currently set to 10
FIDU3_Quality 64 Int16 0 10 None (unknown) until the data sets are fully vetted
The ion data quality flag currently set to 10
FIDU4_Quality 64 Intl6 0 10 None (unknown) until the data sets are fully vetted
The ion data quality flag currently set to 10
FIDU5_Quality 64 Int16 0 10 None (unknown) until the data sets are fully vetted
* Null value: for CSV file = blank field; for CDF filex1a>*
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Table 6.2-4 TOFXE H_L2 Product Field Descriptions

TOFXE_H_L2

Product Specification

Product Type

TOFXEH

Product Description

RBSPICE High Energy Res Low time Res TOFXE Proton Rates

NASA Data Level

2

File Specification

File RegEx rbsp-$scl$-rbspice_lev-2 TOFXEH_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
CsVv CDF
Array Array
Name (CSV) Size |Name (CDF) Size [Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00{R2024-12-31T23:59:59Milliseconds accumulation

UTC time stamp as a string for the beginnin
UTC UTC String Seconds the measurement

Spacecraft Clock as a string for the beginnin
SCLOCK FULL SCLOCK FULL String Ticks of the measurement

Orbit number as an integer for the beginning
OrbitNumber OrbitNumber Int32 -1 5000 None of the measurement

J2000 epoch based ephemeris time for the
ET ET Double |315576066.183925 |788961666.183928 |[Seconds beginning of the measurement

J2000 epoch based ephemeris time at the
MidET MidET Double |315576066.183925 |788961666.183928 [Seconds midpoint of the measurement

J2000 epoch based ephemeris time at the e
StopET StopET Double |315576066.183925 |788961666.183928 [Seconds of the measurement

Real variable representing the number of

seconds that of the accumulation subtractin
Duration Duration Double ]0.0 999999.999 Seconds out any instrument dead time

Integer spin number for the beginning of the
Spin Spin Uint32 |0 65535 None accumulation

Integer sector number for the beginning of th

accumulation (Each spin is divided into 36

sectors although accumulation does occur
Sector Sector UInt32 |0 255 None across multiple sectors)

McElwain Dipole L value for the SC position
L L Real 0.0 10.0 EarthRadii the midpoint of the accumulation in Earth

X, Y, Z values in Earth Radii of the position
SM 3 Position_SM Real -10.0 10.0 EarthRadii the spacecraft atthe midpoint of the

The differential proton flux (intensity)
FPDUO 14 |FPDU 6, 14|Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\jobserved during the accumulation

The differential proton flux (intensity)
FPDU1 14 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\jobserved during the accumulation

The differential proton flux (intensity)
FPDU2 14 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\lobserved during the accumulation

The differential proton flux (intensity)
FPDU3 14 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\observed during the accumulation

The differential proton flux (intensity)
FPDU4 14 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\observed during the accumulation

The differential proton flux (intensity)
FPDU5 14 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\jobserved during the accumulation
FPDUO_Error 14 |FPDU_Error 6, 14 |Double [0 100.0 None The statistical percent error of the counting
FPDU1_Error 14 Double [0 100.0 None The statistical percent error of the counting
FPDU2_Error 14 Double [0 100.0 None The statistical percent error of the counting
FPDU3_Error 14 Double |0 100.0 None The statistical percent error of the counting
FPDU4_Error 14 Double [0 100.0 None The statistical percent error of the counting
FPDU5_Error 14 Double |0 100.0 None The statistical percent error of the counting
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Table 6.2-4 TOFXE H L2 Product Field Descriptions (cont.)

Field Information

Csv CDF
Array Array
Name (CSV) Size [Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
Currently this variable is empty awaiting cro
FPDUO_CrossCalib_RM3& |FPDU_CrossCalib_RM8E14|Double (0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FPDU1_CrossCalib_RM3E& Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FPDU2_CrossCalib_RM3E& Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FPDU3_CrossCalib_RM3E& Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FPDU4 CrossCalib_ RM3E Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cro
FPDU5 CrossCalib_ RM3E Double ]0.0 3000000.0 None calibration model science to be finished
FPDUO_En 14 |FPDU_Energy 6, 14|Double [-1 15000.0 keV The midpoint energy of each energy channe
FPDU1 En 14 Double [-1 15000.0 keV The midpoint energy of each energy channe
FPDU2_En 14 Double [-1 15000.0 keV The midpoint energy of each energy channe
FPDU3_En 14 Double [-1 15000.0 keV The midpoint energy of each energy channe
FPDU4_En 14 Double [-1 15000.0 keV The midpoint energy of each energy channe
FPDU5_En 14 Double [-1 15000.0 keV The midpoint energy of each energy channe
The low and high energy values of the ener
FPDUO_EnRange 14 |FPDU_EnergyRange |6, 14(Double |-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FPDU1_EnRange 14 Double [-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FPDU2_EnRange 14 Double [-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FPDU3_EnRange 14 Double |-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FPDU4_EnRange 14 Double |-1 15000.0 keV channel (not the deltas)
The low and high energy values of the ener
FPDU5_EnRange 14 Double |-1 15000.0 keV channel (not the deltas)
The proton data quality flag currently set to J
FPDUO_Quality 14 |FPDU_Quality 6, 14(Int16 0 10 None (unknown) until the data sets are fully vetted
The proton data quality flag currently set to J
FPDU1_Quality 14 Int16 0 10 None (unknown) until the data sets are fully vetted
The proton data quality flag currently set to 1
FPDU2_Quality 14 Int16 0 10 None (unknown) until the data sets are fully vetted
The proton data quality flag currently set to 1
FPDU3_Quality 14 Int16 0 10 None (unknown) until the data sets are fully vetted
The proton data quality flag currently set to J
FPDU4 Quality 14 Int16 0 10 None (unknown) until the data sets are fully vetted
The proton data quality flag currently set to J
FPDU5_Quality 14 Int16 0 10 None (unknown) until the data sets are fully vetted
* Null value: for CSV file = blank field; for CDF filex1a>
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Table 6.2-5 TOFXE lon_ L2 Product Field Descriptions

TOFXE_lon L2

Product Specification

Product Type TOFxElon
Product Description RBSPICE High Energy Res Low Time Res TOFXE lon Rates
NASA Data Level 2
File Specification
File RegEx rbsp-$scl$-rbspice_lev-2_TOFXElon_YYYYN
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
CsVv CDF
Array Array
Name (CSV) Size [Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00{2024-12-31T23:59:59Milliseconds accumulation

UTC time stamp as a string for the beginnin
UTC UTC String Seconds the measurement

Spacecraft Clock as a string for the beginnin
SCLOCK FULL SCLOCK FULL String Ticks of the measurement

Orbit number as an integer for the beginning
OrbitNumber OrbitNumber Int32 -1 5000 None of the measurement

J2000 epoch based ephemeris time for the
ET ET Double |315576066.183925 |788961666.183928 [Seconds beginning of the measurement

J2000 epoch based ephemeris time at the
MidET MidET Double |315576066.183925 |788961666.183928 [Seconds midpoint of the measurement

J2000 epoch based ephemeris time at the e
StopET StopET Double |315576066.183925 [788961666.183928 [Seconds of the measurement

Real variable representing the number of

seconds that of the accumulation subtractin
Duration Duration Double ]0.0 999999.999 Seconds out any instrument dead time

Integer spin number for the beginning of the
Spin Spin uUlnt32 |0 65535 None accumulation

Integer sector number for the beginning of th

accumulation (Each spin is divided into 36

sectors although accumulation does occur
Sector Sector Ulnt32 |0 255 None across multiple sectors)

McElwain Dipole L value for the SC position
L L Real 0.0 10.0 EarthRadii the midpoint of the accumulation in Earth

X, Y, Z values in Earth Radii of the position
SM 3 Position_SM Real -10.0 10.0 EarthRadii the spacecraft at the midpoint of the

The differential ion flux (intensity) observed
FIDUO 64 |FIDU 6, 64|Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation

The differential ion flux (intensity) observed
FIDU1 64 Double |-1 6000000000000.0 Counts/(sec*cm”~2*sr*Me\during the accumulation

The differential ion flux (intensity) observed
FIDU2 64 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\during the accumulation

The differential ion flux (intensity) observed
FIDU3 64 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\during the accumulation

The differential ion flux (intensity) observed
FIDU4 64 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\lduring the accumulation

The differential ion flux (intensity) observed
FIDU5S 64 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
FIDUO_Error 64 [FIDU_Error 6, 64 |Double |0 100.0 None The statistical percent error of the counting
FIDU1_Error 64 Double |0 100.0 None The statistical percent error of the counting
FIDU2_Error 64 Double |0 100.0 None The statistical percent error of the counting
FIDU3_Error 64 Double |0 100.0 None The statistical percent error of the counting
FIDU4_Error 64 Double |0 100.0 None The statistical percent error of the counting
FIDUS5_Error 64 Double |0 100.0 None The statistical percent error of the counting
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Table 6.2-5 TOFXE lon L2 Product Field Descriptions (cont.)

Field Information

Csv CDF
Array Array

Name (CSV) Size |Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description

Currently this variable is empty awaiting cro
FIDUO_CrossCalib_RM$# |FIDU_CrossCalib_RM$E 64 |Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FIDU1 CrossCalib RM§E Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FIDU2 CrossCalib RM§E Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FIDU3 _CrossCalib RM§& Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FIDU4 CrossCalib RM§E Double ]0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FIDU5_CrossCalib_ RM§E Double ]0.0 3000000.0 None calibration model science to be finished
FIDUO_En 64 [FIDU _Energy 6, 64 |Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU1_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU2_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU3_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU4_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe
FIDU5_En 64 Double |-1 15000.0 keV The midpoint energy of each energy channe

The low and high energy values of the ener
FIDUO_EnRange 64 [FIDU_EnergyRange |6, 64|Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FIDU1_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FIDU2_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FIDU3_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FIDU4_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FIDU5_EnRange 64 Double |-1 15000.0 keV channel (not the deltas)

The ion data quality flag currently set to 10
FIDUO Quality 64 |FIDU_Quality 6, 64|Int1l6 0 10 None (unknown) until the data sets are fully vetted

The ion data quality flag currently set to 10
FIDU1_Quality 64 Int16 0 10 None (unknown) until the data sets are fully vetted

The ion data quality flag currently set to 10
FIDU2_Quality 64 Int1l6 0 10 None (unknown) until the data sets are fully vetted

The ion data quality flag currently set to 10
FIDU3_Quality 64 Int16 0 10 None (unknown) until the data sets are fully vetted

The ion data quality flag currently set to 10
FIDU4_Quality 64 Int16 0 10 None (unknown) until the data sets are fully vetted

The ion data quality flag currently set to 10
FIDU5_Quality 64 Int16 0 10 None (unknown) until the data sets are fully vetted

* Null value: for CSV file = blank field; for CDF filex:a*
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Table 6.2-6 TOFXE _nonH_L2 Product Field Descriptions

TOFXE_nonH_L2

Product Specification

Product Type

TOFXEnonH

Product Description

RBSPICE High Energy Res Low Time Res TOFXE non Proton Intensities

NASA Data Level

2

File Specification

File RegEx rbsp-$scl$-rbspice_lev-2 TOFXxEnonH_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
Ccsv CDF
Array Array
Name (CSV) Size [Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable |2010-01-01T00:00:00}2024-12-31T23:59:59|Milliseconds accumulation

UTC time stamp as a string for the beginnin
UTC UTC String Seconds the measurement

Spacecraft Clock as a string for the beginnin
SCLOCK_FULL SCLOCK_FULL String Ticks of the measurement

Orbit number as an integer for the beginning
OrbitNumber OrbitNumber Int32 =il 5000 None of the measurement

J2000 epoch based ephemeris time for the
ET ET Double |315576066.183925 |[788961666.183928 |Seconds beginning of the measurement

J2000 epoch based ephemeris time at the
MIidET MIdET Double |315576066.183925 [788961666.183928 |Seconds midpoint of the measurement

J2000 epoch based ephemeris time at the e
StopET StopET Double |315576066.183925 |788961666.183928 |Seconds of the measurement

Real variable representing the number of

seconds that of the accumulation subtractin
Duration Duration Double 0.0 999999.999 Seconds out any instrument dead time

Integer spin number for the beginning of the
Spin Spin Uint32 |0 65535 None accumulation

Integer sector number for the beginning of th

accumulation (Each spin is divided into 36

sectors although accumulation does occur
Sector Sector uUlint32 |0 255 None across multiple sectors)

McElwain Dipole L value for the SC position
L L Real 0.0 10.0 EarthRadii the midpoint of the accumulation in Earth

X, Y, Z values in Earth Radii of the position
SM 3 Position_SM Real -10.0 10.0 EarthRadii the spacecraft at the midpoint of the

The differential helium flux (intensity)
FHeDUO 20 FHeDU 6, 20|Double [-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation

The differential helium flux (intensity)
FHeDU1 20 Double |[-1 6000000000000.0 Counts/(sec*cm”~2*sr*Me\fobserved during the accumulation

The differential helium flux (intensity)
FHeDU2 20 Double [-1 6000000000000.0 Counts/(sec*cm”"2*sr*Me\fjobserved during the accumulation

The differential helium flux (intensity)
FHeDU3 20 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|jobserved during the accumulation

The differential helium flux (intensity)
FHeDU4 20 Double |[-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation

The differential helium flux (intensity)
FHeDUS5 20 Double [-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation
FHeDUO_Error 20 FHeDU_Error 6, 20 |Double |0 100.0 None The statistical percent error of the counting
FHeDU1_Error 20 Double |0 100.0 None The statistical percent error of the counting
FHeDU2_Error 20 Double |0 100.0 None The statistical percent error of the counting
FHeDU3_ Error 20 Double |0 100.0 None The statistical percent error of the counting
FHeDU4_Error 20 Double |0 100.0 None The statistical percent error of the counting
FHeDU5_Error 20 Double |0 100.0 None The statistical percent error of the counting

Currently this variable is empty awaiting cro
FHeDUO CrossCalib_ RM8& [FHeDU_CrossCalib_ RMBE20|Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro.
FHeDU1_CrossCalib_RM3& Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro.
FHeDU2_ CrossCalib_RM3& Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FHeDU3 CrossCalib_RM3& Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro.
FHeDU4_CrossCalib_RM3& Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro.
FHeDU5_CrossCalib_RM3& Double 0.0 3000000.0 None calibration model science to be finished

Table 6.2-6 TOFXE_nonH_L2 Product Field Descriptions (cont.)
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Field Information

Csv CDF
Array Array

Name (CSV) Size |Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
FHeDUO En 20 |FHeDU Energy 6, 20 |Double |-1 15000.0 keV The midpoint energy of each energy channe
FHeDU1 En 20 Double |-1 15000.0 keV The midpoint energy of each energy channe
FHeDU2 En 20 Double |-1 15000.0 keV The midpoint energy of each energy channe
FHeDU3 En 20 Double |-1 15000.0 keV The midpoint energy of each energy channe
FHeDU4 En 20 Double -1 15000.0 keV The midpoint energy of each energy channe
FHeDU5 En 20 Double |-1 15000.0 keV The midpoint energy of each energy channe

The low and high energy values of the ener
FHeDUO EnRange 20 |FHeDU EnergyRange |6, 20|Double [-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FHeDU1 EnRange 20 Double [-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FHeDU2_EnRange 20 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FHeDU3 EnRange 20 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FHeDU4 EnRange 20 Double [-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FHeDU5_EnRange 20 Double [-1 15000.0 keV channel (not the deltas)

The helium data quality flag currently set to
FHeDUOQ_Quality 20 |FHeDU Quality 6, 20 |Int16 0 10 None (unknown) until the data sets are fully vetted

The helium data quality flag currently set to
FHeDU1 Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetted

The helium data quality flag currently set to
FHeDU2 Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetted

The helium data quality flag currently set to
FHeDU3 Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetted

The helium data quality flag currently set to
FHeDU4 Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetteq

The helium data quality flag currently set to
FHeDU5 Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetted

The differential oxygen flux (intensity)
FODUO 20 |FODU 6, 20 |Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation

The differential oxygen flux (intensity)
FODU1 20 Double [-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|observed during the accumulation

The differential oxygen flux (intensity)
FODU2 20 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\{observed during the accumulation

The differential oxygen flux (intensity)
FODU3 20 Double |-1 6000000000000.0  [Counts/(sec*cm”2*sr*MeVobserved during the accumulation

The differential oxygen flux (intensity)
FODU4 20 Double [-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\fobserved during the accumulation

The differential oxygen flux (intensity)
FODU5 20 Double [-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\{observed during the accumulation
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Table 6.2-6 TOFXE nonH_ L2 Product Field Descriptions (cont.)

Field Information

Csv CDF
Array Array

Name (CSV) Size [Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
FODUOQ Error 20 [FODU Error 6, 20 |Double |0 100.0 None The statistical percent error of the counting
FODU1_Error 20 Double |0 100.0 None The statistical percent error of the counting
FODU2 Error 20 Double |0 100.0 None The statistical percent error of the counting
FODU3_Error 20 Double [0 100.0 None The statistical percent error of the counting
FODU4 Error 20 Double |0 100.0 None The statistical percent error of the counting
FODU5_Error 20 Double [0 100.0 None The statistical percent error of the counting

Currently this variable is empty awaiting cro
FODUOQ_CrossCalib RMYE0 |FODU_CrossCalib_RMS$E, 20 |Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FODU1 CrossCalib_RMYEO Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FODU2 CrossCalib RMYEO Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FODU3 CrossCalib RMYEO Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FODU4 CrossCalib RMYEO Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cro
FODU5_CrossCalib_ RMYEO Double 0.0 3000000.0 None calibration model science to be finished
FODUO_En 20 |FODU_Energy 6,20 (Double -1 15000.0 keV The midpoint energy of each energy channe
FODU1 En 20 Double |-1 15000.0 keV The midpoint energy of each energy channe
FODU2_En 20 Double |-1 15000.0 keV The midpoint energy of each energy channe
FODU3 _En 20 Double |-1 15000.0 keV The midpoint energy of each energy channe
FODU4 En 20 Double |-1 15000.0 keV The midpoint energy of each energy channe
FODU5_En 20 Double |-1 15000.0 keV The midpoint energy of each energy channe

The low and high energy values of the ener
FODUO_EnRange 20 |FODU_EnergyRange |6, 20|Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FODU1_EnRange 20 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FODU2_EnRange 20 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FODU3_EnRange 20 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FODU4 EnRange 20 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the ener
FODU5 EnRange 20 Double |-1 15000.0 keV channel (not the deltas)

The oxygen data quality flag currently set to
FODUOQ Quality 20 [FODU Quality 6, 20|Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to
FODU1 Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to
FODU2_Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to
FODU3_Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to
FODU4 Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to
FODU5_Quality 20 Int16 0 10 None (unknown) until the data sets are fully vetted

* Null value: for CSV file = blank field; for CDF filex1a™
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Table 6.2-7 TOFXPH H HELT L2 Product Field Descriptions

TOFXPH _H HELT L2

Product Specification

Product Type

TOFXPHHHELT

Product Description

RBSPICE High Energy Res Low Time Res TOFxPH Proton Rates

NASA Data Level

2

File Specification

File RegEx rbsp-$scl$-rbspice_lev-2 TOFXPHHHELT_YYYYMMDD_X.y.Z-r.CSV.gzZ
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
Ccsv CDF
Array Array
Name (CSV) Size [Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00}2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the beginning d
uTC UTC String Seconds the measurement
Spacecraft Clock as a string for the beginning
SCLOCK FULL SCLOCK _FULL String Ticks the measurement
Orbit number as an integer for the beginning o
OrbitNumber OrbitNumber Int32 -1 5000 None the measurement
J2000 epoch based ephemeris time for the
ET ET Double [315576066.183925 |788961666.183928 |Seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MIdET MIidET Double |315576066.183925 [788961666.183928 |Seconds midpoint of the measurement
J2000 epoch based ephemeris time at the end
StopET StopET Double |315576066.183925 [788961666.183928 |Seconds the measurement
Real variable representing the number of
seconds that of the accumulation subtracting g
Duration Duration Double 0.0 999999.999 Seconds any instrument dead time
Integer spin number for the beginning of the
Spin Spin Uint32 [0 65535 None accumulation
Integer sector number for the beginning of the
accumulation (Each spin is divided into 36
sectors although accumulation does occur acr
Sector Sector Uint32 |0 255 None multiple sectors)
McElwain Dipole L value for the SC position af
L L Real 0.0 10.0 EarthRadii the midpoint of the accumulation in Earth Radi
X, Y, Z values in Earth Radii of the position of
SM 8 Position_SM Real -10.0 10.0 EarthRadii spacecraft at the midpoint of the accumulation
The differential proton flux (intensity) observed
FPDUO 32 |FPDU 6, 32|Double |[-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
The differential proton flux (intensity) observed
FPDU1 32 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
The differential proton flux (intensity) observed
FPDU2 32 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
The differential proton flux (intensity) observed
FPDU3 32 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
The differential proton flux (intensity) observed
FPDU4 32 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
The differential proton flux (intensity) observed
FPDU5 32 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
FPDUO_Error 32 |FPDU_Error 6, 32|Double [0 100.0 None The statistical percent error of the counting
FPDU1_Error 32 Double [0 100.0 None The statistical percent error of the counting
FPDU2_Error 32 Double [0 100.0 None The statistical percent error of the counting
FPDU3_Error 32 Double [0 100.0 None The statistical percent error of the counting
FPDU4 _Error 32 Double [0 100.0 None The statistical percent error of the counting
FPDUS5_Error 32 Double [0 100.0 None The statistical percent error of the counting
Currently this variable is empty awaiting cross
FPDUO _CrossCalib RMSE |FPDU_Crosscalib_RMBE¥:32 |Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cross
FPDU1 CrossCalib_ RMSE Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cross
FPDU2_CrossCalib_ RMSE Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cross
FPDU3 CrossCalib_RMSE Double ]0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cross
FPDU4 CrossCalib_RMSE Double 0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cross
FPDUS5_CrossCalib_RMSE Double 0.0 3000000.0 None calibration model science to be finished
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Table 6.2-7 TOFXPH H HELT L2 Product Field Descriptions (cont.)

Field Information

CsV CDF
Array Array

Name (CSV) Size |Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
FPDUO En 32 |FPDU_Energy 6, 32|Double [-1 15000.0 keV The midpoint energy of each energy channel
FPDU1 En 32 Double [-1 15000.0 keV The midpoint energy of each energy channel
FPDU2_En 32 Double [-1 15000.0 keV The midpoint energy of each energy channel
FPDU3 En 32 Double [-1 15000.0 keV The midpoint energy of each energy channel
FPDU4 En 32 Double [-1 15000.0 keV The midpoint energy of each energy channel
FPDU5_En 32 Double [-1 15000.0 keV The midpoint energy of each energy channel

The low and high energy values of the energy
FPDUO_EnRange 32 |FPDU_EnergyRange |6, 32|Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FPDU1 EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FPDU2_EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FPDU3 EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FPDU4 EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FPDU5_EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The proton data quality flag currently set to 10
FPDUO_Quality 32 |FPDU_Quality 6, 32|Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU1 Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU2_Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU3 Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU4 Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU5_Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

The differential oxygen flux (intensity) observe
FODUO 32 |FODU 6, 32|Double |-1 6000000000000.0 |Counts/(sec*cm”2*sr*Me\{during the accumulation

The differential oxygen flux (intensity) observe
FODU1 32 Double |-1 6000000000000.0 |Counts/(sec*cm”2*sr*Me\{during the accumulation

The differential oxygen flux (intensity) observe
FODU2 32 Double |-1 6000000000000.0 |Counts/(sec*cm”2*sr*Me\{during the accumulation

The differential oxygen flux (intensity) observe
FODU3 32 Double |-1 6000000000000.0 |Counts/(sec*cm”2*sr*Me\{during the accumulation

The differential oxygen flux (intensity) observe
FODU4 32 Double |-1 6000000000000.0 |Counts/(sec*cm”2*sr*Me\{during the accumulation

The differential oxygen flux (intensity) observe
FODU5 32 Double |-1 6000000000000.0 |Counts/(sec*cm”2*sr*Me\{during the accumulation
FODUO_Error 32 |FODU_Error 6, 32|Double |0 100.0 None The statistical percent error of the counting
FODU1_Error 32 Double [0 100.0 None The statistical percent error of the counting
FODU2_Error 32 Double [0 100.0 None The statistical percent error of the counting
FODU3_Error 32 Double [0 100.0 None The statistical percent error of the counting
FODU4_Error 32 Double [0 100.0 None The statistical percent error of the counting
FODUS5_Error 32 Double [0 100.0 None The statistical percent error of the counting
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Field Information

Ccsv CDF
Array Array

Name (CSV) Size [Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description

Currently this variable is empty awaiting cross
FODUO_CrossCalib_ RMSE [FODU_Crosscalib_ RM®E32|Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cross
FODU1_CrossCalib_RMSE Double ]0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cross
FODU2_CrossCalib_RMSE Double [0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cross
FODU3_CrossCalib_RMSE Double 0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cross
FODU4_CrossCalib_RMSE Double [0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cross
FODU5_CrossCalib_ RMSE Double 0.0 3000000.0 None calibration model science to be finished
FODUO_En 32 [FODU_Energy 6, 32[Double [-1 15000.0 keV The midpoint energy of each energy channel
FODU1_En 32 Double |-1 15000.0 keV The midpoint energy of each energy channel
FODU2_En 32 Double [-1 15000.0 keV The midpoint energy of each energy channel
FODU3_En 32 Double [-1 15000.0 keV The midpoint energy of each energy channel
FODU4_En 32 Double [-1 15000.0 keV The midpoint energy of each energy channel
FODU5_En 32 Double [-1 15000.0 keV The midpoint energy of each energy channel

The low and high energy values of the energy
FODUO EnRange 32 |FODU EnergyRange |6, 32|Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FODU1_EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FODU2 _EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FODU3_EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FODU4 EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FODU5_EnRange 32 Double |-1 15000.0 keV channel (not the deltas)

The oxygen data quality flag currently set to 10
FODUO_Quality 32 |FODU_Quality 6, 32|Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to 10
FODU1_Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to 10
FODU2_Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to 10
FODU3_Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to 10
FODU4_Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

The oxygen data quality flag currently set to 10
FODU5_Quality 32 Int16 0 10 None (unknown) until the data sets are fully vetted

* Null value: for CSV file = blank field; for CDF filex4™*
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Table 6.2-8 TOFXPH_H_LEHT L2 Product Field Descriptions
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TOFXPH H LEHT L2

Product Specification

Product Type

TOFXPHHLEHT

Product Description

RBSPICE Low Energy Res High Time Res TOFxPH Proton Rates

NASA Data Level

2

File Specification

File RegEx rbsp-$scl$-rbspice_lev-2 TOFXPHHLEHT_YYYYMMDD_X.y.z-r.csv.gz
File Length 1 utcday
File Type CSV, CDF
File Compression GZIP
Field Information
CsVv CDF
Array Array
Name (CSV) Size [Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
TT2000
CDF J2000 epoch time at the beginning of the
Epoch variable [2010-01-01T00:00:00{2024-12-31T23:59:59|Milliseconds accumulation
UTC time stamp as a string for the beginning
UTC uTC String Seconds the measurement
Spacecraft Clock as a string for the beginning
SCLOCK_FULL SCLOCK_FULL String Ticks the measurement
Orbit number as an integer for the beginning
OrbitNumber OrbitNumber 1nt32 -1 5000 None the measurement
J2000 epoch based ephemeris time for the
ET ET Double |315576066.183925 |788961666.183928 |Seconds beginning of the measurement
J2000 epoch based ephemeris time at the
MIidET MIdET Double [315576066.183925 [788961666.183928 |Seconds midpoint of the measurement
J2000 epoch based ephemeris time at the en
StopET StopET Double |315576066.183925 |788961666.183928 |Seconds the measurement
Real variable representing the number of
seconds that of the accumulation subtracting
Duration Duration Double [0.0 999999.999 Seconds out anyinstrument dead time
Integer spin number for the beginning of the
Spin Spin Uint32 |0 65535 None accumulation
Integer sector number for the beginning of the|
accumulation (Each spin is divided into 36
sectors although accumulation does occur
Sector Sector Uint32 |0 255 None across multiple sectors)
McElwain Dipole L value for the SC position g
L L Real 0.0 10.0 EarthRadii the midpoint of the accumulation in Earth Raq
X, Y, Z values in Earth Radii of the position o
the spacecraft at the midpoint of the
SM 3 Position_SM Real -10.0 10.0 EarthRadii accumulation
The differential proton flux (intensity) observe)
FPDUO 10 [FPDU 6, 10 |Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
The differential proton flux (intensity) observe|
FPDU1 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\lduring the accumulation
The differential proton flux (intensity) observe
FPDU2 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
The differential proton flux (intensity) observe|
FPDU3 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
The differential proton flux (intensity) observe
FPDU4 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
The differential proton flux (intensity) observe)
FPDU5 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation
FPDUO_Error 10 FPDU_Error 6, 10 |Double |0 100.0 None The statistical percent error of the counting
FPDU1 _Error 10 Double [0 100.0 None The statistical percent error of the counting
FPDU2_Error 10 Double |0 100.0 None The statistical percent error of the counting
FPDU3_Error 10 Double |0 100.0 None The statistical percent error of the counting
FPDU4_Error 10 Double |0 100.0 None The statistical percent error of the counting
FPDU5_Error 10 Double |0 100.0 None The statistical percent error of the counting
Currently this variable is empty awaiting cros
FPDUO_Crosscalib_RMB®B FPDU_Crosscalib_RMBEE10 [Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting crosg
FPDU1 Crosscalib_RMEID Double ]0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting crosg
FPDU2_Crosscalib_RMEID Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting crosg
FPDU3_Crosscalib_ RMBIB Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cros§
FPDU4 _Crosscalib_RMEIB Double |0.0 3000000.0 None calibration model science to be finished
Currently this variable is empty awaiting cros
FPDU5_Crosscalib_RMB® Double [0.0 3000000.0 None calibration model science to be finished
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Table 6.2-8 TOFXPH_H_LEHT L2 Product Field Descriptions (cont.)

Field Information

Csv CDF
Array Array

Name (CSV) Size |Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description
FPDUO_En 10 [FPDU_Energy 6, 10|Double |-1 15000.0 keV The midpoint energy of each energy channel
FPDU1_En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel
FPDU2_En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel
FPDU3_En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel
FPDU4 _En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel
FPDU5 _En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel

The low and high energy values of the energy
FPDUO_EnRange 10 [FPDU_EnergyRange |6, 10|Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FPDU1 EnRange 10 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energ
FPDU2_EnRange 10 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energ
FPDU3_EnRange 10 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energ
FPDU4 EnRange 10 Double |-1 15000.0 keV channel (not the deltas)

The low and high energy values of the energy
FPDU5_EnRange 10 Double |-1 15000.0 keV channel (not the deltas)

The proton data quality flag currently set to 10
FPDUO_Quality 10 [FPDU_Quality 6, 10|Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU1 Quality 10 Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU2_Quality 10 Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU3_Quality 10 Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU4 Quality 10 Int16 0 10 None (unknown) until the data sets are fully vetted

The proton data quality flag currently set to 10
FPDU5_Quality 10 Int16 0 10 None (unknown) until the data sets are fully vetted

The differential oxygen flux (intensity) observe
FODUO 10 |[FODU 6, 10|Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\lduring the accumulation

The differential oxygen flux (intensity) observe
FODU1 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\lduring the accumulation

The differential oxygen flux (intensity) observe
FODU2 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation

The differential oxygen flux (intensity) observe
FODU3 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation

The differential oxygen flux (intensity) observe
FODU4 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\|during the accumulation

The differential oxygen flux (intensity) observe
FODUS5 10 Double |-1 6000000000000.0 Counts/(sec*cm”2*sr*Me\lduring the accumulation
FODUO_Error 10 |FODU Error 6, 10|Double [0 100.0 None The statistical percent error of the counting
FODU1_Error 10 Double [0 100.0 None The statistical percent error of the counting
FODU2_Error 10 Double [0 100.0 None The statistical percent error of the counting
FODU3_Error 10 Double [0 100.0 None The statistical percent error of the counting
FODU4_Error 10 Double [0 100.0 None The statistical percent error of the counting
FODUS5_Error 10 Double [0 100.0 None The statistical percent error of the counting

Currently this variable is empty awaiting cros§
FODUO_Crosscalib_RM8@B |FODU_Crosscalib_RMS$E10|Double (0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cros
FODU1_Crosscalib_ RM@B Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cros
FODU2_Crosscalib_ RM3HB Double |0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cros
FODU3_Crosscalib_RM8B Double ]0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cros§
FODU4 Crosscalib_RMBH Double [0.0 3000000.0 None calibration model science to be finished

Currently this variable is empty awaiting cros§
FODU5_Crosscalib_ RM&B Double |0.0 3000000.0 None calibration model science to be finished
FODUO_En 10 |FODU_Energy 6, 10|Double [-1 15000.0 keV The midpoint energy of each energy channel
FODU1_En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel
FODU2_En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel
FODU3_En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel
FODU4 _En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel
FODUS5_En 10 Double [-1 15000.0 keV The midpoint energy of each energy channel
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Table 6.2-8 TOFXPH_H_LEHT L2 Product Field Descriptions (cont.)

Field Information
Ccsv CDF
Array Array
Name (CSV) Size |Name (CDF) Size |Type inclusive_min * inclusive_max * Units Description

/7 REFERENCES

Appendix A - Q&A

Q: What does "TOFx" stand for? Through http://athena.jhuapl.edu/data_finder | found
TOFXEH, TOFxElon, TOFXEnonH, TOFXPHHHELT, and TOFXPHHLEHT for RBSBut did not
find the "TOFx"s for RBSRA. Will they ever be posted?

A¢ChCE &aiGlyR& F2NJ¢AYS 2F CtAIKG o0& XX GKS X A& Sa
TOFxPH datproducts.

This product designation has to do with the mode in which we are taking the data and whether there is
enough energy to trigger the SSD portion of the instrument.

In general the TOFXE products calculate the total energy using the time offiighihen utilize the SSD

energy deposition to further clarify the species.

The TOFxPH products calculate the total energy using the time of flight and then utilize the pulse height

to identify the species since the energy of the species is not enougénietiate into the SSD. The

alternative counting data product that we have is the ESRHELT, ESRLEHT, and ISRHELT products in which
0KSaS LINPRdzOGA FFNB (F 1Sy 2yfteée daAiAy3d GKS aSySNBeé
have no understanding of éhspecies of the particle (barring electron versus ion).

ESR products stand for Electron Species products and ISR stand for lon Species.

In everything, the HELT stands for High Energy Low Time resolution and the LEHT stands for Low Energy
High Time resolibn.

Unfortunately during January 17, the RBSPICE A instrument was not programmed to produce any of the
TOFx data products.

This capability was turned off due to some instrument issues observed in early November 2012 and then
once they were resolved itas turned back on January 26, 2013.

The RBSPICE B instrument was fully operational during the time frame that you are looking at.

| point you to our production report pages at

http://rbspicea.ftecs.com/RBSPICEA Production_Status Reportdiitk on the counting tab at the

bottom) and

http://rbspiceb.ftecs.com/RBSPICEB_Production_Status Reportdhime what counting data products

are available for the mission.

Q: | found H fluxes in TOFXEH, He and O fluxes in TOFxEnonH, H and O fluxes in
TOFXPHHHELT and TOFXPHHLEHT. Which file(s) should | use to get the fluxes? Are they all
sector (not spin-averaged) data?
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A: In regards to which files to use first understand that the Level O files are counts, the Level 1 files are

rate, and the Level 2 files are intensity (differential flux) (units of counts/(MeV*cm”2*sr*sec).

In regards to density you need torabine all of the particle data from each of the products which

contain the species for which you are interested.

C2NJ AyaidlyOSs AT &2dz ¢yl GKS RSyairide 2F 2€£e3Sy A
O™, etc) then you need to work witthe TOFxEnonH and one of TOFXPHHLEHT or TOFXPHHHELT. The
decision on which of the TOFxPH products to use is based upon what time resolution you want to work

with in regards to your production of the densities.

As a note, the TOFXEnonH oxygen energy staoisnd 123KeV and the TOFXPHHHELT ends around 177

KeV so there are measurements that overlap between the two products. The overlap is there to help us
make sure that our calibration is working correctly and to provide the option on which products we use

in regards to the how we calculate the macro properties like dendftyu need to make sure that you

are not combining all of the data from all of the channels though because you would then over calculate

the densities at certain energies.

I would also disourage you from using the very bottom energy channels of any of the data products

since they have a tendency to be contaminated.

None of the data are Spin Averaged from a traditional sense of higher level data products.

Instead the accumulation periodsmy from product to product. To start off, the RBSPICE instrument

breaks a spin into 36 sectors and the accumulation period of the products is individually defined so that
some products accumulate in very high time resolution and others accumulate itnh@wesolution

and some in a somewhat medium time resolution.

The TOFxEnonH data product have 20 energy channels and are accumulated over a single spin but the
number of sectors of the accumulation can vary over the mission. You can look at the ddta files

determine how many sectors are included in the accumulation by the sector cadence within any spin,

i.e. in 2012 for spin= 64424 the sector numbers step as 0, 2, 4, 6, i.e. accumulating over 2 sectors for

each data point.

The TOFXPHHLEHT data producia#se accumulated in a single spin with generally a higher angular

resolution compared to the TOFXEnonH data products but the energy resolution is limited to 10 energy
channels and only 3 or 4 are oxygen.

The TOFXPHHHELT data product has 32 energy chafraflsvhich are counting oxygen ions but the

product itself is accumulated over multiple spins for each of the sector groups that are involved in the
accumulation.t 2 0SS Y2NB ALISOATFTAOE (GKS | OO0dzydz A2y o6NBI |
andSI OK aaSOU02NE Aa OGKSyYy | OOdzydztE I 6SR 20SNJ mn &aLIAYac
C2NJ AyaidlyOSs RddzZNAYy3a YdzOK 2F (GKS YAaarzy oYl e&oS |
accumulated over 10 spins.

By looking at the sector cadence within a file and the spin cadenceamotell how many sectors are

AyOf dzZRSR Ay I fFNHSNI 6aSOG2NE YR K2g¢g Ylye alLAya
If you want a spin averaged data product then you will need to add all of the data from each sector

group within a spin and then you will hatree spin averaged data.

Q: What are the energy channels? What is the y-axis plotted with Autoplot? What operations

(slice, collapse, etc) should be applied to the data to get the fluxes and further calculate the
densities?
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A: This is a much harder quésh to answer but | will attempt it.

First | would like to encourage you to utilize the MIDL analysis package that is available at the following
URLhttp://sd -www.jhuapl.edu/rbspice/MIDL/

Thisanalysis package already understands how to plot the RBSPICE data and I think would be very useful
to you to better have access and understand our data.

The energy channels can be found at the following Wib://rbspice.ftecs.com/Data.htmi-- scroll

down to the bottom to get to links for the A/B calibration pages.

In regards to plotting of the y axis for autoplot, that depends upon what you are plotting and trying to
accomplish.

The x axis is most &k time and for a spectrograph the y axis is energy and the z axis is
intensity/rate/count (depending upon what data level you are using.

Obviously once you calculate the density of the data then the y axis is just the density and x the time.

Appendix B - Glossary
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