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The telemetry output of the STEREO IMPACT HET telescope contains CCSDS packets in 7 different data formats:

A. Rate packets

B. Status and single PH packets

C. Stopping particle PH packets

D. Penetrating particle PH packets

E. Table status dump

F. Beacon packets

G. Housekeeping data packets

After individual particle pulse height (PH) events are recorded by HET, the onboard processing algorithm identifies particle species and energies and bins the particles in “software rate counters,” as distinguished from hardware counters in the front-end electronics.  The identification of these counters is given in Appendix A.  In addition to binning all the particles, samples of the raw PH events are selected in 8 categories (see Appendix B) for inclusion in the telemetry stream. The format of the PH events themselves is given in B.2.  Note that PH events can vary in length from 2 to 16 bytes (always even).  All rates are log compressed from 24-bit to 16-bit quantities for telemetry according to the algorithm given in Appendix C.  Quantities longer than one byte are written into the packets least-significant byte first.

The following sections describe the formats of individual packet types.  In normal operation, HET generates 6 primary packets during a one-minute frame; these might be formatted as follows:  1 A, 1 B, 3 Cs and 1 Ds.  E packets are multiplexed out on at a rate that can be selected by command.  In flight, typically, E packets replace a PH packet once every 16 min to produce a complete dump every ~5 days.  F and G packets contribute the HET portions of the SEP beacon and housekeeping data.  Section 8 discusses an algorithm for selection of sample PHs to fill the PH packets.

The CCSDS header format is defined in the STEREO MOC to POC Interface Control Document.

1. ‘A’ or Rate packets (ApID: 590 (dec)  24e (hex)): 

Rate packets are formatted as follows:

	Offset
	Bytes
	A-packet contents

	0
	11
	CCSDS header

	11
	1
	HET mode byte

	12
	2
	TBD

	14
	2
	Major frame number

	16
	2
	Livetime

	18
	2
	Trigger rate

	20
	2
	Coincidence rate

	22
	2
	Total number of events (excludes stimulus events)

	24
	2
	N singles queued 

	26
	2
	N stopping events queued

	28
	2
	N penetrating events queued

	30
	2
	N stopping H

	32
	2
	N stopping He

	34
	2
	N stopping heavies

	36
	2
	N penetrating H

	38
	2
	N penetrating He

	40
	2
	N penetrating heavies

	42
	2
	N invalid events – out of sequence (reg and stim events )

	44
	2
	N invalid events – H1i & H1o, but not stimulus events

	46
	2
	N invalid events – inconsistent dE/dx  (reg and stim events)

	48
	2
	N invalid events – H1 not first ph (reg and stim events)

	50
	2
	N stimulus events (all types of stimulus events)

	52
	12
	6 background event bins 0-5

	64
	150
	75 stopping event bins 6-80 

	214
	16
	8 penetrating event bins 81-88

	230
	26
	13 single event bins 89-101

	256
	14
	7 stimulus event bins 102-108

	270
	1
	TBD

	271
	1
	checksum


2. ‘B’ or Status and Single PH Packets (ApID: 591 (dec)  24f (hex)): 

B packets are somewhat of a catchall.  They contain instrument status and health bytes, H1 single PH events, stimulator (STIM) event PHs and a few extra rates.  They are formatted as follows:

	Offset
	Bytes
	B-packet contents

	0
	11
	CCSDS header

	11
	1
	HET mode byte

	12
	2
	TBD

	14
	2
	Major frame number

	16
	28
	14 Single detector rates

	44
	1
	number of commands received in previous major frame

	45
	1
	zero

	46
	2
	command errors (bit N = 1 if command N had an    execution error, N=0-15)

	48
	2
	background idle counts (compressed)

	50
	14
	Offsets for current selected channels (h1i logain=0, h1i logain=1, h1o logain=0, h1o logain=1, h2 logain=0, h2 logain=1, h3 logain=0, h3 logain=1...  h6 logain=0, h6 logain=1)

	64
	7
	h1i chip=0 addr, h1o chip=0 addr, h2 chip=1, addr, h2 chip chip =1 addr..h6 chip=1 addr

	71
	3
	Status Bytes (TBD)

	74
	100
	50 sample H1-only PHs

	174
	96
	STIM PH events

	270
	1
	N stimulus events in packet

	271
	1
	Checksum


3. ‘C’ or Stopping-Particle PH Packets (ApID: 592 (dec)  250 (hex)): 

C packets contain PH events for stopping particles.  They are formatted as follows:

	Offset
	Bytes
	C-packet contents

	0
	11
	CCSDS header

	11
	1
	HET mode byte

	12
	2
	TBD

	14
	2
	Major frame number

	16
	2
	N of stopping events

	18
	252
	Stopping event PHs

	270
	1
	TBD

	271
	1
	checksum


Stopping particles produce PHs in from 2 to 5 detectors, so their description contains from 6 to 12 bytes (appendix B).  This means that a packet can contains a maximum of 42 events, but contains at least 21 events if they are available.  Since event lengths are variable, extra space may exist at the end of the PH region that is too small for another event.  Any such bytes following the last PH event must be 0 filled.

4. ‘D’ or Penetrating-Particle PH Packets (ApID: 593 (dec)  251 (hex)): 

D packets contain PH events for penetrating particles.  They are formatted as follows:

	Offset
	Bytes
	D-packet contents

	0
	11
	CCSDS header

	11
	1
	HET mode byte

	12
	2
	TBD

	14
	2
	Major frame number

	16
	2
	N of penetrating events

	18
	252
	0-18 Penetrating event PHs

	270
	1
	TBD

	271
	1
	Checksum


Penetrating particles produce PHs in 6 detectors, so their description contains 14 bytes (appendix B). 

5. ‘E’ or Table Listing Packets (ApID: 594 (dec)  252 (hex)): 

E packets contain a listing of a segment of the table and constant region of the MISC-24 processor’s memory.  They are formatted as follows:

	Offset
	Bytes
	E-packet contents

	0
	11
	CCSDS header

	11
	1
	HET mode byte

	12
	2
	TBD

	14
	2
	Major frame number

	16
	3
	Beginning address

	19
	252
	Data

	271
	1
	Checksum


Generally, “Data” will consist of the next 84 24-bit words of memory beyond the beginning address.  These packets are designed to slowly multiplex the contents of large sections of memory into the telemetry stream.  Typically, one E-packet will be written every 16 major frames (minutes) in place of a PH packet.

6. ‘F’ or Beacon Packets (ApID: 599 (dec)  257 (hex)
Beacon packets transmit HETs share of the SEP beacon packet.

	Offset
	Bytes
	F-packet contents

	0
	11
	CCSDS header

	2
	2
	Electrons 0.7-4 MeV  - sum of sw bins 6-8

	4
	2
	Protons 13-21 MeV – sum of sw bins 9-12

	6
	2
	Protons 21-40 MeV – sum of sw bins 13-18

	8
	2
	Protons 40-100 MeV – sum of sw bins 81-82

	10
	2
	He 13-21 MeV/n – sum of sw bins 24-27

	12
	2
	He 21-40 MeV/n – sum of sw bins 20-22

	14
	2
	He 40-100 MeV/n – sum of sw bins 86-87

	
	2
	C+O 30-52 MeV/n - sum of sw bins  35-39,  42-46

	
	2
	C+O 52-74 MeV/n - sum of sw bins  40-41, 47-48

	
	2
	Fe 52-74 MeV/n - sum of sw bins 73-74

	
	2
	Livetime

	
	2
	Stop. efficiency  (TBD)

	
	2
	Pen. efficiency (TBD)

	
	2
	HET status (TBD)

	270
	1
	TBD

	271
	1
	Checksum


The rate quantities in the beacon data packet are derived by summing software rates described in Appendix A.   Regions in the packet other than the header and defined HET data block are filled with 0. 

7. ‘G’ or Housekeeping Packets (ApID: 598 (dec)  256 (hex))

G packets contain the HET contribution to the housekeeping data packet.  Regions other than those defined are 0 filled.

	Offset
	Bytes
	G-packet contents

	0
	11
	CCSDS header

	11
	1
	ADC Temp 1

	12
	1
	ADC Temp 2

	13
	1
	PHASIC 0 PH channel ID

	14
	1
	PHASIC 0 ADC Preamp 

	15
	2
	PHASIC 0 high gain threshold

	17
	2
	PHASIC 0 low gain threshold

	19
	2
	PHASIC 0 leakage current DAC setting

	21
	1
	PHASIC 1 PH channel ID

	22
	1
	PHASIC 1 ADC Preamp 

	23
	2
	PHASIC 1 high gain threshold

	25
	2
	PHASIC 1 low gain threshold

	27
	2
	PHASIC 1 leakage current DAC setting

	29
	2
	Error Flags (16 bits)

	31
	2
	Software version ID (16 bits)

	23
	2
	N invalid token

	35
	2
	N invalid trigger

	37
	2
	N lost raw events 

	39
	2
	Major frame number

	41
	3
	Table checksum

	44
	1
	24-bit DAC value, bits 0:7 (PHASIC 0 DAC)

	45
	1
	24-bit DAC value, bits 8:15 (PHASIC 1 DAC)

	46
	1
	24-bit DAC value, bits 16:23 (un:4, mux:2, rng1:1, rng0:1)

	47
	5
	Available (TBD)

	52
	219
	Not available for use

	271
	1
	Checksum


8. Raw Event Packet  (ApId: 597 (dec)  255 (hex))
This packet is a diagnostics packet and should not normally be generated in flight mode.  

The raw event packet is generated when the FSW has been configured to tmode 3 when connected to SEP Central, and tmode 1 when not connected to SEP Central.  This packet replaces the packets with ApId 592 and 593 in tmode 3, and is generated in addition to the other packets at every unused second in tmode 1.  This packet should generally be used when analysis requires reviewing the raw (24 bit) events before particle processing. 
	Offset
	Bytes
	597-packet contents

	0
	11
	CCSDS header

	11
	1
	HET mode byte

	12
	2
	TBD

	14
	2
	Major frame number

	16
	255
	85  24-bit raw events

	271
	1
	Checksum


9. PH Event Selection

In large solar energetic-particle events, the number of particles collected by HET will exceed by far the space available for PH events in the PH packets.  Since most of these particles are protons, intelligent sampling is required to insure that other species are sampled.  As a part of the onboard processing and binning of each particle, sampled PH events for stopping and penetrating particles are queued as protons, helium, or heavy ions.  Approximately 1/3 of the telemetry space will be reserved for each species, but vacant space will be filled.  That is, if there are 3 C packets being sent per frame, one will be dedicated to each species.  However, if the “heavies” packet is not full, the space will be filled by any left over He.  Then, if the Heavy and He packets have space, it will be filled with H PH events.  A similar process will be used to fill the 18 slots in the D packet with penetrating-ion events (6 each).

If all stopping PH events fit in 3 C packets, all will be sent; if all fit in 1 or 2 C packets only, those will be sent, leaving room for extra D packets.  In quiet times, 1 D packet should contain all Galactic Cosmic Ray events, but additional D packets might be useful very early in a large SEP event, before many stopping ions arrive.  When all pulse-heights fit in a 1 C packet and 1 D packet, 2 E packets may be sent to fill the 6 packet/min frame.  This is the minimum quiet-time set of packets.  

Note that the queues for the 8 categories of sample PH events (see B.1) will have to be long enough to accommodate the maximum “backfill” of the packets.  For example the stopping proton queue must fill 3 C packets (max. 126 events) in case there are no stopping He & heavies; He must fill 2 C packets (max. 84 events), and heavies 1 (max 42 events).  Similarly, penetrating H events must fill as many as 3 D packets (54 events) and pen. He must fill 2 D packet (36 events) and heavies 1 (18 events).  Note that only those PHs to be actually transmitted need to be converted to compressed PH format.

Frame rates higher than one per minute may be required for accelerator calibrations.

Appendix A: Onboard Software Count Bins

A.1  H1 Singles Events

H1 – only events are mapped to MeV and binned in 2-MeV intervals out just beyond the proton endpoint, and then 4-MeV intervals to beyond the He endpoint.  Intervals (18) are:

0-2, 2-4, 4-6, 6-8, 8-10, 10-12, 12-14, 14-16, 16-20, 20-24, 24-28, 28-32, 32-36, 36-40, 40-44, 44-48, 48-52, >52.

A.2  Stopping Particles

Identified species and energy intervals are shown:

	MeV/n
	H&4He
	3He
	C
	O
	Ne
	Mg
	Si
	Fe

	13-15
	X
	
	
	
	
	
	
	

	15-
	X
	
	
	
	
	
	
	

	17-
	X
	17-21
	
	
	
	
	
	

	19-
	X
	
	
	
	
	
	
	

	21-
	X
	21-27
	
	
	
	
	
	

	24-
	X
	
	
	
	
	
	
	

	27-
	X
	27-33
	x
	
	
	
	
	

	30-
	X
	
	x
	x
	
	
	
	

	33-
	X
	33-40
	x
	x
	x
	
	
	

	36-
	X
	
	x
	x
	x
	
	
	

	40-
	
	40-47
	x
	x
	x
	x
	x
	

	45-
	
	
	x
	x
	x
	x
	x
	

	52-
	
	
	x
	x
	x
	x
	x
	x

	62-
	
	
	x
	x
	x
	x
	x
	x

	74-
	
	
	
	x
	x
	x
	x
	x

	87-
	
	
	
	
	x
	x
	x
	x

	98-
	
	
	
	
	
	x
	x
	x

	109-
	
	
	
	
	
	
	x
	x

	119-
	
	
	
	
	
	
	
	x

	140-163
	
	
	
	
	
	
	
	x

	Bin-Count
	20
	5
	8
	8
	8
	7
	8
	8


Total 72 bins for stopping ions, plus 3 background bins.

Electrons are accumulated in 3 bins:  0.7-1.4, 1.4-2.8, and 2.8-4.0 MeV

A.3  Penetrating Particles

Bins for penetrating particles are as follows:

	MeV/nucleon
	H
	He

	40-60
	x
	x

	60-100
	x
	x

	100-200
	x
	x

	200-400
	x
	

	>400
	x
	

	Bin-count
	5
	3


There are a total of 8 bins for penetrating particles, plus 2 background bins.

Appendix B. Pulse-Height Selection and Formatting

B.1  Pulse-Height Categories

In the process of the onboard identification and binning of particle pulse-height (PH) events, sample events are selected and formatted for telemetry.   To prevent PH events of a given type (e.g. protons) from dominating the telemetry stream, events are grouped in the following categories:

0 - H1 singles

1 - Stopping protons

2 - Stopping He

3 - Stopping heavies

4 - Penetrating protons

5 - Penetrating He

6 - Penetrating heavies

7 - PH stimulator events

Singles events consist of a single PH in the H1 (H1i or H1i) detector.  Stopping events consist of PHs from 2 to 5 detectors, H1, H2, (…H5).  Penetrating events consist of 6 detectors H1 through H6.  PH stimulator events consist of up to 7 PHs: H1i, H1o, H2, …H6.  All events are presumed to be valid events, in that the PHs are ordered consistently, since invalid events (e.g. H1H2H5) have been weeded out early during PH interrupt service.  Each event has been tallied in an onboard particle species and energy “software” bin, although that bin may be a “background” bin between actual particle tracks.  

Each event category is allocated a fixed basic amount of space in the output data packets.  This insures adequate representation of the categories in a large solar particle event.  However, if there are not enough events in a given category to fill the allotted space at the end of each one-minute “frame,” events from another category are allowed to occupy that space, in a priority order, until all available PH telemetry space in the packets is filled or all events are telemetered.  This means that more PH events in each category should be queued than can fit in the basic allocation for that category.  Basic allocations and filling priorities are presently TBD.

B.2  PH Event Format

With the exception of the H1 singles events, discussed below, all PH events consist of a 16-bit header followed by the appropriate number of 16-bit packed pulse heights.  The bit pattern of the 16-bit header is as follows (listed in lsb to msb order):

3-bits   Count of PHs in this event

8-bits   Onboard SW bin this event was assigned to

1-bit    Stimulator event flag

1-bit    Current rate mode of the HET

3-bits  PH category

Each individual PH is compressed from the 24-bit value read from the ASIC to a 16-bit value with the following bit pattern (lsb to msb)

11-bits  PH value

1-bit    Overflow bit

1-bit    High/low gain

3-bit     PH number  (H1i, H1o, H2, …H6)

To save space, H1 singles are treated differently from other events in that they have no header but consist only of a single 16-bit PH event as defined above.  Because of this, they occupy a fixed space in the telemetry packets that cannot be shared with events in other PH categories.  

Note that stopping and penetrating events can be mixed arbitrarily.  Using the PH-counts in the PH-header it is possible to traverse logically from event to event throughout a list of events.

In the process of storing PH events in a 272-byte packet buffer, one may arrive at a place where an event is too large to fit in the remaining space.  In this case, the remaining space in the packet is zeroed and the event is stored elsewhere or omitted.  This will result in a PH-count of 0 when an attempt is made to read this event on the ground. 

Appendix C.  Rate Compression Algorithm

/* 32-bit (or 24-bit) -> 16-bit compression for SW and HW rates  */

/* useage:  rateout=pack_rate(ratein);                           */

unsigned int pack_rate(ratein)

long ratein;

{

        unsigned int rateout, power=0;

        while (ratein&0xfffff000)

        {

                power+=0x0800;

                ratein>>=1;

        }

        rateout=ratein;

        if (power)

                rateout=power+0x0800|((rateout&0x07ff));

        return rateout;

}

/* Unpacking (not required in flight code) */

long long_rate(packed)  /* Unpack to long */

unsigned packed;

{

        int power;

        long out;

        power= packed>>11;

        if (power>1)

        {

                out=((packed&0x07ff)|0x0800);

                out=out<<(power-1);

        }

        else

                out=packed;

        return out;

}

double dbl_rate(packed) /* Unpack to double */

unsigned packed;

{

        int power;

        double out;

        power= packed>>11;

        if (power>1)

        {

                out=((packed&0x07ff)|0x0800);

                out=out*pow(2.,(double)(power-1));

        }

        else

                out=packed;

        return out;

}
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