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The Seconds before Ge2's last sign of life in Sc.HK
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The Time-Frames before Ge2’s last sign of life

» For each detector : plot number of SE hits per Time Frame as a function of time

» detectors count normally around ~ 5 SE/TF

» detectors close to Ge2 count up to 35 SE/TF in TF 11 (i.e. TF containing last GeZ2 hit)
» detector Ge2 counts up to 750 SE/TF in TF 5 (750 ms, i.e. 6 TF before last Ge2 hit)
* detector Ge2 starts bad behavior in TF 2 (875 ms, i.e. 9 TF before last Ge2 hit)

|nHITperTFdet2.[point O]fval 4.00][mean 0.00][sigma 0.00][Iast0][synch21
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Ge2 Tempora

» SE temporal structure
during last 1.2 second
in Ge2’s life.

- burst of events
as fast as one SE
every 30 - 50 us,
lasting for ~ 100 ms.
- voids between hits
lasting for ~ 100 ms.

« very few ME (simply
no neighbors Ge hits
at the same time).

» Energy structure:
- a few very high E
hits (5 & 9 MeV).
- nothing special in
the 1.5 MeV band
- some very small
energies.
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Ge2 Temporal structure of SE hits

» Energy structure:
- a few very high E
hits (5 & 9 MeV).
- nothing special in
the 1.5 MeV band
- some very small
energies:

* Energies < 20 keV:

- corresponding to
ADC channel 0-128.

- hits for which the
Time Tag was sent,
but the ADC decided
that the energy can
not be determined
(bad pulse shape)

- in this case, we see
an increasing ramp,
corresponding to the
electronics pedestal
(normally applied
and subtracted)
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What happens in Ge-Camera just after last Ge2 hit ?

HitVsT_ge2. [Ssynch 0]

Ment

Mean = 1089
RMS - 0O
e

» After last Ge2:

* during 1.5 ms the
neighbors are also hit!

* the farther away from Ge2:
- the later!
- the less intensely !




Ge-Camera counts in the 1.5 ms after last hit on Ge2

* Number of hits in
Ge2’s neighbors just TF.23934F68
after Ge2’s final hit.

Camera
lllumination
for hits with
t=1089-1104

stp 2003 12 10
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Delay between last hit on Ge2 and its neighbour’s hit

* Delay between a Ge-
detectors first hit after
last GeZ2’s hit

* One increase of bubble
size represents 102.4 us

* Propagation of the
effect

at a speed of
~6.¢cm/ 100 us
~600m/s<<c

the propagation is not
a direct electrical signal
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TF.23934F68

Time Delay
for hits with
t=1089-1104
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A previous non-fatal event has been seen on Ge1

 Similar features observed:
- burst on the Ge camera during 2 ms (with 43 hits on Ge1 within 2 ms)
- propagation onto the neighbors (which count less and see the flash later than Ge1)

TF.23934F68

Q Camera

lllumination

for hits with
t=183-204

stp 2003 12 10
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A previous non-fatal event has been seen on Ge1

» Difference:
- Ge1 still alive!
- Ge1 shows no strange behavior during the previous second prior to the flash
- the effect is contained within 2 ms

TF.23934F68

Time Delay
for hits with
t=183-204

stp 2003 12 10
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Missing GeZ2 : impact on the SE-Response

» Simulation: take the Crab observation, strip off Ge2 from ME:
- double ME with Ge2 => SE (without Ge2)
- triple ME with Ge2 => double ME (without Ge2)

Spectrum
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*Original SE spectrum
«Additional events for:

- SE spectrum of Ge0
4__
- SE spectrum of Ge16

SE spectrum of Ge5



Missing GeZ2 : impact on the SE-Response

* At ~150 keV, Ge0’s SE count rate is increased by 1/7 due to the missing Ge2
* No difference in the increase between Ge0 and Ge10
(both neighbors of Ge2, but GeO is in the center, while Ge10 at the edge).
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Last 10 TF in the life of Ge detector n° 2

|nHITperTFdet0. [point 0][val 0.00][mean 0.00][sigma 0.00][lastQ][synch 11
|nHITperTFdet1.[point O0]fval 0.00][mean 0.00][sigma 0.00][lastO][synch 11
|nHITperTFdet2. [point 0][val 4.00][mean 0.00][sigma 0.00][lastQ][synch 21
|nHITperTFdet3. [point 0][val 0.00][mean 0.00][sigma 0.00][lastO][synch 11

|nHITperTFdet6. [point 0][val 0.00][mean 0.00][sigma 0.00][lastQ][synch 11
|nHITperTFdet7. [point 0][val 0.00][mean 0.00][sigma 0.00][lastQ][synch 11
|nHITperTFdet8. [point 0][val 0.00][mean 0.00][sigma 0.00][lastQ][synch 11
|nHITperTFdet9. [point 0][val 0.00][mean 0.00][sigma 0.00][lastQ][synch 11
|nHITperTFdet10. [point O][val 0.00][mean 0.00][sigma 0.00][Iast0][synch1]
|nHITperTFdet11.[point O][val 0.00][mean 0.00][sigma 0.00][Iast0][synch1]
nHITperTFdet12. Iboint Ollval 0.001mean 0.001siama 0.001Mast 0MMsvnch 11
nHITperTFdet13. [point 0][val 0.00][mean 0.00][sigma 0.00][lastO][synch ]]
|nHITperTFdet14. [point O][val 0.00][mean 0.00][sigma 0.00][Iast0][synch1]
|nHITperTFdet15. [point O][val 0.00][mean 0.00][sigma 0.00][Iast0][synch1]
nHITperTFdet16. [point 0][val 4.00][mean 0.00][sigma 0.00][lastO0][synch :k]
nHITperTFdet17. [point O][val 0.00][mean 0.00][sigma 0.00][lastO0][synch ]
nHITperTFdet18. [point O0][val 5.00][mean 0.00][sigma 0.00][lastO0][synch 2]

LVUVUT VL 1/ U.U\/ll(«bllll\/wv\/ucll



Test of ME reduction (gain in words/TF)

| N=f(wc) MEstd. [synch 0] | Nent= 619
Mean = 237.2

* ME reduction algorithm applied. _ | | | | | Mean - 237.
619 Time Frames, Flight Data f f : f : s Under= 0

Ower = 0

rate tuned to be 3 x higher
than now in flight (fO07)

e Distribution of the -

ME word count
in Time Frame

. Original ME size : S ........................ _________________________ _______________________ ________________________ — ________________________
1+2n  words/ME(n) N [ N B '
ie. 5 words/ME(2) 0 50 100 150 200 250 300

7 words/ME(3)

-

350 400
MEwords/TF

Nent= 619
Mean = 122.7
RMS = 20.11

* Reduced ME size : = RS - 20.
3 WOFdS/ME(Z) .................. ........................ ......................... ......................... ................... 0;er= 0
4  words/ME(3) : é z s : : g

* ME-words reduction (mean value) : '
in = 237 MEwords/TF 30— ......................... LE ......................... ......................... ......................... ........................ ........................
out = 123 MEwords/TF
MEwords/TF reduction= - 48% 20—~ ________________________ ________________________ ________________________ ________________________ ________________________
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DPE Tests (performed 2003, July 7-10+Sep 10)  Conclusions

(Some) test results using data form PktAll.000638, chuncks of 1000 SPI TM packets (~ 700 TF) merged
Test 036: 64 TF (fO07: 3 x current rate, Spectra from SE+PE) TEST OK

»« HSL=3KB, PSD correlation on, Spectra on

* ME reduction on, SE line filtering on (5 lines)

» CPU margin: 40% during acquisition, 28% during spectra building, 0% during compression (as always)

Test 037: 31 TF (fO08: 3 x current rate, 10 x Spectra form SE+PE) TEST OK

« HSL=4KB, PSD correlation on, Spectra on

* ME reduction on, SE line filtering on (5 lines)

* CPU margin: 28% during acquisition, 0% during spectra building, 0% during compression (as always)

Test 037: 31 TF (fO08: 3 x current rate, 10 x Spectra form SE+PE) TEST OK

»« HSL=4KB, PSD correlation on, Spectra on

» ME reduction off, SE line filtering off

* CPU margin: 66% during acquisition, 0% during spectra building, 0% during compression (as always)

Conclusions TM reduction is correctly implemented
CPU margin is OK.

Future steps

* DPE software contract is finished, difficult to make further modifications
* DPE IASW Version 4.30 sent to MOC

* In flight tests foreseen in Nov 2003 at MOC

* Documentation of new format to be written

 Decoding to be implemented at ISDC
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SPI Scientific Team Meeting
held in Toulouse, June 12, 2003

SPI in flight telemetry need

SPI data loss due to telemetry limitation
SPI 1n flight telemetry allocation
Solutions by DPE reprogramming

Stéphane Schanne
CEA Saclay / DAPNIA / Bat. 709, F-91191 Gif sur Yvette
Schanne@hep.saclay.cea.fr
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Standard Acquisition without data loss

» SPI data acquired on 15t of November 2002, PktAll.000638, packets 429781 to 444622.
(just before the SPI Activity Card 290)
« nominal SPI configuration (SE, ME, PE, no On-Board-Spectra)
* PST = 140 Packets / 8 s
* no data loss

linput apid pkt count count/8s|
» Packet statistics: spacecraft 0 68 0.43
129 636 4.04

640 447 2.84

SPI-HKt 1024 160 1.02
1025 187 1.19

SPI-PhPh 1088 12604 80.11
SPI-HKs 1120 158 1.00
1121 158 1.00

1122 158 1.00

1123 158 1.00

1124 158 1.00

SPI-total with Spectra off 87.34

» With On-Board-Spectra OFF, SPI needs a TM allocation of 87.5 Packets / 8 s
» With On-Board-Spectra ON, SPI needs up to 92.5 Packets / 8 s (depends on Spectra mode)

 Standard pre-launch TM allocation: 36 Packets / 8 s

2004 01 19 S.Schanne@cea.fr



SPI| TM allocations used and data losses

Source PV Crab GCDE GCDE GCDE now
PktAll reference number 638 723 00:00 764 828 931
observation start date 15/11/02 19/2/03 19:28  3/3/03 6:49 27/3/03 15:51 23/4/03 15:16 7/6/03 13:13
observation duration (s) 1258 40910 63011 54781 51014 42398
pkt/8s pkt/8s pkt/8s pkt/8s pkt/8s pkt/8s
Telemetry allocation 140.00 100.00 59.00 69.00 74.00 98.00
Telemetry use (APID)
1024 CSSW HK 1.02 1.00 1.00 1.00 1.00 1.00
1025 IASW HK 1.19 1.16 1.16 1.16 1.16 1.16
1088 Science Data 80.15 82.27 47.99 58.43 63.78 79.74
1104 Spectra 0.00 0.83 0.85 0.00 0.00 0.00
1120 Science HK1 1.00 1.00 1.00 0.99 1.00 1.00
1121 Science HK2 1.00 1.00 1.00 0.99 1.00 1.00
1122 Science HK3 1.00 1.00 1.00 0.99 1.00 1.00
1123 Science HK4 1.00 1.00 1.00 0.99 1.00 1.00
1124 Science HK5 1.00 1.00 1.00 0.99 1.00 1.00
used packets 87.38 90.30 56.00 65.55 70.94 86.90
unused packets 52.62 9.70 3.00 3.45 3.06 11.10
Science Data loss / PV 0.00% -2.64% 40.13% 27.10% 20.42% 0.51%
< > < > < >
*no Data Loss *Data Loss *no Data Loss
*strong source like Crab Not using ~3 allocated Packets
needs ~3 Packets more (for an unknown reason)

2004 01 19 S.Schanne@cea.fr



SPI Telemetry allocation vs time

100 - 1
S 90 ‘ w I
g %7 | /
o
£ % [ \U e
g o H\/‘T’*L P
o 50
S U I
E 30 U
5 |
0
0 SPI data loss: 20%Spectra ’ 40% 27% 20% 0%
I I I I I I I I I I I I I I I I I I I I I
ANANANANNNDDDODODNDODDDDODOMOOOD
QL0000 9099L9999999
T T AN AN AN T T AN AN ANOOOTSTIT IO O WO O
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Cygnus GPS Crab GCDE
SPI Mode: EE, ME, SP—N:/ §E, ME, PE .
Spectra losses Data losses (data gaps) No data losses
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Reduction of SPI telemetry need
by on board filtering (DPE reprogramming)

* ME reduction (MEr23) by rejection of higher multiplicity ME and compression of Doubles&Triples
* On board removal of detector 19 (PSD inside ME tables)
* From this ME tables keep only:
* Double ME, coded on 3 words with time resolution 409.6 us (instead of 102.4 us)
* Triple ME, coded on 4 words with time resolution 819.2 us (instead of 102.4 us)
» gain = 11.4 TM Pkt/8s

» SE reduction (SEr) by line filtering

» gain < 19.6 TM Pkt/8s Eband lo Eband hi Ewidth| SE/Eband| SE fraction| data-w/TF  data-pkt/8s
0 9000 9000| 558500 100.00% 110.90 33.17
_ 1 21 28 7 21238 3.80% 4.22 1.26
‘we have to decide 2 50 71 21| 156512 28.02% 31.08 9.29
which bands to reject 3 90 106 16 36526 6.54% 7.25 2.17
4 137 144 7 41730 7.47% 8.29 2.48
, 5 193 203 10 73592 13.18% 14.61 4.37
* rejected bands are total selected lines 61| 329598 59.01% 65.45 19.57
still present inside the INUSRURE USSSURINS FNTNISIES NPSMURIS SUUTNIIE NINS NSNS NRUIINS SN SN —
On-Boad-Spectra 10°
(if switched on!) =
* Planning: gl R i g e
» The DPE software company 10°
should deliver soon a version
Of the neW Software .......................
» Tests will be performed at CESR
. . 10
using the SEM and data provided Bl

by CEA.
2004 01 19
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SPI Scientific Team Meeting
held in Garching, April 2, 2003

SPI data loss due to telemetry limitation

Solutions by DPE reprogramming
(1) ME reduction, MEr23 algorithm and performance
(2) SE and PE timing degradation
(3) SE reduction by line filtering

Conclusions

Stéphane Schanne
CEA Saclay / DAPNIA / Bat. 709, F-91191 Gif sur Yvette
Schanne@hep.saclay.cea.fr
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Distributions of the number of Words per Time Frame in

140
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Standard Acq

» SPI data acquired on

15t of November 2002,

PktAIll.000638,

packets 429781 to 444622.

« nominal SPI configuration
* PST =140 Packets / 8 s

* no data loss.
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Standard Data Acquisition

- Statistics for the PhotonPhoton packets:

input data-w/TF datab-w/TF pkt/8s
SE 110.90 111.90 33.47 using: SE block word count (Single Events)
PE 67.17 68.17 20.39 using: PE block word count (PSD Events)
ME 78.98 79.98 23.92 using: ME block word count (Multiple Events)
PC 1.05 2.05 0.61 using: PC block word count (PSD Curves)
datab-total 262.10 78.39
datab-WC 262.60 78.53 using: SE,ME,PE,PC data-block word count
SYNC+OBT+WC 4.06 1.21 using: additionnal words every TF
APID1088-total 266.66 79.75
HKs 5.00 using: count APID1120,1121,1122,1123,1124
HKt 3.00 set to 3 pkt/8s
SPE 5.00 set to 5 pkt/8s
SPI-total with Spectra on 92.75
* Running schemes without reprogramming TM need
* Nominal running mode 92.75 Pkt/8s
* PSD off, all PE in SE tables 85.29 Pkt/8s
* gain 7.31 Pkt/8s
» SE off, keep all SE in the SPE 59.28 Pkt/8s (used in Dec-Feb)

* gain 33.47 Pkt/8s
* loose SE timing (from 102 us we go to ~30 min, loose GRB spectra, etc)
* loose ~20% of the SPE with PST=59 Pkt/8s

* Nominal running mode with SPE off 87.75 Pkt/8s (used since Crab)
 with PSD range a bit shortened, less packets are needed
* but we loose still ~20% of Packets with PST=69 Pkt/8s => many data gaps
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Studied DPE reprogramming solutions
(1) ME reduction (MEr23)

HSL: SE—IME+PE TSP +SP—_ SP——1FOF EOT
v i i1 I8 o
= —— Time
TYP Eltl N WC E = AFEE Energy value (0 if Energy TimeOut)
T T = Event Time since last TimeFrame
SEElt |E (102.4 ps: 11 bit, time unit=2048 CIk)
@ [
@ = AFEE address (0-18) or PSD (19)
Elar E T T dT = Time difference to last SubEIt
MEElt | Sla@l ... .. BHla@ n (5 bit, time unit=1 Clk, accuracy 1 or 2 Clk)
1 B n = number of SubElts in a ME Elt
- ID = Dlsr) identifier word
ID| E P =PSD processed
PE Elt @ (% C = PSD correlation index
@=AFEE address (redundant)
SPElt |E

Algorithm MEr23:
* Inside the DPE, after reception from the DFEE of the HSL for a given Time Frame:
* Loop over all N “Elt” in the ME block (complexity of algorithm ~ N : linear).
* Reclassify triple ME with detector 19 (PSD) as double ME by dropping PSD information
» Keep only double ME and triple ME
* Write the kept ME in a more compact format in the TM output stream:
* by dropping the “dT”, reducing the timing resolution “T”, compressing the “@”
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ME reduction Event-Coding

(version 2 : detector number encoding improved by Tom Skelton, UCSD)

* Double ME
* time resolution 409.6 us (on 9 bits)

» detector encoding with A<B : Encode=(A*(35-A))/2+B
« format : 3 words

A=0..17
0 | T7 (7 time bits Encoded detector numbers A<B
R | T8 | Energy E)of detector A B=(A+1)..18
R | T9 | Energy E of detector B Encode=1..171
* Triple ME
* time resolution 819.2 us (on on 8 bits)
» detector encoding with A<B<C : Encode=(A*(A*(A-51)+866))/6+(B*(35-B))/2+C
» format : 4 words
15 14 13 A=0.16
1 | T5 (5 time bits) Encoded detector numbers A<B<C B=(A+1)..17
R | T6 | Energy E of detector A T
R | T7 | Energy E of detector B C=(B+1)..18
R | T8 | Energy E of detector C Encode=19..987
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ME reduction Performance

« SPI data acquired during the 15t of November 2002, PktAll.000638, packets 429781 to 444622.
» nominal SPI configuration, PST = 140 Packets / 8 s, no data loss.

e Distributions of number of Words/Time Frame :

40

50 100 150

standard ME
mean = 78.37 Words/TF

350

300

250

200

150

100

0 | 50 | 100
“MEr23” (doubles + triples)
mean = 40.85 Words/TF
gain = 11.4 TM Packets/8s

150

“‘MEr2” (doubles)
mean = 30.07 Words/TF
gain = 14.6 TM Packets/8s

« Algorithm Mean Speed : ~ 4.5 us per average ME block on a 800 MHz Pentium Il running Linux.
* If scaling is correct, we could obtain ~ 400 ps on a 10 MHz processor, i.e. 0.3% of TF duration.
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Studied DPE reprogramming solutions
(2) timing degradation

» Degradation of the timing resolution to 125 ms for SE and PE (keeping the Time Frame basis)
« parse the SE & PE tables, drop the timing word “T” for every photon
* reduce the ME table
* need (including SPE) 63.0 Pkt/8s if PSD word kept
55.7 Pkt/8s if PSD word dropped
» Degradation of the timing resolution of the SE to the ms range
» disconnect the PSD
« parse the SE table, group two subsequent SE together if close in time (same “T” for a given resolution)
* reduce the ME table
* need (including SPE) 69.2 Pkt/8s if time resolution = 0.8192 ms
62.7 Pkt/8s if time resolution = 13.1 ms

» Keeping the full 102.4 us timing resolution for SE and PE
* reduce the ME table
* need (including SPE) 81.2 Pkt/8s if PSD word kept
73.6 Pkt/8s if PSD word dropped

We choose finally the last solution with full timing resolution, since we still have in hand one joker!
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* Event Number Distribution

Studied DPE reprogramming solutions
(3) SE reduction by line filtering

in 3 Energy bands

(for SPI nominal configuration)

keV keV SE PE ME
0 300 93.97% 2.29% 3.74%
300 3000 16.92% 56.52% 26.57% S ———
3000 11000 67.78% Nent = 558500 T

31.34%

0.88%

» SE spectrum

in low Energy band

Mean = 103.6

4
10

RMS = 61.12

10°

« SE line filtering 107 B

(5 energy bands) 0o 20 40 60 80 100
gain = 19.6 TM Packets/8s

Eband lo Eband hi Ewidth| SE/Eband SE fraction| data-w/TF  data-pkt/8s
0 9000 9000 558500 100.00% 110.90 33.17
21 28 7 21238 3.80% 4.22 1.26
50 71 21 156512 28.02% 31.08 9.29
90 106 16 36526 6.54% 7.25 2.17
137 144 7 41730 7.47% 8.29 2.48
193 203 10 73592 13.18% 14.61 4.37
total selected lines 61 329598 59.01% 65.45 19.57
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Algorithm: Inside the DPE, after
reception from the DFEE of the
HSL for a given Time Frame:
» Loop over all N “EIt” in the
SE block (linear complexity).
* Reject all events in
the 5 energy bands
(those photons are still
in the SPE).



Conclusions

¢ We do not need to consider solutions where we lose timing information on the SE or PE tables (keep 102.4 us)
e The ME table timing resolution will only be slightly degraded (409.6 us for a double ME, 819.2 us for a triple ME)

¢ Reduction of the ME table:
e gains 11.4 TM packets / 8 s if ME with multiplicities of 4 or more rejected

e gains 14.6 TM packets / 8 s if ME with 3 or more rejected

eIncreases of the DPE CPU load, due to the compression of the ME table, not exactly known but could be small.
¢ Impact on the ground segment (test equipment and ISDC).
¢ will now be implemented in the DPE as soon as possible.

¢ Reduction of the SE table by line filtering:
e gains up to 19.6 TM packets / 8 s out of 33.5 Pkt/8s. (Decision: Which energy bands to reject?)
e dropped events are still in the On-Board-Spectra (if they are kept)
e In the future, by enlarging the rejected energy bands, we can cope with an increased background rate (solar min).
¢ will now be implemented in the DPE as soon as possible.

e Suppression of the On-Board-Spectra:
¢ gains 5.0 TM packets / 8 s, but it seams better to keep them (Decision: Keep all events or SE non vetoed only?)

e Suppression of the PSD information: In order to be able to make unbiased choices whether or not PSD information must be
kept, we need to know in which energy range the sensitivity improvement of the PSD is non-negligible. Furthermore, the list of
scientific objectives in this energy range must be taken into account.

e Suppression of the PSD information (including PSD curves) gains 8.2 TM packets / 8s.

¢ PSD time tag information could be preserved to reduce the AFEE artefact at 1100 — 1600 keV.

‘ With the 2 selected solutions alone, the TM need goes down form 92.75 to 61.75 TM packets / 8s.
Those solutions are currently being implemented
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PV Cygnus GPS Crab GCDE Vela
120 events: PE, ME, Spectra SE, ME, PE
100 losses |(%): (Spectra) 20 0 40 27 20 0
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Nl
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SPI TM allocation (Pkt/8s)
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