
SPI - Integral Jean-Pierre Roques SPI CoI – 8-10 October 2003

SPI HARDWARE STATUS

ramon



SPI - Integral Jean-Pierre Roques

Line 198,4 keV 882,5 keV 1107 keV 1764,3 keV 1778,96 keV 2754 keV
13th – 18th Nov (around rev 10-12) 0 1,82 2,29 2,66 2,90 2,99 4,03

27th Dec – 2nd Jan (rev 25-26) 15 1,79 2,34 2,71 3,03 3,18 4,43
5th – 6th February (rev 38) 28 1,85 2,47 2,83 3,13 3,34 4,66

rev 44-45 0 1,83 2,31 2,65 2,90 3,00 4,04
rev 51 7 1,83 2,31 2,66 3,06 4,01
rev 53 9 1,83 2,34 2,68 3,08 4,11

rev 56-57 12 1,83 2,34 2,69 2,97 3,10 4,15
rev 60-61 16 1,83 2,35 2,70 3,01 3,10 4,17
rev 64-65 20 1,83 2,34 2,73 3,01 3,11 4,23
rev 68-69 24 1,83 2,34 2,72 3,02 3,17 4,29
rev 72-73 28 1,84 2,39 2,75 3,05 3,22 4,30
rev 76-77 32 1,83 2,42 2,75 3,04 3,23 4,39
rev 80-81 36 1,84 2,43 2,78 3,10 3,31 4,46
rev 84-85 40 1,83 2,45 2,79 3,15 3,39 4,65
rev 88-89 44 1,84 2,49 2,81 3,18 3,48 4,72
rev 90-91 46 1,84 2,50 2,83 3,23 3,52 4,84

rev 96-97 (30/07 au 01/08) 0 1,83 2,32 2,69 2,96 3,17 4,29
rev 99-100 3 1,83 2,35 2,69 3,02 3,20 4,29
rev 101-102 5 1,83 2,36 2,72 3,00 3,22 4,28
rev 103-104 7 1,83 2,36 2,72 3,06 3,23 4,35
rev 104-105 8 1,83 2,37 2,72 3,05 3,24 4,38
rev 105-106 9 1,83 2,38 2,73 3,04 3,27 4,40
rev 106-107 10 1,83 2,38 2,73 3,06 3,29 4,40
rev 107-108 11 1,83 2,37 2,72 3,08 3,28 4,38
rev 109-110 13 1,83 2,37 2,73 3,08 3,26 4,39
rev 111-112 15 1,83 2,39 2,75 3,11 3,28 4,45
rev 113-114 17 1,84 2,42 2,76 3,10 3,27 4,49
rev 115-116 19 1,84 2,42 2,77 3,10 3,35 4,56
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1778,96 keV line
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882,5 keV line
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2754 keV line
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1778,96 keV line
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882,5 keV line
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2754 keV line
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• Aim : to be done when GeD reach the same
situation than before 2nd annealing

• Prediction : before end of October
• Procedure change : baking duration 3x36 Hr

or more ?
• Annealing foreseen in November
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The new version of on-board software is ready V4.3.0

New capabilities : possible line filtering (up to 5 region)

possible compression of multiple events

All usual tests have been performed + tests with real science data

This version is delivered to MOC for upload



• Since August no counting rate from FEE57
• Several tests performed but FEE57 still not
working

Failure analysis is in progres : the problem
seems to be around the preamp.

Due to the redundancy concept : no impact on 
scientific data.

More tests to be done during annealing.
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ACS status:
FEE 57 failure investigations
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ACS FEE57 failure
After the radiation belt exit at the beginning of orbit 99   (Aug. 5, 2003 15:30)

Rate meter of FEE57 showed 0 counts ( ~ 3600 cts/1.024 sec nominal value)
Several attempts were performed to reanimate the FEE function   
→ but without success
ACS performance maintained due to redundancy concept (FEE)

Orbit 98
Perigee passage:
ACS HV switched off Orbit 99
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ACS FEE57 failure
ACS redundancy concept:

FEE57, mounted at FEE-position LVS-1-4, is viewing the crystals 
RST-3-3 and RST-4-3  (PMTs: RST-3-3-1, RST-4-3-2)
RST-3-3 is also viewed by FEE58 on LVS-1-5 with PMT RST-3-3-2
RST-4-3 is also viewed by FEE71 on LVS-2-6 with PMT RST-4-3-1

Redundancy concept keeps fully the shielding of the camera

FEE57 FEE58

LVS-2-6
FEE71

RST-3-3RST-4-3
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FEE57 failure investigations
Troubleshooting tests performed 

Test procedure described in the document of Federico Cordero
“INTEGRAL SPI ACS FEE57 Anomaly: Current status and new troubleshooting tests”, 
Aug. 25, 2003

Time period of the test  was between 07:43 and 12:33 (Aug. 27 2003)
Main outcome of the tests is that FEE57 is not generating any veto pulse
FEE57 seems at present unrecoverable

Discussion of the test results with Astrium and Jena Optronik GmbH 
The opinion of Mr Amman, Astrium is that the fault is most probable caused by a 
malfunction of the CSA circuit (analog registration/ processing of the charge pulse).
They don't believe that the malfunction was caused by the HV on/off cycles before 
and after the perigee passage. 

During the test and integration phase the ACS was switched on and off many times, 
comparable (or more) to the number of on/offs in the first year in orbit (which is ~ 100 )

Looking for the history of FEE57 no anomaly (e.g. NCR) was recorded.

Further test are planned during the next annealing of the SPI camera
If FEE57 is not recoverable the HV of this unit will be switched off
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FEE veto generation causality
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FEE functional block diagram
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SPI Scientific Team Meeting
held in Paris, October 08, 2003

TM reduction implemented in DPE
DPE test set-up
Test of SE line filtering, OK
Test of ME reduction, OK
Conclusions

StÈphane Schanne
CEA Saclay / DAPNIA / B‚ t. 709,  F-91191 Gif sur Yvette

Schanne@hep.saclay.cea.fr
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SPI Telemetry allocation vs time
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    Cygnus       GPS         Crab        GCDE

 SPI Mode:          PE, ME, SP-NV    SE, ME, PE

        SPI data loss: 20%Spectra          40%         27%         20%         0%

                            Spectra losses        Data losses (data gaps)          No data losses
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ï TM need in flight 92.5 TM Pkt/8s, allocated now: 98 TM Pkt/8s, but could not be sufficient soon
ï ME reduction   gain = 11.4 TM Pkt/8s

ï Reclassify triple ME with detector 19 (PSD) as double ME by dropping PSD information
ï Keep only double and triple ME
ï Compact format (dropping Dt, reduce timing resolution, compress detector numbers)
ï Format coded inside TM steam by new SYNCH word (2x7670 D48C instead of 2x7670 D48B hex)
ï Double ME (3 words)

ï time resolution 409.6 µs (on 9 bits)
ï detector encoding with A<B :  Encode=(A*(35-A))/2+B

ï Triple ME (4 words)
ï time resolution 819.2 µs (on on 8 bits)
ï detector encoding with A<B<C :  Encode=(A*(A*(A-51)+866))/6+(B*(35-B))/2+C

ï SE line filtering  gain ~<~ 19.6 TM Pkt/8s
ï 5 line can be filtered, the line bounds are programmable individually for each detector
ï inside the Spectra (SE non Vetoed) the 5 lines are still present => line recovery possible

15 14 13 Ö ÖÖÖÖ  10 9   Ö ÖÖÖÖÖ ÖÖÖÖÖ ÖÖÖÖÖ .. 0
1  T5 (5 time bits) Encoded detector numbers A<B<C
R  T6  Energy E of detector A
R  T7  Energy E of detector B
R  T8  Energy E of detector C

15 14 13 Ö ÖÖÖÖÖ ÖÖ ... 8 7 ÖÖÖÖÖ ÖÖÖÖÖ ÖÖÖÖ  0
0  T7 (7 time bits) Encoded detector numbers A<B
R  T8  Energy E of detector A
R  T9  Energy E of detector B

A=0..17
B=(A+1)..18
Encode=1..171

A=0..16
B=(A+1)..17
C=(B+1)..18
Encode=19..987

TM reduction implemented in DPE IASW



2003 10 08 S.Schanne@cea.fr

DPE test set-up

PktAll.1

 Flight-data    Decode-TM    TF-list

PktAll.2

dtm

dtm

Dhsl.1

Dhsl.2

dhsl
merge

Dhsl.m

dhsl
predict
MEred

Text.m

DFEE
SEM DPE SUN

Acq.

Text.nPktAll.n dtm dhsl

diff

Predict result of ME reduction

with new IASW

Merged TF (TFn from 1 togeter with TFn from 2)
Recreate spectra (using data from SE+PE,
  blow up spectra by x1 or x10).
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Tests of SE line filtering
ï SE line filtering tested, OK!
     63 Time Frames, Flight Data
     
     rate tuned to be 3 x higher
     than now in flight (f007)

ï ADC channel spectrum

ï 5 Energy bands used:

         ADC        keV
  147 - 199   21 - 28
  362 - 518   50 - 71
  659 - 777  90 -106
1008-1059 137-144
1423-1497 193-203

ï SE reduction measured:
      in = 10422 SE
      out = 4346 SE

      SE reduction= - 58%
      = SEwords/TF reduction

ADC

ADC



2003 10 08 S.Schanne@cea.fr

Test of ME reduction (loss of events)
ï ME reduction tested : OK!
     62 Time Frames, Flight Data
     
     rate tuned to be 3 x higher
     than now in flight (f007)

ï Distribution of the 
   number of hits in ME

ï ME reduction :
  -reclassify ME(3) with PSD as ME(2)
  -reject all remaining ME(3,4,5Ö )
      in   = 2570 ME
      out = 2421 ME 
      ME reduction= - 5.8%
  

n

n
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Test of ME reduction (gain in words/TF)
ï ME reduction algorithm applied.
     619 Time Frames, Flight Data
     
     rate tuned to be 3 x higher
     than now in flight (f007)

ï Distribution of the 
   ME word count
   in Time Frame

ï Original ME size :
      1 + 2 n      words/ME(n)
       i.e.   5      words/ME(2)
               7      words/ME(3)

ï Reduced ME size :
      3      words/ME(2)
      4      words/ME(3)

ï ME-words reduction (mean value) :
      in  =   237 MEwords/TF
      out = 123  MEwords/TF
      MEwords/TF reduction= - 48%

      
  

MEwords/TF

MEwords/TF
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(Some) test results using data form PktAll.000638, chuncks of 1000 SPI TM packets (~ 700 TF) merged
Test 036: 64 TF (f007: 3 x current rate, Spectra from SE+PE) TEST OK
ï HSL=3KB, PSD correlation on, Spectra on
ï ME reduction on, SE line filtering on (5 lines)
ï CPU margin: 40% during acquisition, 28% during spectra building, 0% during compression (as always)

Test 037: 31 TF (f008: 3 x current rate, 10 x Spectra form SE+PE) TEST OK
ï HSL=4KB, PSD correlation on, Spectra on
ï ME reduction on, SE line filtering on (5 lines)
ï CPU margin:  28% during acquisition, 0% during spectra building, 0% during compression (as always)

Test 037: 31 TF (f008: 3 x current rate, 10 x Spectra form SE+PE) TEST OK
ï HSL=4KB, PSD correlation on, Spectra on
ï ME reduction off, SE line filtering off
ï 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
ï DPE software contract is finished, difficult to make further modifications
ï DPE IASW Version 4.30 sent to MOC
ï In flight tests foreseen in Nov 2003 at MOC
ï Documentation of new format to be written
ï Decoding to be implemented at ISDC

DPE Tests (performed 2003, July 7-10+Sep 10)      Conclusions



CHARACTERIZING the EFFECTS 
OF RADIATION DAMAGE 

BEFORE AND AFTER the 2nd

ANNEALING USING the PSD
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MOTIVATION

● SPI is subject to strong radiation in space, 
and the performance of the detector 
suffers from hole trapping caused by the 
radiation damage. Annealings are applied 
to get rid of hole traps. 

● The aim of this study is to show how the 
effects of radiation damage evolved after 
the first annealing, and  to compare the 
improvement after the 1st and 2nd

annealing.
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OUTLINE

●Introduction
● Using PSD TTP to characterize hole trapping effects
● Correction

●Results
● Evolution of   'peak channel vs. TTP' curve after the 

first annealing 
● Comparison before and after the 2nd annealing
● Correction
● Comparison between the first and second annealing

●Conclusion 
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PSD word and radiation damage
● PSD data word contains   

the TTP of the two best 
fit pulses and their 
relative amplitudes. The 
weighted average of the 
time to peak for each 
event is representative 
of the radius of 
interaction.           
<TTP> = a1 TTP1 + a2
TTP2 

● Charge collection is 
affected by hole 
trapping, which is a 
strong function of 

slope � ballistic deficit

inner bore outer edge

After severe radiation damage
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PSD Correction

● In principle,as long 
as the line shift as a 
function of radius is 
known, the spectrum 
can be corrected to
● Help maintain

Gaussian shape

● Reduce line width

● Replace source 
counts in the line
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Evolution after the 1st annealing

We characterized the 
effect of radiation 
damage in three 
epochs in between
annealings:

March 24-25 (Rev 54-
55)

May 10-13 (Rev 70-71)
July 12-15 (Rev 91-92)
and after the annealing
Aug 14 (Rev 102)
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EPOCH 1, Rev 54-55
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EPOCH 1 (Rev 11) and EPOCH 2 (Rev70-71)



SPI Sc. Team Meet.
10/07/2003

EPOCH 1 (Rev 54-55), EPOCH 2 (Rev 70-71), and 
EPOCH 3 (90-91) just before annealing
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AFTER ANNEALING (Rev 102) 

● Annealing 
reduced the 
hole trapping, 
smoothed out 
the curve…
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CORRECTION
● For the worst case 

(Det. 10) 
correction is 
significant , 1.13
keV in quadrature.

● The average 
correction is  0.81
keV.

● The average gain 
in FWHM before 
and    after the 
annealing is 0.97
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Det. 13, no improvement?
● No visible 

improvement, 
also, the 
FWHM before 
the annealing 
is greater than 
after the 
annealing.
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Comparison between the first and 
the second annealing

● The average improvement in the FWHM is 
similar.

● For the first annealing, there was not any 
strong variation in the improvement for 
individual detectors, except, Det. 15. The 
second annealing shows very strong 
improvement for some detectors, little for 
others.
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CONCLUSION
● The evolution of the effect of the radiation 

damage  can be monitored using the PSD event 
word data.

● The improvement in charge collection after the 
second annealing is clearly observed for most of 
the detectors.

● Significant improvement in FWHM could be 
obtained using a correction based on the TTP 
information from the PSD.

● PSD can help maintain the spectral line shapes 
and narrow widths between annealings.

● Need to understand the cases with little 
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What is up with the 
lowest TTP ?

A geometrical 
effect!

The electric field is 
very strong at the 
upper part of the 
detectors, above 
the bore, 
therefore the TTP 
is lower, but the 
effect of hole 
trapping is 
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INTRODUCTION

Energy calibration determination using GeD temperature :

Objective : find a determinist law between the calibration fonction and
the temperature of the detection plan.

Why : because we know that the size of the forbidden band of
the Ge is a function of its temperature.
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INTRODUCTION : method

-Data : consolidated data revolution 43 to 90.

-Summed spectrum of 1 days :  good compromise between data gap ,statistic and
temperature variation

-Fit a set of line ( 139keV, 198keV, 310keV, 439keV, 883keV, 1107keV ) for each
detector and each summed spectrum

-Compute the average temperature for the spectrum.
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INTRODUCTION : typical temperature variation

Cold plate temperature = f(time), revolution 43 to 90

ISDC days

°K

Long time drift between two
configuration of the cryo cooler

Cryo cooler configuration

Two kind of structure :

83

84

85

86
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Raw results

Possible model :

Position = a1 + a2 *t°

883 keV
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Linear model with temperature : position = a1 + a2 *t°

Presence of another unexplained effect

Real position

Predicted position
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Linear model with temperature and time : position = a1 +a2*t°+a3*time

Position vs model = f(det,time), line 198 keV
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Residuals for a model linear with time and temperature

Residuals < 0.2 channel ~ 0.03 keV @ 198keV

Residuals between real position and model @ 198 keV revolution 43 to 90
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Residuals for a model linear with time and temperature

Residuals < 0.5 channel ~ 0.07 keV @ 1107keV

Residuals between real position and model @ 1107 keV revolution 43 to 90
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Temperature dependence of the gain as a function of the energy and detector

Energy from 0 to 1200 keV
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Energy from 0 to 1200 keV
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Time dependence of the gain as a function of the energy and detector
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Prediction of the calibration 

Data gaps ~ 40 days
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Residuals for a model linear with time and temperature + data gaps

Residuals < 0.2 channel ~ 0.03 keV @ 198keV

Residuals between real position and model @ 198 keV revolution 43 to 90
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Residuals for a model linear with time and temperature + data gap

Residuals < 1 channel ~ 0.15 keV @ 1107keV

Residuals between real position and model @ 1107 keV revolution 43 to 90
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Study of the revolutions 97 to 116

Cold plate temperature, revolutions 97 to 116

84
84,2
84,4
84,6
84,8

85
85,2
85,4
85,6
85,8

86

97 102 107 112 117

revolution

°K

∆T~0.6°K

Duration : 60 days

Spectrum summed on one orbit
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Study of the revolutions 97 to 116

Revolution 43 to 90 Revolution 97 to 116
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Conclusion

We have found a determinist law between calibration, time, and temperature.

Origin of the time factor : degradation of the detector plan, electronics ??

Next step : test the model with and without the time dependence factor in order
to see if the degradation is the origin of the factor

Utilisation of the law : - during the cryo cooler configuration

- everytime/never
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�� Used until now for CESR 511 keV, 1809 keV and Used until now for CESR 511 keV, 1809 keV and 6060Fe analysisFe analysis
�� Calibration lines :Calibration lines :

438.634 ± 0.018 keV 438.634 ± 0.018 keV 69m69mZn(IT)Zn(IT)6969ZnZn
1107.01 ± 0.06 keV1107.01 ± 0.06 keV 6969Ge(EC)Ge(EC)6969GaGa
1778.969 ± 0.012 keV1778.969 ± 0.012 keV 2828Al(Al(��--))2828SiSi
2223.255 ± 0.004 keV2223.255 ± 0.004 keV 11H(n,H(n,��))22DD
2754.01 ± 0.01 keV2754.01 ± 0.01 keV 2424Na(Na(��--))2424MgMg

�� Calibration functions : linear (low and high range)Calibration functions : linear (low and high range)
�� Calibration timeCalibration time--scale : once per revolutionscale : once per revolution
�� Problems :Problems :

-- only valid above ~ 400 keVonly valid above ~ 400 keV
-- not applicable for multiples not applicable for multiples 



•• ECEC--lines too high (+L contribution)lines too high (+L contribution)
•• EC+K lines incompatible with EC+K lines incompatible with ��-- lineslines

•• ECEC--lines broadenedlines broadened
•• Calibration 0007 linesCalibration 0007 lines

broadenedbroadened



�� Find a set of lines and calibration functions for the low and hiFind a set of lines and calibration functions for the low and high gh 
energy range that may be used over the entire energy range and energy range that may be used over the entire energy range and 
for all event types ( SE, ME2 and ME3 )for all event types ( SE, ME2 and ME3 )

�� Build on work of P. Paul ( and probably others … )Build on work of P. Paul ( and probably others … )
�� New approach : New approach : use ME2 and ME3 to validate absolute energy use ME2 and ME3 to validate absolute energy 

calibrationcalibration
( only if the absolute energy calibration is correct, the fitted( only if the absolute energy calibration is correct, the fitted
line position for SE, ME2, and ME3 is identical ! )line position for SE, ME2, and ME3 is identical ! )

�� List of considered lines ( don’t use broadened lines such as e.gList of considered lines ( don’t use broadened lines such as e.g. . 
EC lines ) :EC lines ) :
23.4 (ME), 139.68, 175.0 (ME), 198.37, 438.64, 584.54, 882.51, 23.4 (ME), 139.68, 175.0 (ME), 198.37, 438.64, 584.54, 882.51, 
1014.4, 1347.1, 1368.6, 1764.4, 2223.4, 2754.01014.4, 1347.1, 1368.6, 1764.4, 2223.4, 2754.0



��

•• linear relation cannot fit linear relation cannot fit 
low energy partlow energy part

•• parabola (or higher degree) is better,parabola (or higher degree) is better,
yet cannot fit the data either ( manyyet cannot fit the data either ( many
line combinations tested … )line combinations tested … )



22

•• 1/C law provides reasonable fits1/C law provides reasonable fits •• 1/C1/C22 law leads to lowlaw leads to low--energyenergy
«« instabilityinstability »»



•• 23.44 & 174.95 cascade23.44 & 174.95 cascade
lines from lines from 71m71mGe(IT)Ge(IT)7171GeGe

•• two lines in ME spectrumtwo lines in ME spectrum
•• sum (198.39) line in SEsum (198.39) line in SE

spectrumspectrum
•• Yet, the 3 data pointsYet, the 3 data points

cannot be fit by acannot be fit by a
smooth function !smooth function !
(174.95 (174.95 -- 198.39 conflict)198.39 conflict)



•• ME2/3 too low w/r to SEME2/3 too low w/r to SE
( ~1000 keV )( ~1000 keV )

•• ME2/3 too high w/r to SEME2/3 too high w/r to SE
( ~ 400 keV )( ~ 400 keV )



•• 23.438 keV23.438 keV
•• 198.392 keV198.392 keV

•• 309.88 keV309.88 keV
•• 584.537 keV584.537 keV

•• 882.507 keV882.507 keV
•• 1764.36 keV1764.36 keV

•• 2223.255 keV2223.255 keV
•• 2754.01 keV2754.01 keV











�� Low range : E(C ) = aLow range : E(C ) = a00/C + a/C + a11 + a+ a22 C + aC + a33 CC22

23.438, 198.392, 309.88, 584.537, 882.507, 1764.36023.438, 198.392, 309.88, 584.537, 882.507, 1764.360
�� High range : E(C ) = aHigh range : E(C ) = a00 + a+ a11 CC

2223.255, 2754.0102223.255, 2754.010
�� Validated over 140 Validated over 140 -- 2750 keV range2750 keV range
�� Relative accuracy : ~ 0.01 Relative accuracy : ~ 0.01 -- 0.02 keV0.02 keV
�� Absolute accuracy : ~ 0.1 keV (worst around 400 keV)Absolute accuracy : ~ 0.1 keV (worst around 400 keV)

511 keV : ~ 0.15 keV511 keV : ~ 0.15 keV
847 keV : < 0.05 keV847 keV : < 0.05 keV
1173 & 1333 keV : < 0.05 keV1173 & 1333 keV : < 0.05 keV
1809 keV : ~ 0.1 keV1809 keV : ~ 0.1 keV
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Calibration and IRF Issues

Chris Shrader 

Laboratory for High-Energy Astrophysics

NASA Goddard Space Flight Center
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IRF Calibration Corrections

• Recall that IRFs are corrected for:
– mask transmission, 

– detector-to-detector variations and 

– photo-peak efficiencies

• Photo-peak efficiency corrections, 
– 1-D interpolation onto E grid, for each multiplicity

• However, no points below 59.5 keV 
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IRF Calibration
• Last time it was noted 

the IRF was poorly 
calibrated at low E

• CEA+GSFC working 
group formed to 
explored options

• 2 approaches were 
considered:
– assume extrapolation of 

the Crab PL to low E

– revisit BLC data (i.e. Am 
Ba lines below 60 keV)
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IRF Calibration

Ratio of Crab data to 
best-fit power-law 
model above ~40 keV 
for SPIROS (black) 
and XSPEC-12 (red) 
analyses. A 
preliminary set of 
IRFs corrected on the 
basis of this curve 
were generated and 
given to ISDC
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IRF Calibration

On-axis, total 
efficiency. Blue 
is uncorrected 
IRFs. Data 
points are 133Ba 
and 241Am 
measurements 
from CEA. Red 
curve is the re-
calibrated IRF.
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IRF Calibration

• The consensus was to adopt -calibration based  
BLC measurements, rather than making any 
assumptions about the Crab spectrum

• Consequences:
– The best fit Crab spectrum is no longer a single PL

– The “definitive” IRFs were not included in the OSA 2 
release (but were posted shortly afterwards)
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Remaining Calibration Issues

• There are some substantial flux discrepancies 
(based on mainly on Crab analysis) between:
– SPI and other instruments

– SPIROS and XSPEC-12 

• Also, evidence for discrepancy between rev 44 
and 102 
– F102 < F44, but questionable statistical significance

– but point-to point fluxes systematically lower

• Reduction in detector efficiency?
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Comparison With Other 
Instruments

The SPI/SPIROS results seem to be inconsistent with previous 
instruments, and IBIS. 
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Comparison With Other 
Instruments

The SPI/SPIROS results seem 
to be inconsistent with previous 
instruments, and IBIS*. Recall 
(last meeting) that tests with 
simulated data indicated that 
SPIROS flux determinations 
were ~15-20% high. Note that 
all these flux determinations 
are based on “average” single 
PL fit for various instrument 
data sets (or published vales for 
GRIS). Relatively low, narrow 
Energyband was selected to 
facilitate comparisions.
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Crab Analysis

6.67e-9Yes2.1210.0YesFlight
7.35e-9No2.1412.0YesFlightXSPEC-

12

8.61e-9Yes2.1212.9YesFlight

5.34e-92.128.0Model
5.40e-9Yes2.128.1YesSim
5.36e-9No2.117.7YesSim
5.60e-9Yes2.128.4NoSim
5.61e-9No2.076.8NoSimXSPEC-

12

6.22e-9Yes2.129.3YesSim
6.36e-9No2.088.2YesSim
6.22e-9Yes2.129.3NoSim
6.35e-9No2.057.1NoSimSPIROS

8.56e-9No2.1514.3YesFlightSPIROS

Flux 50-
100

Index
Fixed?

IndexNorm.BKGDataMethod.
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Off-Axis Calibration

The rev  0045 Crab data 
included ~5 scw’s ~14-deg off 
axis. As previously noted by 
Gerry, there is an apparent 
normalization discrepancy in 
comparison to larger, ~on-axis 
data sets. This figure depicts 
the rev 0045 off-axis data 
(lower curve) and 5 SCWs of 
rev 0044 on-axis (within ~5o). 
Interpretations are clearly 
limited by statistics, but there 
seems to be an energy-
independent effect.



C. Shrader,  Laboratory for High-Energy Astrophysics,  NASA/GSFC     - October 2003 SPI/ISDAG Meeting 12

Off-Axis Calibration

This graphic illustrates schematically the rev 0045 off-axis 
observation viewing geometry. The point is that the 
observatory was oriented such that there was no occultation 
effects from the IBIS or Jem-X masks.
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Off-Axis Cal: Simulated Data

• Simulations were performed using the pointing 
and exposure information from the real 
observations for the 5 rev0045 off-axis SCWs

• The flux determination and spectrum resulting 
from SPIROS analysis of the simulated data 
were equivalent (within statistics) to the rev 
0044 comparison data. 
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Off-Axis Cal: Simulated Data

• The data suggest an IRF problem at large off-
sets, but
– the lack of statistics limits conclusions one can 

make about possible absorbing materials

– a much longer observation, sampling a range of 
viewing geometries would be needed to 
characterize the problem (e.g. for an empirical fix)

• Thus, this may fall onto perennial “back 
burner” 
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Things To Do

• Calibrate correction factors to SPIROS RMF
– this was done once prior to launch, but maybe 

should be revisited

– if the correction is to be applied as a SPIROS 
“arf”, than another interpolation tool is needed

• Is an efficiency correction needed to account 
for the apparent differences in 44 & 102 
measurements?

• Off-axis IRF problem(?) may be difficult to 
address
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SPIROS

Limitations and ‘Features’

G.K.Skinner 8-oct-2003

• At what level of significance can one believe a ‘detection’ ?

• Does Spiros find non-existent ‘hard-tails’ ?

• Operation in the presence of strong sources

• Distribution of spurious sources over the field of view



G.K.Skinner    SPI Co-I  Oct 2003

Significance needed for given confidence level 
as a function of the number of independent pixels in the image

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0.0 1.0 2.0 3.0 4.0 5.0

Confidence level required (true sigma) n'�

A
pp

ar
en

t s
ig

m
a 

ne
ed

ed
 n

1 pixel

50 independent pixels

250 independent pixels

1000 independent pixels

0.10%

0.01%

0.001%

0.10%
0.01%

0.001%

            



G.K.Skinner    SPI Co-I  Oct 2003



G.K.Skinner    SPI Co-I  Oct 2003

Bad BG model



G.K.Skinner    SPI Co-I  Oct 2003
1.E-08

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

10 100 1000 10000

Energy (keV)

Does Spiros find non-existent ‘hard-tails’ ?

Possible reasons for apparent hard tails

1) Misleading plots

Errors underestimated
Log scale – negative points not plotted
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Does Spiros find non-existent ‘hard-tails’ ?

Possible reasons for apparent hard tails

2) Bias when Chi-squared statistic wrongly used

Low mean counts per bin

Some bins have zero counts, therefore zero variance

Spiros ignores bins with zero variance

Bins which happen to be below the mean are preferentially ignored

Bias towards high values Possible fixes : 
Spihist to replace zero variance by X
Application to patch events file 0->X
Spiros to use X instead of zero variance

X either a constant or based on other
detector rates and/or other pointings
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