






Energy resolution according to the high voltage for the 
1117.3 keV line
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Energy resolution in keV for high voltage at 4 kV
(3 kV for the 15)
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Detector distribution for the 1117.3 keV line
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Energy resolution according to the energy of the peak
detector 0 to 9

1,5

2,5

3,5

4,5

5,5

6,5

7,5

8,5

0 1000 2000 3000 4000 5000 6000 7000 8000

peak energy in keV

resolution in keV
0 1 2 3 4

5 6 7 8 9



1,5

2,5

3,5

4,5

5,5

6,5

7,5

8,5

0 1000 2000 3000 4000 5000 6000 7000 8000

peak energy in keV

resolution in keV
10 11 12 13 14

15 16 17 18

Energy resolution according to the energy of the peak
detector 10 to 18



Peak position according to the temperature
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Status of ACS
→ after launch
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Summary: ACS Status
after LEOP and Commissioning Phase 

26. Oct. 2002 7:30 UT: ACS “first-light”  ⇒ switch on of HV
Low mean ACS  temperature:  0° − 8° C

lower compared to temperature during ground calibration ~ 25° C
leads to higher light yield of BGO crystals (~25%)
adaptation of ACS energy thresholds at 100 keV, 150 keV, 200 keV and 300 
keV to the higher light yield by reduction of FEE threshold level by 25 %.
mean ACS threshold below 100 keV possible: 75 keV

ACS thresholds tuned
Thresholds of  FEEs with large count rate deviations compared to FEEs
connected to crystals of the same size have been tuned 
This was necessary in 10 cases (FEE: 5, 6, 51, 54, 58, 66, 82, 83, 88, 89)

Leakage of ACS after overrange events tested
overrange veto rate ~ 5000 cts/s
after reducing HV (→ gain reduction of 0.5) no decrease of Ge detector count 
rate observed
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Summary: ACS Status 
after LEOP and Commissioning Phase

Veto and overrange veto length tuned (DFEE settings)
Only minor improvements are possible

ACS calibration 
stepping through  32 of the 64 FEE energy threshold levels
No clear features in differential spectra observed
Input for simulations: determination of the  relation between the 
commanded threshold and the real mean energy

PSAC on/off tested
reduction of 511 keV line observed ~ 8 % (preliminary)
reduction of 198 keV ~ 3% (not expected)

One BGO-off tested (two FEEs masked)

Influence of ACS thresholds on background
Best global ACS threshold setting: 75 keV 
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Summary: ACS Status 
after LEOP and Commissioning Phase

Observed anomalies:
Anomaly report INT-002023: ACS status error

ISB transmission error, FEE configuration error, FEE rate meter error → for 
several FEEs observed by SPI-EGSE
But all ACS PMTs are behaving nominally (count rates!)

Timing of the ACS overall counter
First 3 countrates in each 1025/1/5-packet are shifted by 8 s

Spikes in the overall counter rate
Sudden  increase of overall count rate

• by a factor of ~ 1.5 of mean count rate 
• only one bin affected 
• Frequency ~ 4 times per hour 

Not visible in the single FEE counters 
Difficulty for automatic ACS burst search

All anomalies  currently investigated by Astrium

All anomalies uncriticall for the ACS operation
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Activities during LEOP and CP with ACS involved: 

• LEOP SPI- 12 Subassembly Activations 
• LEOP SPI- 20 S/A Configuration Upload / Functional Test with Hot Detectors (ACS HV PMT switch on)
• LEOP SPI- 31 Subassembly Software Dumps 
• LEOP SPI- 40 ACS Event Trigger Threshold Checks
• LEOP SPI- 50 ACS Calibrations
• LEOP SPI- 70 First Tuning of the ACS FEE Count Rates
• LEOP SPI- 80 Influence of the Dead Time of the Saturating Extension 
• LEOP SPI- 90 Influence of the different ACS sections on the dead time 
• CP SPI- 274 Internal SPI timing optimisation - Veto pulse and AFEE TT alignment 
• CP SPI- 278 Internal SPI timing optimisation - Veto pulse sent to PSD alignment 
• CP SPI- 290 Influence of ACS thresholds on the background 
• CP SPI- 300 Influence of the extension of the saturated events on the background 
• CP SPI- 310 Influence of the ACS + PSAC parameters on the sensitivity - ACS best configurations 
• CP SPI- 314 Influence of the ACS + PSAC parameters on the sensitivity - PSAC effect on the sensitivity 
• CP SPI- 318 Influence of the ACS + PSAC parameters on the sensitivity - ACS+PSAC final configuration 
• CP SPI- 320 Measurement of the background with one ACS BGO inactive 
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LEOP-SPI 20:
S/A Configuration Upload (ACS HV PMT switch on) 

26. Oct. 2002 7:30 UT: ACS “first-light” !
First: switch on of HV of FEE 0, 18, 36 54 (one of each ring)
20 min later switch on off all FEEs

All FEEs are working !

No anomaly observed !

UCR:
single FEE countrates
• FEE 6 countrate too low
→ PMT coupling to BGO 
changed ?
→ Tuning needed (AC SPI-70)
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First 31 days: ACS temperatures

T-Range:

PSAC:
-5° − 3° C

ACS-BGOs:
0° − 8° C

~25 % higher
gain compared to
ground calibration
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LEOP-SPI 50:
ACS Calibrations

ACS Calibration was commanded 46 times !
FEE rate meters set to 2 sec 
Result used for tuning of FEE energy thresholds

ACS “dynamic” range from 100 keV to maximal level of energy threshold
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LEOP-SPI 50:
ACS Calibrations

LCR Integral Spectra
dependence of FEE veto  count rate on the commanded energy threshold level (0-64)
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LEOP-SPI 50:
ACS Calibrations

LCR Differential Spectra
Differences between neighbouring channels of the integral spectra 
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LEOP-SPI 70: 
Tuning of the ACS FEE Count Rates and thresholds

Tuning of SSA next test:
SPI-80 with 

untuned thresholds
100 keV

untuned / tuned 150keV  200keV   
Tuned

       300 keV
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CP-SPI 290:
Influence of ACS thresholds on the background

Description: check for influence of energy threshold of individual 
ACS sections (UCR, LCR,…) on detector background

- first step: all ACS thresholds at 100 keV
- second step: change one ACS section to other threshold value
- ACS section 1 at 75 keV
- ACS section 1 at 150 keV
- ACS section 2 at 75 keV
- …
- ACS section 6 at 150 keV

Initially other threshold levels were planned
- 100 keV, 150 keV, 200 keV, 300 keV
- change proposed by Pierre Jean

1
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5
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LVS

SSA

LCR

UCR

PSAC
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Orbit 5 to 6:
Entrance into the radiation belts

Initial setting of BCPKT - “radiation belts entry” → ~ 45000 km !
ACS HV ~ 6.5 hours off !

~ 66500 km

~ 46000 km

ACS HV off
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Orbit 12 to 13:
Entrance into the radiation belts

New value of BCPKT - “radiation belts entry” → ~ 67000 km !
ACS HV ~ 9 hours off !

~ 66500 km

ACS HV off
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ACS leakage test
no leakage detected

dead time: ~  13.5 %
~    7 %

ACS rate:  - 4.5 %

GE-8 rate:  +  4.5 %                  GE-8 rate:  - 13 %                  

ACS overrange veto rate

ACS vetos  / s

ACS vetos / 50 ms from VCU

ACS HV reduced
→ gain 50% lower 
ACS energy threshold levels reduced by 50 % 
→ ~ same ACS energy threshold of ~ 100 keV as before

ACS overrange veto length changed 
→ From 5.6 µs to 53.6 µs
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ACS leakage test:
large solar activity started during test

ACS overrange veto rate

ACS veto rate

ACS HV reduced
→ gain 50% lower 
ACS energy threshold levels reduced by 50 % 
→ ~ same ACS energy threshold of ~ 100 keV as before
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LEOP-SPI 320:
Measurement of the background with one ACS BGO inactive

Detector-Plane:
BGO SSA-2-6 active shielding on/off
(1) FEE 46,47 veto enable
(2) FEE 46,47 veto disable (masked !)

Z  (IBIS direction)
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LEOP-SPI 320:
Measurement of the background with one ACS BGO inactive

SSA-2-6 on SSA-2-6 off

Z  (IBIS direction)
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LEOP-SPI 320:
Measurement of the background with one ACS BGO inactive

Detector-Plane:
BGO SSA-2-6 active shielding on/off
(1) FEE 46,47 veto enable
(2) FEE 46,47 veto disable (masked !)

Z  (IBIS direction)
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12 11 10
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Y
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ACS FEE count rates during orbit 18: ACS “nominal” 

Orbit 18:ACS Calibration was commanded 46 times !
FEE rate meters set to 2 sec 
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ACS FEE count rates during orbit 18: ACS “nominal” 

Orbit 18:ACS Calibration was commanded 46 times !
FEE rate meters set to 2 sec 
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ACS FEE count rates during orbit 18: ACS “nominal” 

Orbit 18:ACS Calibration was commanded 46 times !
FEE rate meters set to 2 sec 
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ACS FEE count rates during orbit 18: ACS “nominal” 

Orbit 18:ACS Calibration was commanded 46 times !
FEE rate meters set to 2 sec 



09.01.2003SPI Co-Is Meeting - CESR-Toulouse           Andreas von Kienlin MPE 24

ACS FEE count rates during orbit 18: ACS “nominal” 

FEE “count rate distribution”
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Jürgen KNÖDLSEDER

C.E.S.R. (Toulouse)



Activity Title Modified
SPI-012 Subassembly activati ons no
SPI-020 S/A configurat ion no
SPI-031 Subassembly software dumps no
SPI-110 PSD threshold adjustment sto pped at  FET=6
SPI-201 Pure PSD events analy sis yes
PI-OPS-130 PSD ULD blocking t est replaced SPI-240
PI-OPS-131 PSD soft ware threshold tes t replaced SPI-240
PI-OPS-132 PSD time window test replaced SPI-240
SPI-250 PSD and AFEE threshold calibra tio n no
SPI-280 PSD calibrati on (1st s tep) no
SPI-330 PSD calibrati on (2nd st ep) twice
SPI-340 PSD re-configurat ion no yet  executed



Method :
• measure fraction of pure PSD events and compare to total PSD trigger rate

Results :
• 55 - 70 % of the PSD triggers are noise triggers
• pre-amplifier clamping-off considerably increases noise triggers (55 � 70 %)
• fraction of dropped events (PSD - DFEE communication) negligible (< 0.01 %)
• total trigger rate well below 1 kHz (300 - 500 Hz)



Method :
• compare number of single-detector events (SE) in the PSD energy range to the

number of PSD events (PE)

Results :
• PSD efficiency increases with 

decreasing front-end trigger 
(FET) threshold

• Best PSD setting : 
FET = 6
LLD = 3
TW = 0 
� ~ 85 % (400 - 2600 keV)



Method :
• 24 hours data taking in SPI calibration mode
• lower energy threshold ~800 keV to optimise on good signal-to-noise pulses
• nominal HV (4 kV for all detectors except of #15 @ 2.5 kV)

Results :
• best libraries obtained using pulse filtering 

(only use pulses that are fit by a template pair with peak spacing ≤ 10 ns)
• build (and uplink) two libraries (can be switched by telecommand)

Set 0 : detector averaged templates (use det. 0, 2-5, 9, 14, 16-18)
Set 1 : individual templates for each detector



Method :
• optimise PSD discrimination on maximising the sensitivity improvement for

instrumental background lines
(310, 511, 584, 844, 1107, 1117 keV)

Results :
• SI in energy range 

500 - 1100 keV
• SI above 10 - 30 %
• Maximum SI around 800 keV 

(15 - 40 %)
• Localised beta fraction @ 700 keV :

0.80 ± 0.05



SPI Co-Is  Meeting -9 - 10, January 2003 - CESR Toulouse - C. Larigauderie

Integral Spectrometer
IASW 

10 anomalies opened in flight

3 closed at the MCRR

5 for CSSW/IASW

•1 corrected in IASW 4.1.0 INT-002098: Unexpected dithering 
process when SPI spectra accumulation = 0
•1 to be proposed to close “use as is” INT-002099: SPI1 periodic 
task overrun
•3 under investigation with the support of Mike Rennie (including 
the TM slot lost)
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Integral Spectrometer
IASW 

3 Change Request to be implemented in next IASW version 4.1.0 
(base software)

•CR 558: for MOC, class of OEM start/stop spectra building, 
compression... from exception to event
•CR 559: covers the anomaly INT-002098: Unexpected dithering 
process when SPI spectra accumulation = 0 (necessary because not
an IASW specification!)
•CR 560: implementation of the “start-pointing memory” in order 
to be dithering and slew duration independent. This mechanism 
will allow to “keep in memory” that a new pointing was required 
during compression, allowing a new building as soon as 
compression is finished.
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Integral Spectrometer
IASW 

2 other CR to be implemented and tested on this base:

•CR 561: compression optimisation. This study is done with the 
support of CESR and CNES (B. Pontet)
•CR 562: change of spectra priority

Status: The base is implemented, the “start-pointing memory” is 
not OK, discovered yesterday in the first test. Once it is solved, an 
ESA CR will be submitted to CCB. Co-ordination required 
between CNES/MOC/ISOC for this new version upload!

The 2 other CR should be implemented next week. It is expected to 
have a final version before the 27th of January.



Roland Diehl
SPI Mtg Jan 2003 @ CESR

ISDAG Status & Issues SummaryISDAG Status & Issues Summary

•• MeetingsMeetings
– Informal, on 8 Jan 2003 3-7pm
– Discussion of Technical/Software/Algorithm/Data Details 

(else overlap with Co-I Mtg)

•• “ISDAG Items”:“ISDAG Items”:
–– PV Data AnalysisPV Data Analysis
–– ISSWISSW
–– Other Analysis Tools & IssuesOther Analysis Tools & Issues
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ISDAG Status & Issues Summary (1)ISDAG Status & Issues Summary (1)
•• PV Data Analysis ActivitiesPV Data Analysis Activities

– Many Active People, Analysis Plan -> Info Exchange
http://www.mpe.mpg.de/gamma/instruments/integral/

spi/www/isdaginternal_performancevalidation.html
– Data Mining & Tuning of Tools; some Science Validation

•• IssuesIssues
– Data Access

• Access at SPI WS at ISDC (raw, prep); technical problems! (packaging)
– Data Preparation

• SPIHIST V3 Combines SE from Onboard Spectra and Event Messages
• Gain Correction Now Separated for Event Messages & Spectra
• Gain Correction Not Feasible by ISDC Ops/Scientists, CESR Support?
• Deadtime Calculation is Complex (revised data collection mode)
• Near-Realtime Data Screening / Overviews by ISDC (VB,PD)
• Excessive Processing Times (Gaps/GTI, PSD, Histogramming)

– Analysis Tools
• SPIROS Result Error Details
• Background Handling (SPIBACK, AUX Data, “off” Data)



Roland Diehl
SPI Mtg Jan 2003 @ CESR

ISDAG Status & Issues Summary (2)ISDAG Status & Issues Summary (2)
•• ISSWISSW

– Tuning of Processing Pipeline (Deadtime, Data Gaps, Histogramming)
– Debugs & Enhancements of Analysis Tools (SPIROS,SKYMAX,SPIBACK)

•• Other Analysis ToolsOther Analysis Tools
– Response Simulations (PSD; Background Exploration)
– Display and Analysis Management Utilities (a.o. GTI)
– Science Analysis (Spectra, Timing)

•• Other IssuesOther Issues
– Data Distribution

• General
– All SPI Sites & Team Members Must Have Access to Data & Tools
– All Core Program Data Will be Accessible in Same Way as PV Phase Data
– Data from Obs with Co-I Involvements?? *)

• Packaging
– Raw Data, Prepared/Extracted Data, Std Analysis Products; all AUX Data
– Transfer Utility (DTS, from ISDC through Internet)

– Data Availability for Performance Monitoring
• Request for 6 Months of Sci hk and Spectra Data: ~fulfilled (but: see *))
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SPI  Scientific Team Meeting
held in Toulouse, January 08-09, 2003

Stéphane Schanne
CEA Saclay / DAPNIA / Bât. 709,  F-91191 Gif sur Yvette

A few words on DFEE in flight operations
and

Timing Test Results from the
SPI In Flight Commissioning Phase

(MOC, 12-14 November 2002)
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• DFEE switch on 6 hours after launch on October 17, 2002
• complete autotest of DFEE ASIC ok
• DFEE temperature monitoring ok

• DFEE current ok
• DFEE works nominally (no abnormal behavior observed)

• Remark on today's working mode
• KeepSE=0, SpectraSEnV, ME, PE
• DFEE feature: the part of the PE with “PSD non processed” flag go into SE

• SE table not empty (those events can be good photons !)
• those events do not go into SpectraSEnV (so they do not appear twice)  

640 s (since launch)
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Timing : Main DFEE configuration parameters

DlyAfee 18

DlyAfeeSat 18

DlyAfee 0

DlyAfeeSat 0

. . .

DlyVeto1st

XtndThresh

XtndAbove

XtndBelow

DlyPsd

DlyVeto2nd

TT 18

TT 0

TT PSD

ACS

ACS PSD

Count TT and DT
Dead Time Contribution
Afee     AfeeSat      Acs

A
s
s
o

Association
MultWinSize
Enable Channels
RouteACtoPSD
RouteSATtoAFEE
ForceVeto

Pobj

Receive Energies / Id
Timeout

A
c
q

Acquisition
KeepSE, ME, PE, PP
TimeFormatPE
ForceNVeto
ForceProcPE
SpectraStorageMode
(Off, Veto, SEnVeto, All)

SE

ME

PE

SE
SE
SPE

D
i
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l

HSL Dialogue
HslXferLength

Energies / Id PSD

. . .

HSL
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PSD and AFEE Time Tag 
alignment

SPI-270 
�KeepPE=1, KeepSE=0, KeepME=0
�AssoMultWinSize=30   (set to the maximum)
�SetTimeFormatPE=1   (�tAFEE->PSD = tPSD - tAFEE)
�ACS mode="ACS OFF"

A negative value of �t means that the PSD Time Tag 
arrives before the AFEE Time Tag at the entrance of 
the DFEE-Event-Association-Machine

detectors 0,1,2,3
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detectors 8,9,10,11detectors 4,5,6,7
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detectors 16,17,18dets 12,13,14,15
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AFEE �t Pcorr �t Pcorr Acorr �t Acorr
0 -1.08 1 -0.08 0 -0.08
1 -1.84 1 -0.84 -1 0.16
2 -1.89 1 -0.89 -1 0.11
3 -1.43 1 -0.43 0 -0.43
4 -1.77 1 -0.77 -1 0.23
5 -1.91 1 -0.91 -1 0.09
6 -0.89 1 0.11 0 0.11
7 -0.91 1 0.09 0 0.09
8 -1.12 1 -0.12 0 -0.12
9 -0.66 1 0.34 0 0.34
10 -1.57 1 -0.57 0 -0.57
11 -1.40 1 -0.40 0 -0.40
12 -0.67 1 0.33 0 0.33
13 -0.79 1 0.21 0 0.21
14 -0.97 1 0.03 0 0.03
15 -1.29 1 -0.29 0 -0.29
16 -0.87 1 0.13 0 0.13
17 -1.55 1 -0.55 -1 0.45
18 -0.82 1 0.18 0 0.18
all -1.24 1 -0.24

Summary : PSD and AFEE Time Tag alignment

Add 1 clk delay to PSD
Remove 1 clk delay
for AFEE 1,2,4,5,17
(=set all AFEE delays to 0) 

All detectors together
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AFEE Time Tag alignment
and MultWinSize check

SPI-270 part2 
�KeepME=1, KeepSE=0, KeepPE=0
�AssoMultWinSize=30     (set to the maximum)
�ACS mode="ACS OFF"
The AFEE delay parameters were still the same 
as for the previous acquisition (and do not take 
into account the result of the previous analysis).
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Summary : AFEE Time Tag 
alignment

MultWinSize :

AFEE k AFEE j �t (j,k) Acorr(k) �t(j,k) Acorr
1 0 0.74 -1 -0.26
2 0 0.76 -1 -0.24
3 0 0.27 0 0.27
4 0 0.61 -1 -0.39
5 0 0.83 -1 -0.17
6 0 -0.24 0 -0.24
7 0 -0.13 0 -0.13

18 7 -0.04 0 -0.04
8 7 0.19 0 0.19
9 8 -0.41 0 -0.41

10 9 0.75 0 0.75
11 10 -0.10 0 -0.10
12 11 -0.54 0 -0.54
13 12 -0.13 0 -0.13
14 13 0.23 0 0.23
15 14 0.27 0 0.27
16 15 -0.44 0 -0.44
17 16 0.57 -1 -0.43
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7We confirm the result of the

previous measurement:

Remove 1 clk delay
for AFEE 1,2,4,5,17
(=set all AFEE delays to 0) 

MultWinSize set to 7 clocks (350 ns)
is ok : 

long enough to loose a only < 1% of real ME
short enough no to have too many accidental ME
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PSD and AFEE Time Tag alignment 
verification

�KeepPE=1, KeepSE=0, KeepME=0
�AssoMultWinSize=30 (set to the maximum)
�SetTimeFormatPE=1 (�tAFEE->PSD = tPSD - tAFEE)
�ACS mode="ACS ON"
�New AFEE and PSD delay settings.

AFEE �t �t Exp �t Meas
0 -1.08 -0.081 -0.080
1 -1.84 0.164 0.173
2 -1.89 0.108 0.117
3 -1.43 -0.434 -0.426
4 -1.77 0.228 0.230
5 -1.91 0.091 0.091
6 -0.89 0.113 0.122
7 -0.91 0.094 0.087
8 -1.12 -0.121 -0.118
9 -0.66 0.338 0.349
10 -1.57 -0.568 -0.556
11 -1.40 -0.398 -0.392
12 -0.67 0.327 0.335
13 -0.79 0.212 0.226
14 -0.97 0.025 0.026
15 -1.29 -0.287 -0.281
16 -0.87 0.127 0.128
17 -1.55 0.450 0.457
18 -0.82 0.177 0.185
all -1.24 0.035
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< 25 keV

25-50 keV

>800 keV

All E

Data & config
• Nominal timing alignment configuration
• Route ACS to PSD channel inside DFEE
• TimeFormatPE & no correlationPE
• Check inside PE timing differences

between ‘PSD’ (=ACS) and detector i : Dt(19,j)

Conclusion
• ACS well aligned / AFEE
• ACS width set to 725 ns (~14.5 clocks)

(ACS=175 ns, ExtensionBelow=550 ns=12 raw)

• this is ok for all energies

• a bigger ACS window was tested 
but it only increases the dead-time 
and does not help bringing the 
background count rate significantly 
more down.

Timing alignment of 
ACS with respect to AFEE
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Alignment of the ACS gate sent to the PSD
DlyAfee 18

DlyAfeeSat 18

DlyAfee 0
DlyAfeeSat 0

. . .

DlyVeto1st
DlyPsd

DlyVeto2nd

TT 18

TT 0

TT PSD
ACS

ACS PSD

A
s
s
o

Pobj
A
c
q

SE

ME

PE

SESESPE

D
i
a
l

Energies / Id PSD

. . .

HSL

Measurement method
• AssoVetoMode = 10 veto inverted: reject all events with TT outside veto gate, whose width is 725 ns

this way, select events falling together with veto only. 

• KeepPE = 1
• EvtForceProcPE = 1 all PSD TT are classified as PE, none will be an SE if PSD says not processed).
• keep constant : DlyVeto1+DlyVeto2 (veto gate inside DFEE stays at the same place)
• vary : DlyVeto1 (veto gate sent to PSD arrives earlier/later)

• => for PE : if the ACS gate to the PSD is well aligned, the veto is active in the PSD,
the PSD should not send time tags anymore, the PSD Time Tag counter and the PE should disappear.

ACS in DFEEAFEE PSD
=> PE

ACS in PSD
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Alignment of the ACS gate sent to the PSD
�KeepPE=1 (monitor the PE disappearance)
�KeepPP=1 (monitor the PP appearance)
�KeepSE=0, KeepME=0
�SetTimeFormatPE=1
�ACS mode="ACS INVERTED"

Distributions of the number of PE per Time Frame
for (DelayVeto1st,DelayVeto2nd) = 
(3,26) ; (4,25) ; (5,24) ; (6,23) ; (7,22) ; (8,21) ; 
(9,20) ; (10,19) ; (11,18) ; (12,17) ; (13,16)
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Alignment of the ACS gate sent to the PSD

0.0%
10.0%
20.0%
30.0%
40.0%
50.0%
60.0%
70.0%
80.0%
90.0%

100.0%

0 2 4 6 8 10 12 14

Percentage of Time Frames without PE 

DelayVeto1st

Conclusion

• from ACS/AFEE 
alignment we have seen 
that we must satisfy:
DlyVet1+DlyVet2 = 29

• in order to maximise the 
efficiency of the ACS gate 
sent to the PSD, we must 
chose:

DlyVeto1 = 10
DlyVeto2 = 19
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DFEE

ACS

List of nominal DFEE parameters COMMISSIONING PHASE RESULT    2002 12 09    S.Schanne@cea.fr

Parameters [4bit] Nominal Redundant
E7820 DelayAfeeTT 0 0 0 ns 0 0 ns
E7821 DelayAfeeTT 1 0 0 ns 1 50 ns
E7822 DelayAfeeTT 2 0 0 ns 1 50 ns
E7823 DelayAfeeTT 3 0 0 ns 0 0 ns
E7824 DelayAfeeTT 4 0 0 ns 1 50 ns
E7825 DelayAfeeTT 5 0 0 ns 1 50 ns
E7826 DelayAfeeTT 6 0 0 ns 1 50 ns
E7827 DelayAfeeTT 7 0 0 ns 0 0 ns
E7828 DelayAfeeTT 8 0 0 ns 0 0 ns
E7829 DelayAfeeTT 9 0 0 ns 0 0 ns
E7830 DelayAfeeTT 10 0 0 ns 0 0 ns
E7831 DelayAfeeTT 11 0 0 ns 0 0 ns
E7832 DelayAfeeTT 12 0 0 ns 0 0 ns
E7833 DelayAfeeTT 13 0 0 ns 0 0 ns
E7834 DelayAfeeTT 14 0 0 ns 0 0 ns
E7835 DelayAfeeTT 15 0 0 ns 0 0 ns
E7836 DelayAfeeTT 16 0 0 ns 0 0 ns
E7837 DelayAfeeTT 17 0 0 ns 1 50 ns
E7838 DelayAfeeTT 18 0 0 ns 0 0 ns

Parameters [4bit] Nominal Redundant
E7800 DelayAfeeSat 0 11 550 ns 11 550 ns
E7801 DelayAfeeSat 1 12 600 ns 12 600 ns
E7802 DelayAfeeSat 2 12 600 ns 12 600 ns
E7803 DelayAfeeSat 3 11 550 ns 11 550 ns
E7804 DelayAfeeSat 4 12 600 ns 12 600 ns
E7805 DelayAfeeSat 5 11 550 ns 11 550 ns
E7806 DelayAfeeSat 6 10 500 ns 11 550 ns
E7807 DelayAfeeSat 7 11 550 ns 11 550 ns
E7808 DelayAfeeSat 8 10 500 ns 11 550 ns
E7809 DelayAfeeSat 9 7 350 ns 7 350 ns
E7810 DelayAfeeSat 10 11 550 ns 11 550 ns
E7811 DelayAfeeSat 11 9 450 ns 9 450 ns
E7812 DelayAfeeSat 12 7 350 ns 7 350 ns
E7813 DelayAfeeSat 13 10 500 ns 10 500 ns
E7814 DelayAfeeSat 14 10 500 ns 10 500 ns
E7815 DelayAfeeSat 15 11 550 ns 11 550 ns
E7816 DelayAfeeSat 16 10 500 ns 10 500 ns
E7817 DelayAfeeSat 17 12 600 ns 13 650 ns
E7818 DelayAfeeSat 18 10 500 ns 10 500 ns

E7840 DelayVetoFrst 001000 10 500 ns
E7841 DelayVetoScnd 010101 19 950 ns
E7842 XtndThresh 00101000 40 2100 ns
E7843 DlyPsd 01011 12 600 ns
E7844 XntGateAbove 00001111 15 2.95 µs
E7845 XntGateBelow 00001100 12 550 ns
E7848 RouteMode 00 0 Norouting

E6898 VetoWinWidth 9 (d) 175 ns
E6491 1st PSAC delay 0 0
E6492 2nd PSAC delay 1 1

E7701-48 Reset 0 0 No reset
E7749-51 EnCntDt Afee,Sat,V 111 1 Enable
E7753 AssoMultWinSize 00111 7 350 ns
E7788 AcMode 01 1 AC on
E7756-75 AssoEnable Psd,Afee 1,1 1 Yes
E7787 LowResMode 0 0 Normalresclk
E7777-80 Keep SE,ME,PE,PP* 1,1,1,0 1,1,1,0 1,1,1,0
E7786 ToutScaleDropNrj 1000 8 6,56 ms
E7776 ToutValMissNrj 00111 7 52,5 �s
E7784 EvtSetTimeFmtPE 0 0 No
E7781 EvtForceNVeto 0 0 No
E7785 EvtForceProcPE 0 0 No
E7782 SpeStorageMode* 11 3 All Events
E7783 HslXferLength [16bit] 3072 Words16

E7697-99 InhibATst C,A,R 0,0,0 0 Noninhibit
E7700 NHslErrThresh 0011 3 3  TF
E7842 EnHslErrAct 1 1 Enable
E7843 NHslErrActThresh 0010 2 2  TF

* depending on chosen TM mode



• Background as a function of the ACS threshold

• SPI 290 Activity 

• Background as a function of the veto durations

• Remarks on background variation



Background as a function of the ACS threshold
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Background as a function of the ACS threshold
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Remark: the CR proton rate (monitored 
with the 198 keV background line) is 
relatively stable during the measurements



SPI 290 Activity
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Background variation as a function of the threshold of different part of the ACS

LRSH: Lower Rear Shield, URSH: Upper Rear Shield, LSSH: Lower Side Shield...



Background as a function of the veto durations
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511 keV background line sensitivity factor vs. veto durations

SPI 300 Activity
variation of the saturating and non saturating veto duration



Background as a function of the veto durations
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Background as a function of the veto durations
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SPI background spectra as a function of the veto duration

SPI-318 Activity (21/11/02 11:03 to 22/11/02 10:03)
SE+PE - sum of detectors

Dt=1050 ns

Triangular shaped line: 72Ge(n,n')72Ge* 
energy released: 693 keV + recoil energy of the nucleus

Dt=750 ns

Remark: meanlife of the 693 keV nuclear level is 0.4 microseconds



198 keV line monitor the n flux inside the shield
Correlation with ACS rate



198 keV line monitor the n flux inside the shield
Correlation with ACS saturating event rate
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Data:  complete spectra from orbits 19 to 22, SE+PE events, all detectors

y = m0*m1+m2
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INTEGRAL GammaINTEGRAL Gamma--Ray Line SpectroscopyRay Line Spectroscopy

Roland Diehl

Background Situation
Specific Line Regimes
Sensitivity Estimates
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SPI Background: OverviewSPI Background: Overview

• ~200 Instrumental Lines from 
Activation (~40 with High Intensity, 
Line Blends)

• ~Background-free Spectral Regimes 
with Count Rate <0.1 cts sec-1 keV-1

multiple-detector eventssingle-detector events
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Overview: Typical SpectraOverview: Typical Spectra
HE (singles, multiples)

• Rev 24 / Empty Field
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PSD ProcessingPSD Processing
• PSD searches for a match 

of pulseshape to its library

PSD=1 (ID 123-141)

PSD=0 (ID 104-122)

PSD not useful (85-103)
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Inspection of Early SPI Spectra Inspection of Early SPI Spectra (Dec’02)(Dec’02)

• Analysis Steps:
ISDC NRT Data Processing with SPI_SCIENCE_ANALYSIS Tool -> 
Spectra
Inspection of Spectra versus Time, Detector ID, Pointing/Sky Region

Fit Line Features
Derive Trends (Det-ID; Time)

• Data:
Rev 11 (Cyg hex)
Rev 12+13 (empty field
Rev’s 18-24 (Cyg, various Aspects)

• Findings/Experiences:
It’s not easy to obtain the desired data

Software changes
SPI config changes or data gaps
Use Volker Beckmann’s Lists and Rudi Much’s Rev Obs Summary

Energy Calibration / Gain Correction is not “solved” by CESR’s Routine 
IFC
There are many line blends, instrumental bgd study with h/k and other 
correlations plus nuclear-physics analysis is necessary
No obvious 26Al signal yet
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Early SPI Spectra / RoDEarly SPI Spectra / RoD

• Data Sample: Overview
Date Source Observations Axis Obs Times E Range Binsize no ptgs livetime

10.12.2002 empty 240/40 Rev 12+13 240/40 70-3070 1 117896.0
11.12.2002 empty 240/40 Rev 12+13 240/40 1000-2000 0.5 117896.0
21.12.2002 empty 240/40 Rev 12+13 240/40 20-8020 1 117896.0
21.12.2002 empty 240/40 Rev 12+13 240/40 1750-1830 0.5 117896.0
29.12.2002 empty 60/-45 Rev 24 60/-45 1000-2000 0.5 0.0

17.11.2002 Cyg onax hex Rev 11 70-3070 1 65740.0
Cyg onax staring

29.12.2002 Cyg onax 5x5 Rev 18 71.3 / 3.1 1000-2000 0.5 2 290.4
20.12.2002 Cyg 2.7 deg off Rev 19 72.8 / -2.5 1000-2000 0.5 36 57681.8
20.12.2002 Cyg 2.7 deg off Rev 20 70.2 / 5.3 1000-2000 0.5 81 123106.6
18.12.2002 Cyg 7.4 deg off Rev 21 71.3 / 3.0 1000-2000 0.5 55 102900.1
21.12.2002 Cyg 7.4 deg off Rev 22 70.4 / 8.2 1000-2000 0.5 92 175355.0
29.12.2002 Cyg 9 deg off Rev 23 71 / 10 1000-2000 0.5 9 18639.9
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Features in SPI SpectraFeatures in SPI Spectra
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93
102

139.4
159.7
175.4
185.4
194.4
198

238.7
271

300.4
310

351.5
393.5
402.7
437.8
471.8
511

574.6
584.5
595.9
607.3
629

671.4
700

720.8
751.4

E [keV]
811.1
818
825
834

844.6
872

882.5
899

911.2
968.6
987.6
1001.2
1014.2
1021.5
1038.6
1048.9
1063.2
1077.5
1087

1106.7
1117

1123.7
1312.1
1336.5
1346.2
1368.5
1380

E [keV]
1435.5
1447.5
1461.3
1470

1478.5
1495

1532.5
1554
1571
1582
1621

1633.5
1764
1779

1808.8
1892
1902

1934.5
2023
2034
2205
2223
2300
2319

2614.5
2754



Roland Diehl<INT_spectral>

Energy CalibrationEnergy Calibration
• SPI Team’s Deep Performance Analysis 

Ge Camera: CESR

• Use Lines Which
Are Strong
Are Isolated
Are No Blends
Have Known Origin

• Possible Problems
Unknown Blends
Activation Changes
Detector Degradation
Nonlinearities (!)
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SPI Detector CalibrationSPI Detector Calibration
• Determine channel/energy Conversion 

Per detector
Per time

• Results
‘ISDC’ calibration Nov 2002

– Fit per detector and dither pointing, 
Gaussian

– Different Pointings Vary by ~0.7 keV
– Different Detectors Vary by ~2 keV
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Variations per Detector & TimeVariations per Detector & Time
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Variations: Detector or Activation Trends?Variations: Detector or Activation Trends?

Trends with Time              Correlations

Falling?

Rising?

Rising??

Falling??

Correlated?

Uncorrelated?Falling??Rising?

Noise?

• Possible Trends:
• Detector Gains (& Degradations)
• Activation Increases/Decays
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…trends: rev21…trends: rev21
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R21
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R21: Energy Calibration Stability
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… trends… trends

• Statistics limits accuracy of spectral-line 
fits

• Trends are small here
• Energy calibration seems stable over ~days
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… trends… trends
R21: Intensity Variations
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• For more intense lines, trends per orbit are indicated
• Use these, + physics correlations, to model background in ROI
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Identification of Background LinesIdentification of Background Lines

… two examples…
Cyg Obs Rev11

Fe/Ni/Cu Spallation->56Mn(β-)56Fe (2.6h)

Be Spallation->7Be(EC)7Li (53d)

Calibrated line energy (keV)

1. Detailed Spectral Fit with Instrumental Response -> Line Components
2. Isotope Identification per Line

(Gamma-Ray Line Lists from ‘Table-of-Isotopes’ References



Roland Diehl<INT_spectral>

Reference DataReference Data
Rev 12 subtracted from Rev 13

Rev 12
Rev 13

• “Empty Fields” observed, e.g. (l,b)=(240o,40o) in Orbits 12,13

Different Components Vary Differently
Overall Bgd Behaviour ~Stable

=>
• First-Order Analysis Through Background Subtraction
• Detailed Analysis:

Identification of Correlated Background Components
Component-Normalized Subtractions/Fitting per Feature
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Example: 511 keV Line Region BackgroundExample: 511 keV Line Region Background

single-detector events

multiple-detector events

(note: energy calibration ~3 keV off; nominal energy 511 keV)
• Different Background Components in ‘single-detector’ and 

‘multiple-detector’ events
‘singles’ include two components with different variability 
‘multiples’ appear ~more stable
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Example: Example: 2626Al Line RegionAl Line Region

• Note: energy scale is slightly offset (~12 keV here)
• 3 Major Instrumental Features
• Celestial 26Al Line Coincident with an Instrumental Feature
• Instrumental 1809 keV Feature is Blend, Complex Temporal Evolution

• De-Composition Requires Constraining the Underlying Instrumental Line… 
From activation physics
From coincident lines
From reference background
From …. ????
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Rev 20, multiple events onlyRev 20, multiple events only

• 123000 sec, 107000 counts in ROI
• 1809 keV Feature Can Be Fit By 

Gaussian
• Empty-Field Subtraction Eliminates 

the Feature
• Celestial Residual Small, Need 

Accurate Energy Calibration and 
Spectral Response
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… around the 1809 keV Line….… around the 1809 keV Line….
Orbit 11 (Cyg X-1 pointing hex dither)
Bgd from Empty-Field Orbits 12+13

Orbit 19 (Cyg X-1 pointing 5x5 dither)
Fitting Gaussian Lines

all

multiples

singles
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Early Sensitivity EstimatesEarly Sensitivity Estimates
• Based on Rev 11 

(Cyg X-1 hex dither, 63000 s)
• Extract Bgd Counts in 

3σ Window Around 
Astrophysically-Interesting Line

• Use Efficiency etc. from 
Sci Perf Rep, 
Tobs 106 sec, 3σ Limits

SPI Sensitivity
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Roland Diehl

T_obs 1.00E+06 sec Estimate Dec02 SciPerfRep
Energy Efficiency ROI Bgd Counts ROI Bgd Rate Sensitivity Sensitivity
[keV] [keV] per keV cts/(sec ~10det) [ph/(cm^2s) [ph/(cm^2s)

63000 sec (3 σ) (3 σ)
78 0.65 3.4 70821 2.010 3.75E-05 2.10E-05

122 0.65 3.8 46000 1.459 3.20E-05 1.60E-05
136 0.65 3.8 133400 4.232 5.45E-05 1.60E-05
511 0.55 4.2 52125 1.841 4.23E-05 1.10E-05
847 0.39 4.7 30937 1.214 4.85E-05 1.70E-05

1157 0.33 5.1 6700 0.288 2.80E-05 2.00E-05
1238 0.33 5.2 5770 0.251 2.61E-05 2.00E-05
1332 0.39 5.4 5300 0.239 2.16E-05 2.00E-05
1809 0.26 6.1 3688 0.188 2.85E-05 2.00E-05
1809 0.26 13.0 3354 0.364 3.96E-05 2.00E-05
4000 0.13 9.5 700 0.056 3.12E-05 1.00E-05



SPI Background Simulations�

Update

G� Weidenspointner� GSFC

G� Weidenspointner� GSFC SPI Meeting� Jan� ��� Toulouse



MGG�P�OD Code� Update

� ORIHET�ORIGEN �calculates decay rate of radioactive nuclei
from production rates��

� found real bugs in code and nuclear input data which re�
sulted for example in gross overestimate of decay rate of
some Bismuth �e�g� ���Bi� isotopes in BGO

� code is �xed� nuclear data are being checked� corrected� and
completed

� INTEGRAL mass model�

� found and corrected inconsistencies and small bugs� all of
which where corrected

� new capability to simulate decays of individual radio�nuclei� which
allows to generate an 	instrumental response
 to individual com�
ponents of the background due to radioactive decays �e�g� con�
tributors to instrumental ��� keV line�

� GSFC SPIHIST �to histogram simulations��

� created new model for instrumental resolution� which takes
into account the intrinsic width of the instrumental ��� keV
line

� PROMPT �production of prompt photons��

� implementation of prompt photon production after neutron
capture and inelastic neutron scattering �for selected iso�
topes�� and after spallation completed

� spallation� working on light nuclei �where statistical models
do not apply� and nuclei with relevant isomeric levels �such
as ��Ge� ��Ge� � � � � using TGRS as test case

G� Weidenspointner� GSFC SPI Meeting� Jan� ��� Toulouse



Comparison of Simulation and Data

� Overall shape of instrumental continuum background as well as
most of the instrumental lines are well reproduced�

� Simulation accounts for ��� of the actual background rate in
�� keV � � MeV�

� Remaining de	ciencies of simulation


� Simulation does not include prompt background and activa�
tion due to cosmic�ray alpha particles� Within the GCALOR
framework alpha particles can not be included properly be�
cause there are no hadronic cross sections for alphas� �Note

for TGRS an approximate treatment of alpha particles re�
sulted in an increase in the prompt background by about
���
�

� Simulation does not include prompt photon production� Prompt
photons will be included once the PROMPT package has
been tested�

G� Weidenspointner� GSFC SPI Meeting� Jan� ��� Toulouse



Comparison of Simulation and Data�

Single Detector Events
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Comparison of Simulation and Data�

Double and Triple Events

100 1000
Energy [keV]

0.0001

0.0010

0.0100

0.1000

1.0000

10.0000

R
at

e 
[1

/s
ec

/k
eV

]

SPI Data: Rev. 7, ScW 70, Doubles+Triples

Simulation

G. Weidenspointner, NASA/GSFC

G� Weidenspointner� GSFC SPI Meeting� Jan� ��� Toulouse



1/9/03 SPI CoI Meeting - Toulouse 1
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�� Small signalSmall signal--toto--background ratio (S/B).background ratio (S/B).
>> Small even for strongest lines.Small even for strongest lines.

�� Small variations in background can be important.Small variations in background can be important.

Line (keV) Flux(cm-2) S/B (percent)
Line Only Line + Cont.

511 2x10-3 9.4 5.0

1809 5x10-4 32.6 5.7
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SignalSignal--toto--Background Ratio Background Ratio 
at Sensitivity Limitat Sensitivity Limit
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Ge Ge LLD Rate LLD Rate 
(summed over all detectors)(summed over all detectors)
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Ge Ge LLD Rate LLD Rate -- Rev 15Rev 15--2929
(summed over all detectors)(summed over all detectors)
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Ge Ge & ACS ULD Rates& ACS ULD Rates
(saturating events)(saturating events)
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ACS ULD Fourier Spectrum (Revs. 15ACS ULD Fourier Spectrum (Revs. 15--29)29)
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Ge Ge LLD & ACS LLD ComparisonLLD & ACS LLD Comparison

Lag � 5 hr
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GeGe LLD Fourier Spectrum (Revs. 26LLD Fourier Spectrum (Revs. 26--29)29)
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Sensitivity to Background VariationSensitivity to Background Variation

�� Signal is “chopped” by dithering.Signal is “chopped” by dithering.

�� For a point source most of the chopping power For a point source most of the chopping power 
will be at the dithering frequency: ~ 1 hrwill be at the dithering frequency: ~ 1 hr--11

�� For a diffuse source the chopping power will For a diffuse source the chopping power will 
move to lower frequencies.move to lower frequencies.
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�� 511 511 keV keV diffuse emission over diffuse emission over at leastat least 40° x 15° region40° x 15° region
>> Time to scan region ~100 hr = ~4 daysTime to scan region ~100 hr = ~4 days
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�� Simulate data and make images of point and Simulate data and make images of point and 
diffuse sources using known background diffuse sources using known background 
variability.variability.
>> 511 and 1809 511 and 1809 keV keV GCDE is most important.GCDE is most important.

�� Long stretches (> 1 mo.) of continuous data with Long stretches (> 1 mo.) of continuous data with 
no strong sources in FOV are needed for no strong sources in FOV are needed for 
analysis of background variations.analysis of background variations.
>> Need to gain access to Open Program data.Need to gain access to Open Program data.
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