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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
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Energy resolution according to the energy of the peak
detector 10 to 18
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Peak position according to the temperature

Line 1117,3 keV
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Status of ACS

— after launch

SPI Co-Is Meeting - CESR-Toulouse
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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)

¢ [eakage 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 | SR

—>

UCR:
single FEE countrates

 FEE 6 countrate too low

— PMT coupling to BGO
changed ?

FEE14
FEE1S

— Tuning needed (AC SPI-70) Fecis

o
02-10-26 06:30:00
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First 31 days: ACS temperatures

Temp PSAC
p— T A5 PSAC LD

T-Range: [ 1 as psac Ly

Fr T ASL PAAC.LE
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_50 - 30 C E'Il:l'l'l-ll:.i:qﬁ UPR_MRG__LO |
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()o —_ 8o C | Temp LCR

— T A5 LWR MRG L3
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e T__A5 LWR MRG LS

.
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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

«10000 ACS Overall Rate
= ACS_RATE

8000
G000
4000

2000

ACS “dynamic” range from 100 keV to maximal level of energy threshold

0 02-10-30 09:30:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30
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LEOP-SPI 50:
ACS Calibrations

¢ L|LCR Integral Spectra

» dependence of FEE veto count rate on the commanded energy threshold level (0-64)

:::).
00
15
Ee
20
200
150
o
0
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LEOP-SPI 50:
ACS Calibrations

¢ | CR 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
100 keV Tuned

tuned 150keV 200keV 300 keV

Count Rates UVS-SSA 1
FEE36
FEE37
FEE38
FEE39
FEE40
FEE41

Count Rates UVS-S5A 2
FEE42Z
FEE43
FEE44
FEE45
FEE46
FEE4T

Count Rates UVS-SSA 3
FEE48
FEE49
FEES50
FEE51
FEE52
FEES53

000900001022 000900001042 000900001062 000900001082 000900001102

SPI Co-Is Meeting - CESR-Toulouse Andreas von Kienlin MPE 09.01.2003 11



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

SPI Co-Is Meeting - CESR-Toulouse Andreas von Kienlin MPE 09.01.2003 12



Orbit 5 to 6:
Entrance into the radiation belts

¢ |[nitial setting of BCPKT - “radiation belts entry” - ~ 45000 km !
» ACS HV ~ 6.5 hours off !

—— ACS _RATE

ACS HV off

A

/

~ 66500 km

~ 46000 km

!

—— DISTANCE

2-10-3101:00:00 _ 02:00 02:30 03:00 03:30 04:00 04:30 05:00 05:30 06:00
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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 !

NI rT—_ -

ACS HV off

A

| ITrTTTTTT T | T Tj= _|IIIIIIII|IIIIIIIII|IIIIIIIII|II
—

~ 66500 km

II|
s
w
-
>
=
%)
m

| | | 1 | | | 1 | 1 |
021120 19:00:00  20:30 21:00 21:30 22:00 22:30 23:00 23:30 00:00 00:30 01:00 01:30 02:00 02:30 03:00
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ACS leakage test

» no leakage detected

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 ps to 53.6 us

< 5500
=z -

4500 | ﬁ

4000 | ACS vetos / 50 ms from VCU

x10

P__DF__CNVT_MBW__L

<10000
=
9000

8000 , ACS vetos /s

<<

= 6000
5500
5000

4500 P DF_CAFNV_LO ACS overrange veto rate
P__DF__CAFNV__L1

P__DF__CAFNV__L7

P_DF_CAFNV_ L8 : T~ 1.  GE-8rate: - 13%
N, : MW b o i

8 *Ill" “ll ||“|' |||L I|I I| b Hll. ||'||'., W ||.,||||I||” IH. |1| h}-“ ’ |. l-“'” || I-I 0 '.“

P__DF__CAFDT__LO
P__DF__CAFDT__L1
P__DF__CAFDT__L7

02-11-09 17
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ACS leakage test:

¢ large solar activity started during test

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 rate

ACS veto rate

P_DF_CNVI MAB L
P_DF CNVT MBW L

o :
02-11-0212:00:00
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LEOP-SPI 320:

Measurement of the background with one ACS BGO inactive

¢ Detector-Plane: Z (IBIS direction)

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

CP SPI-320 BGO SSA-2-6 off (SCW 001300010320)
single, PSD, double
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LEOP-SPI 320:

Measurement of the background with one ACS BGO inactive

SSA-2-6 on i
Z (IBIS direction) MMW W

Y

SPI Co-Is Meeting - CESR-Toulouse

T TRV Frpree

001300010310
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SSA-2-6 off
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PPN e e
b i
PP IO o TR
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LULLEET
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nrlmmlm”

001300010320
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LEOP-SPI 320:

Measurement of the background with one ACS BGO Inactive & Z (Bis direction)

¢ Detector-Plane:

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

SSA26on Mean: 44.8 |—m— SSA260n
SSA260ff Mean: 46.3 | —e— SSA260ff

Delta: +3.3%

(o2}
o

a
o

IN
o

()
~
(2]
-
c
>
Q
(&]

N w
o o
count rate increase (factor)

-
o

8 10 12 14 16 18 20 12
Ge Detector ID Ge Detector ID
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ACS FEE count rates during orbit 18: ACS “nominal’

Count Rates UVS-UCR 1
—FEEl
—— FEE1
—— FEE2
| FEE3

FEE4
FEES ‘
R e s
. L

Count Rates UVS-UCR 2
FEE&

FEET

FEES

FEESQ

FEE1D

I
I— FEE11

Count Rates UVS-UCR 3
— FEE12
— FEE13
= FEE14
| FEE15
FEE1&
FEE1T

02-12-06 12:00:00
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ACS FEE count rates during orbit 18: ACS “nominal’

Count Rates UVS-LCR 1
— FEE1&
—— FEE19
= FEEZ20
| FEE21
FEE22
FEE23

Count Rates UVS-LCR 2
FEEZ4
FEE25S
FEEZE
FEEZT
FEEZ2E
FEEZ9

Count Rates UVS-LCR 2
—FEE30
— FEE21
—— FEE32
FEE33
FEE24

02-12-06 12:00:00
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ACS FEE count rates during orbit 18: ACS “nominal’

AN SR IRy et sen s,

Count Rates UVS-554 1
—— FEE3&
— FEE37
= FEE38
| FEE3%
FEE40
FEE41

Count Rates UVS-554 2
e FEE42
f—— FEE43
— FEE44

FEE43
FEE4&
FEE4T

Count Rates UVS-55A 3
= FEE4&
—— FEE43
—— FEES0
| FEES1
FEES2
FEE53

02-12-06 12:00:00
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ACS FEE count rates during orbit 18: ACS “nominal’

Count Ratas LVS-RST 1

T A Sk ey gl A o i il e e

FEES4
FEESS
FEES&
FEEST
FEES&
FEESS
FEE&0
FEE&1

L RN T v R 1a.- erak vl

Count Rates LVS-RST 2

FEEEZ

= FEEEZ
—— FEEE&4

FEEES
FEEET

— FEE&E
—— FEETD

FEET71

W AL b b 8 b WL e et et Al Wy iy e Mmoo e

Count Rates LVS-RST 3

FEET3
FEET4
FEETS
FEETG
FEETT
FEETS
FEESD
FEES1

02-12-06 12:00:00
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ACS FEE count rates during orbit 18: ACS “nominal”

¢ FEE “count rate distribution”

Counts

8000

7000

6000

5000

4000

3000
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Commissiening Actvity Viatrix

Activity Title Modfied

SPI-012 Subassembly activati ons no

SPI1-020 S/ A configuration no

SPI-031 Subassembly software dumps no

SPI-110 PSDthreshold adjustment stopped at FET=6
SP1-201 Pure PSDevents analy sis yes

PI-OPS-130 PSD UID blocking test replaced SPI-240
PI-OPS-131 PSDsoftware threshold test replaced SPI-240
PI-OPS-132 PSDtime window test replaced SPI-240
SPI-250 PSDand AFEEthreshold calibration no

SPI-280 PSDcalibration (1sts tep) no

SPI1-330 PSDcalibration (2nd step) twice

SP1-340 PSDre-configuration no yet executed




INGISE trigeenng

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 : . 09 5
» PSD efficiency increases with g 0.8

decreasing front-end trigger  JE

(FET) threshold sil | e

: all PSD events

» Best PSD setting : 05

FET =6 |

LLD =3 Ny

TW =0 ”

= ~ 85 % (400 - 2600 keV) 02

0.1

0

0 ] 500 1500 2000 2500 3000 3500 4000
energy (keV)




RSIDHIprany calinration

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 :

Sl in energy range
500 - 1100 keV

« Sl above 10 - 30 %

* Maximum Sl around 800 keV
(15 - 40 %)

* Localised beta fraction @ 700 keV :
0.80 £ 0.05

i}

600 800
Energy (keV)




pectrometer

10 anomalies opened in flight
3 3 closed at the MCRR
5 for CSSW/IASW

*] corrected in IASW 4.1.0 INT-002098: Unexpected dithering
process when SPI spectra accumulation = 0

] to be proposed to close “use as 1s” INT-002099: SPI1 periodic
task overrun

3 under mnvestigation with the support of Mike Rennie (including
the TM slot lost)
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3 Change Request to be implemented 1n 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 1s finished.
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Spectrometer

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 1s implemented, the “start-pointing memory™ 1s
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.
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ISDAG Status & Issues Summary

* Meetings
- Informal, on 8 Jan 2003 3-7pm

- Discussion of Technical/Software/Algorithm/Data Details
(else overlap with Co-I Mtg)

. “ISDAG Ttems":
- PV Data Analysis
- ISSW
- Other Analysis Tools & Issues

Roland Diehl
SPT Mtg Jan 2003 @ CESR



ISDAG Status & Issues Summary (1)

* PV 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

« Issues

- Data Access
+ Access at SPT 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
SPT Mtg Jan 2003 @ CESR



ISDAG Status & Issues Summary (2)

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

Other Analysis Tools
- Response Simulations (PSD; Background Exploration)
- Display and Analysis Management Utilities (a.0. GTI)
- Science Analysis (Spectra, Timing)
* Other 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 ™)

Roland Diehl
SPT Mtg Jan 2003 @ CESR



SPI Scientific Team Meeting
held in Toulouse, January 08-09, 2003

A few words on DFEE in flight operations
and
Timing Test Results from the
SPI In Flight Commissioning Phase
(MOC, 12-14 November 2002)

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

8 January 2003 S.Schanne@cea.fr  SPI Scientific
Team Meeting



DFEE status

 DFEE switch on 6 hours after launch on October 17, 2002
» complete autotest of DFEE ASIC ok

20
10 =

0

-10

I N I M I N I M I M I N I | .
0 500 1000 1500 2000 2500 3000 ss0 640 s (SlIlCG launch)

* 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)

8 January 2003 S.Schanne@cea.fr  SPI Scientific 2
Team Meeting



A standard DFEE Scientific HK

TT.12Z=880 |%03.35 TT.11=544 |935.8 TT.10=%209 |9Z23.%9
SAT.12=170 |187.0 SAT.11=1B1 |1%2Z.0 SAT.10=1B3 |193.Z
NV.12= 34 | 3%2.0 Nv.11= 47 | 44.0 Nv.1l0= 40 | 40.8
DT.12=113 |115.% DT.11=115 |11&.% DT.10=115 |117.1
W.HslErSec=0 | 0 TT.13=8892 |9Z24.5 TT.03=558 |2&8.5 TT.0Z=257 |270.1 TT.09=8&53 |923&.8
SAT.13=193 |187.8 SAT.03=189% |1B%2.1 SAT.DZ2=197 |18%9.2 SAT.09=204 |1%91.3
W.RunFrogr=0 | 0 NV.13= 31 | 42.1 NV.03= 29 | 48.5 Nv.0Z= 56 | 50.8 NvV.09= 45 | 43.5
W.Hslclkop=0 | 0 DT.13=115 |115.4 DT.03=11s |117.4 DT.0Z=117 |117.5 DT.09=115 |11&.7
A.CoherTst=0 | 0
A, CoherCfg=0 | 0
A.PobjProt=0 | 0
A. SmNotRun=0 | 0 TT.14=500 |%ZZ.4 TT.04=504 |971.7 TT.00=231 |274.3 TT.01=233 |2&84.5 TT.08=88Z |218.0
A.TimeBase=0 | 0 SAT.14=18s5 |193.4 SAT.04=174 |1882.7 SAT.00=200 |187.0 SAT.01=187 |18%2.0 SAT.08=Z1Z |19Z.8
A.HslErAct=0 | 0 NV.14= 5Z | 40.7 NV.04= 44 | 50.% Nv.00= 54 | 51.0 Nv.01= 57 | 492.1 NV.08= 44 | 41.1
DT.14=115 |117.0 DT.04=114 |117.& DT.00=117 |117.5 DT.01=1186 |117.2 DT.0B8=117 |11s.%9
W. 8pviWound=0 | o]
W.8t8erHs1=2 | n]
W.CohPeidr=0 | 155
W.PobErtWr=0 | 0 TT.15=503 |530.4 TT.D3=834 |9&2.3 TT.0&8=210 |%2&85.1 TT.07=873 |9ZZ.5
SAT.15=1%3 |191.& SAT.05=188 |120.3 SAT.0&=1s88 |120.8 SAT.07=1B8 |1B88.5
N.TimeOut =0 | 358 NV.15= 40 | 43.4 NV.03= 47 | 4%.4 Nv.0&= 50 | 492.9 NvV.07= 45 | 43.Z2
N.Drop =0 | &4 DT.15=11s |117.1 DT.05=11s |117.3 DT.06=113 |117.4 DT.07=115 |11&.6
N.ItemOvE =0 | 0
N.FobjovE =0 | 0
N.DialPrtl=0 | 0
N.BhzProgr=0 | 0 TT.le=B&5 |911.2 TT.17=885 |927.%9 TT.18=878 |%08.%9
W.ShzAbsnt=0 | 0 SAT.1s=180 [191.3 SAT.17=1B1 |121.4 SAT.18=191 |193.7
W.DialPrty=0 | 0 NV.le= 33 | 38.7 Nv.17= 35 | 4Z.Z NvV.1B= 37 | 32.5
DT.1ls=114 |115.3 DT.17=114 |11&.& DT.18=115 |11&.5
0.DfeeMode=1 | 3
0.Reseved =0 | 0 GT.A=A53769 |66207.92 Second= 8827 | 442.5 HE4-Af= 895 | 883&.0
0.AutoTsEr=0 | 0 GTab.A= 5580 | 565B.1 C1lkZ0M= 4135 | 4133.7 HE-E #= 895 | B8%&.0
0.AsicTsEr=0 | 0 GThl.A=£3820 |&6031.2 TT.EP= 4IZ8 | 444.3 HE-0 #= 114 | 114.0
0.ExecTcEr=0 | 0 DT. A= 79 | B80.2 DROE. E= 3 | 1.3
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Timing : Main DFEE configuration parameters

Count TT and DT

Dead Time Contribution

Afee  AfeeSat  Acs
TT18 — ' Dhdfee 18
<
—» DlyAfeeSat 18 |
A
TTO0 —» DlyAfee 0 s Pobj
< S
—» DlyAfeeSat 0 |~ o
TTPSD —»  DiyPsd |~
ACS —>» DlyVetolst K’ DlyVeto2nd
\ XtndThresh Association
MultWinSize
XtndAbove Enable Channels
RouteACtoPSD
XitndBelow RouteSATtoAFEE
ACS PSD <« ForceVeto

; : HSL
—, SE —>
o )
. >
A
: =\ l
AN ‘
%)
Acquisition HSL Dialogue

KeepSE, ME, PE, PP HslXferLength
TimeFormatPE

ForceNVeto

ForceProcPE

SpectraStorageMode

(Off, Veto, SEnVeto, All)



PSD and AFEE Time Tag

alignment

SPI-270

eKeepPE=1, KeepSE=0, KeepME=0
eAssoMultWinSize=30 (set to the maximum)
oSetTimeFormatPE=1 (Atargespsp = tesp - taree)

*eACS mode="ACS OFF"

arrives before the AFEE Time Tag at the entrance of

the DFEE-Event-Association-Machine

8 January 2003

(o} 120019
Entries 25727
Mean —0.7969
RMS 2,898
X/ndf 7113 / 56
-1 7Z27E+05
ean 108
Sigma 0. Li
1 J 1 1 1 1 l 1 1 1 1 l 1 L 1 1 l
-30 -20 -10 0 10 20 30
ntpzpe ——1st2Elts—— t(19)-t(00)
104 D 120119
Entries 27153
103 Mean -1.571
RMS 2.766
102 X/ndf 5706 / 56
Cansta 1 857E+05
10 Mean -1.
. . Sigma 0.5701
A negative value of At means that the PSD Time Tag L~ (IR BT, | B B P | P I B |
- 30 -20 -10 0 10 20 30
ntpzpe ——1st2Elts—— t(19)-t(01)
104 D 120219
Entries 26206
103 Mean -1.686
RMS 2,725
102 x'/ndf 536.2 / 58
Canst 1797E+05
10 Mean 1892
Sigma 0.56
1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 J 1 1 1 1 l 1 1 1 1 l 1 1 1 1 ll
-30 —-20 -10 0 10 20 30
ntpzpe ——1st2Elts—— t(19)—-t(02)
10* D 120319
Entries 26070
103 Mean -1.202
RMS 2.963
102 xX'/ndf 6227 / 55
C 78E+05
10 Mean -
1 "“‘ Sigma 0.543 |
l L 1 L 1 l L L 1 L 1 L 1 ‘ L L L L l L L L | | | 1 Il L l
S.Schanne@cea.fi = =7 -20 -10 0 10 20 30
Team M

ntpzpe ——1st2Elts—— t(19)-t(03)




(v} 120419 D 120819
Entries 27350 Entries 26568
Mean —-1.563 Mean —-0.9537
RMS 2,950 RMS 2.867
X/ndf 619.7 / 57 X'/ndf 8698 / 57
C .1B65E+05 Constan . 1839E+05
Mean Vi ean -T3
Sigma 0.5716) Sigma 0.5557|
| IR TR R TR NN T T T S P R T R N R N SR A I T R R |
-30 —20 -10 20 30 10 20 30
ntpzpe ——1st2Elts—— t(19)—t(04) ntpzpe ——1st2Elts—— t(19)—t(08)
D 120519 D 120919
Entries 25854 Entries 26428
Mean -1.647 Mean -0.5021
RMS 3.009 RMS 2.721
¥'/ndf 6128 / 57 ¥'/ndf 5132 / 55
Con 8E+05 Conston . 1887E+05
ean —+4098 an -0,
Sigma 0.577 Sigma 0.5494
‘ 1 1 1 1 ‘ 1 1 1 1 |I | 1 1L L 1 | 1 1 1 1 i
-30 -20 -10 0 10 20 30 -30 =20 -10 0 10 20 30
ntpzpe ——1st2Elts—— t(19)—t(05) ntpzpe ——1st2Elts—— t(19)—-t(09)
D 120619 D 121019
Entries 26413 Entries 26088
Mean -0.6666 Mean -1.402
RMS 2.835 RMS 2.841
¥/ndf 553.1 / 58 Y'/ndf 540.4 / 56
Consta 5E+05 Consta .188BE+05
ean -0 ri ean -5
Sigma 0.5768| Sigma 0.5427
1 1 1 1 ‘ 1 1 1 1 | 1 L L 1 | 1 L Il 1 }
-30 -20 -10 0 10 20 30 20 30
ntpzpe ——1st2Elts—— t(19)—t(06) ntpzpe ——1st2Elts—— t(19)-t(10)
D 120719 D 121119
Entries 26080 Entries 28666
Mean —-0.7742 Mean —-1.204
RMS 2,950 RMS 2.781
x'/ndf 6935 / 56 x'/ndf 693.8 / 56
Constant .1808E+05 Cgnsto .2044E+05
an =0. Mean -
Sigma 0.5580 Sigma 0.5482|
P T T T A T W S | TN TR TN (Y TR TR S O |
-30 -20 -10 0 10 20 30 10 20 30

ntpzpe ——1st2Elts—— t(19)—t(07)

ntpzpe ——1st2Elts—— t(19)-t(11)




D 121219 D 121619
Entries 26325 Entries 25745
Mean —-0.5103 Mean —-0.6914
RMS 2,881 RMS 2,949
x/ndf 661.1 / 57 X/ndf 5997 / 57
Constan 23E405 Cons 1767E+05
an -0 Mean -0.
Sigma 0.5625 Sigma 0.5663
P T T S NN S N SN | L1 | R R S A
=30 =20 -10 20 30 -30 —-20 20 30
ntpzpe ——1st2Elts—— 1(19)—t(12) ntpzpe ——1st2Elts—— t(19)—-t(16)
D 121319 D 121718
Entries 24746 Entries 26481
Mean -0.5767 Mean -1.333
RMS 2.815 RMS 2.818
¥ /ndf 521.4 / 58 x'/ndf 551.1 / 5B
Constan 1727E+05 C 1892E+05
ean =0\ 1 Mean -
Sigma 0.5590 Sigma 0.5495
| 1 1 1 | 1 1 1 L i 1 | 1 1 | | 1 | | |
-30 -20 -10 0 10 20 30 -30 -20 20 30
ntpzpe ——1st2Elts—— t(19)—t(13) ntpzpe ——1st2Elts—— t(19)-t(17)
D 121419 D 121819
Entries 24107 Entries 25166
Mean -0.8082 Mean -0.6355
RMS 2.925 RMS 2,961
¥ /ndf 6432 [/ 57 xz/ndf 629.9 / 56
Constao 0.1674E+4+05 Const 1726E+05
an =0. an e
Sigma 0.5569 Sigma 5662
1 1 1 1 1 | 1 1 1 1 l 1 1 L | 1 1 1 1 |
-30 —20 -10 20 30 -30 —20 20 30
ntpzpe ——1st2Elts—— t(19)—t(14) ntpzpe ——1st2Elts—— t(19)-t(18)
D 121519
Entries 23837
Mean -1.035
RMS 3.211
x/ndf 7848 / 58
A 676E+05
Mean —+
Sigma 0.5494
PO TR N W (N WO T O M | : .
-30 —20 -10 0 10 20 30 SPI SClentlﬁC 7
3et1ng

ntpzpe ——1st2Elts—— t(19)—t(15)




Summary : PSD and AFEE Time Tag alignment

ID 5
Entries 495010
Mean -1.035
RMS 2.915
xa/’ncﬂ.1068E+05/ 58
Cons 748E+06
Mean -t
Sigma 0.7030
L L L 1 ] 1 L 1 1 l
20 30
PE — t(19-X)
AFEE At Pcorr At Pcorr Acorr At Acorr
o -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
Add 1 clk delay to PSD 5 -1.91 1 -0.91 -1 0.09
Remove 1 clk delay g '8-2? i 8-(1); 8 g-(l);
for AFEE 1,2,4,5,17 8 112 1 _0.12 o 0.12
(=set all AFEE delays to 0) 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
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AFEE Time Tag alignment
and MultWinSize check

SPI-270 part2

eKeepME=1, KeepSE=0,

eAssoMultWinSize=30
¢ACS mode="ACS OFF"

KeepPE=0
(set to the maximum)

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).

8 January 2003
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1072
102
10

107
102
10

103
102
10

103
102

—

103

102

10
1

- D 120001
;_ Entries 5587
E Mean 0.7176
E RMS 2.035
| I m h m Il_l I|_|l|_'J—|I P AT T N T B W ﬂ_j,\‘lzun{*nlﬁl_/'Ql?II 14 [l
-30 =20 =10 0 10 constant 20 15080
an 0.7385
ntpzme —-—1st2Elts—— t(01)-t Eé e 1.434
é— D 120002
:E Entries 5370
E Mean 0.7726
E RMS 2.101
PR 1 11_1_1|1_l1ﬂl — T /S w1y Ay J}L‘P;iﬁ'\ﬁ'f_hl NEe . !1" L e |
—-30 —-20 -10 0 14 constant 20 14330
an 0.7859
ntpzme ——1st2Elts—— t(02)-t C@ mo 1434
- D 120003
;_ Entries 5790
F Mean 0.2912
E RMS 1.997
| v v o—h + m 11_1|—|ﬂ I VA R TR | _}.‘lz’ﬂ‘nd‘ Limpba 1. I?‘l )
-30 -20 -10 0 10 constant 20 15180
an 0.2720
ntpzme ——1st2Elts—— t(03)-t Eé J 1461
- D 120004
;_ Entries 5758
E Mean 0.6283
F HRMS 2.117
|l omoayrrbhm oo aoley oS x"j\‘wﬁf e IJ’TITW
—-30 —20 —-10 0 14 constant 20 14880
an 0.6124
ntpzme ——1st2Elts—— t(04)—t Eé mo 1 488
- D 120005
:E Entries 5905
3 Mean 0.7863
1 RMS 1.912
| m o 1“1 m 1]_,|—111_11 Pl B AT R BTSN S\ W l,l‘lz,}i’nfﬂ 11 “Rnld.. f{ 128
=30 —20 -10 0 10 constant 20 15580
Mean 0.8336
ntpzme ——1st2Elts—— t(05)-t %)l mo 1465
E_ D 1200086
:_ Entries 7055
E Mean -0.2237
= RMS 2.016
l|_II|_|I|_|l L L m ol L 1 1 L 1 L L ] —qu‘twﬁ Il
—-30 —20 —-10 0 10 constant 20 17430
Mean —0.2408
ntpzme ——1st2Elts—— t(06)—t CgOI o 1556




102

10

10%
102
10

10°

102

10
1

103
102
10

D 120007
Entries 679
Mean —0.3564
RMS - 3.138
I ., 0l ITLh EnEelEnEn L }\Jz’ﬁnrﬁ L 857 2401 ’1" 118
-30 -20 =10 0 109 constant 20 16730
an -0.1267
ntpzme ——1st2Elts—— t(07)-t Dé = 1.498
E— D 120718
E Entries 5118
E_ Mean —-0.2989E-01
E RMS 1,945
| v v vmir lrh P AnBl CZ48L 7 .08
-30 =20 -10 Constant 20 13380
an —0.4110E-01
ntpzme ——1st2Elts—— t(18)-t (ﬁ mo 1477
"E D 120708
E_ Entries 5521
E Mean 0.2087
3
E HRMS 2,519
i 1m0, N TN D AN AT
-30 -20 Constant 20 14180
an 0.1895
ntpzme ——1st2Elts—— t(08)-t Dg?l ma 1.484
D 120809
Entries 5619
Mean -0.4054
RMS 2.169
= ITHI L 1’—11 | l'_xa;lkﬂ'l}'ﬂ_h L Wall 1}‘—11‘41:1
=30 =20 =10 0 10 Constant 20 14680
an —-0.4105
ntpzme ——1st2Elts—— t(09)-t Ellgl mo 1473
"E ID 120910
i Entries 5650
E Mean 0.7248
£ RMS 2.035
L oy I o T'\‘P‘;\'n.ﬁ%]. 1B 8m A3k
-30 -20 Constant 20 14589
Mean 0.7450
ntpzme ——1st2Elts—— t(10)-t QDQI ma 1511
D 121011
Entries 5715
Mean —0.9956E-01
RMS 2.168
-]
=30 -20 -10 0 19 constant 20 14280
an  —0.9647E—01
ntpzme ——1st2Elts—— t{11)—t(1 o 1.550

Ae

103 D 121112
102 Entries 5327
10 Mean -0.5303
L RMS 2.097

1 I, m ArxLll 1 ]Trllf_h | szrﬂnrﬂ ETET ]:ﬂ 124
-30 -20 -10 0 19 Constant 20 13380
-0.5418

ntpzme —-—1st2Elts—— t[12)—tk1g‘. ?:0 1.534

103*! ID 121213
102: Entries 5458
10 E_ Mean -0.1218
E’ RMS 2.005

1 | m e | "‘gzrﬁhm m 2l0&n3m IJ?‘I i
=30 —20 Constant 20 14180
ntpzme ——1st2Elts—— t(13)-t{12] _0'11igg

1032— D 121314
102: Entries 5683
10 E_ Mean 0.2323
= RMS 1.991

1 | |V_||I_||l_|\ (. |l_||ﬂ| | ﬁﬁn“ﬁll‘ﬂ'{lml )
=30 -20 =10 0 19 Constant 20 14680
0.2328

ntpzme ——1st2Elts—— t(14)—t(1 ) E::o 1.500

109 ID 121415
102 Entries 5115
10 Mean 0.3056
RMS 2.160

11[—111_11]T1111_J]1]_11111|11111 I

LheAimpr a7, A 13

-30 -20 -10 0 10 Constant 20 13880
0.2743

ntpzme ——1st2Elts—— t(15)—t{ 14} ' aie

103 D 121516
102 Entries 5154
. Mean —-0.4593
RMS 1,983

1 | » »m | s s szh—m miarsl 7/ i
-30 -20 =10 0 10 constant 20 14140

M —0.441

ntpzme ——1st2Elts—— t(15)—t[1§>‘ ?:0 01 402

103 D 121617
102 Entries 5210
10 Mean 0.6069
RMS 1,987
1 |
-30 -20 -10 0 19 Constant 20 13930
0.5714

ntpzme ——1st2Els—— t(17)-t{ 18} " S




Summary : AFEE Time Tag
alignment

o
020920

We confirm the result of the
previous measurement:

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

03090

0526°

MultWinSize :

ID 129999
Entries 274958
Mean 1.430
RMS 2.048

T ITTIITT[ T TIITHI] T TITIITTI TTTIT III

T

o
T

o
w
(]
(&)
]
o
[\
n
l
o

ntpzme —-—1st2Elts—— dt
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AFEE k AFEEj At (j,k) Acorr(k) At(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

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

SPI Scientific 11
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PSD and AFEE Time Tag alignment

verification

eKeepPE=1, KeepSE=0, KeepME=0

eAssoMultWinSize=30 (set to the maximum)
eSetTimeFormatPE=1 (Atyree.psp = tpsp = tarer)

¢ACS mode="ACS ON"
eNew AFEE and PSD delay settings.

ID

<+

Entries 685358
Mean 0.2748E-01
RMS 1.206
x/ndf 2815. / 58
Constant 0.4332E+06
Mean 0.3461E-01

[Sigme, — 06280
| 1 1 1 | | 1 | 1 l

10

PE — t(19-X)

8 January 2003
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30

AFEE At  AtExp At Meas
0 -1.08 -0.081 -0.080
17 18 0164 0.173
2 -189 0108 0.117
3 143 0434 -0.426
4 177 0228 0.230
5 191 0091 0.091
6 -089 0113 0.122
/7 -091  0.094 0.087
8§ -112 0121 -0.118
9 -066 0338 0.349

10  -1.57 0568 -0.556
11 140 -0398 -0.392
12  -067 0327 0.335
13 -079 0212 0.226
14 -097 0025 0.026
15 129 0287 -0.281
16  -087 0127 0.128
17  -1.55 0450 0.457
18 -0.82  0.177 0.185
all  -1.24 0.035
12




Timing

alignment

of

ACS with respect to AFEE

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.

8 January 2003
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10*

102

10%

D 3

<25 keV Entries 47875

Mean -10.35

RMS 6.268

¥ /ndf 7401. / 58

Constant 7712,

Mean -10.83

M

| 1 1 1 1 1 1 1 1 | 1 1 1 1 ‘]

=30 =20 =10 0 10 20 30
PE — t(19-X) e—25kev

- D 2

25-50 kCV Entries 64129

Mean -8.073

RMS 5,741

¥'/ndf 7697. / 58

Constant 0.1507E+4+05

Mean —8.843

L 49

| I i PR RN S W S | ST TR S N P R T

-30 -20 -10 0 10 20 30
PE — 1(19—X) e25—50kev

D 4

Entries 349286

Mean -5.397

RMS 5.481

X'/ndd.4626E+05/ 58

Constant 0.1364E+06

Mean —4.334

Sigma 8862

L L L l L l L L L L L 1 L l L 1 L L l

-30 -20 -10 9 10 20 30
PE — t(19-X)) eBOO—kev

E D 5

Al E Entries 1358113

E Mean -6.455

F RMS 6.172

- X'/ndB.3098E+06/ 58

- Constant  0.3139E+06

E Mean -5.301

i | Sigma 1.332

L | | Y | . [ R T

—30 =20 =10 0 10 20 30

PE — t(19-X) all kev




Alignment of the ACS gate sent to the PSD

TT 18> DlvAfee 18
—»DIlvAfeeSat 18

TT O —> DlvAfee 0

—»\DlvAfeeSat 0

A
S
S
]

TT PSD_»I DlVPSd I

ACS —» DlyVetolst }—‘—H DlyVeto2nd L

ACS PSD*
Measurement method

Pobj>—>

—HSP

Energies / Id PSD

I

» 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.

. PSD

'—> PE

ACS in DFEE

» EvtForceProcPE =1 all PSD ! TT are classified as PE, none will be an SE if PSD says not processed).

(veto gate inside DFEE stays at the same place)
(veto gate sent to PSD arrives earlier/later)

a AFEE
]
« KeepPE = 1 5
* keep constant : DIyVetd1 +DlyVeto2
evary : DlyVetq1

ACS in PSD

« => 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.

8 January 2003 S.Schanne@cea.fr  SPI Scientific
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eKeepPE=1 (monitor the PE disappearance)
eKeepPP=1 (monitor the PP appearance)

Alignment of the ACS gate sent to the PSD

oKeepSE=0, KeepME=0
eSetTimeFormatPE=1

[ ]
2000
1800
1600
1400
1200
1000

800
600
400
200

CS mode="ACS INVERTED"

800

600

400

200

II\‘III [Ty ©

1200

6000

5000

4000

3000

2000

1000

(3,26) : (4,25) :
(10,19

(9,20) ;

1400

I S 1200
— 1000
— 800
- 600
e 200
o
o 5
2000 —
1800 [—— i
1600 [—— i
1400 i
1200 i
1000 i
800 [ i
600 [ b
200 |

400 [—

Distributions of the number of PE per Time Frame
for (DelayVeto1st,DelayVeto2nd) =

(9,24) ; (6,23) ; (7,22) ; (8,21) ;
; (11,18) ; (12,17) ; (13,16)

600

500

400

300

200

100




Alignment of the ACS gate sent to the PSD

Percentage of Time Frames without PE

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

2 4 6 8
DelayVeto1st

10

12

14
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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:

DiyVeto1 = 10
DlyVeto2 = 19

16



List of nominal DFEE parameters commissIONING PHASE RESULT 2002 1209 S.Schanne@cea.fr

ACS

Parameters [4bit]
E7820
E7821
E7822
E7823
E7824
E7825
E7826
E7827
E7828
E7829
E7830
E7831
E7832
E7833
E7834
E7835
E7836
E7837
E7838

E7840
E7841
E7842
E7843
E7844
E7845
E7848

E7697-99

E6898
E6491
E6492

Nominal Redundant Parameters [4bit] Nominal Redundant
0 Ons 0 Ons E7800 11 550 ns 11 550 ns
0 Ons 1 50 ns E7801 12 600 ns 12 600 ns
0 Ons 1 50 ns E7802 12 600 ns 12 600 ns
0 Ons 0 Ons E7803 11 550 ns 11 550 ns
0 Ons 1 50 ns E7804 12 600 ns 12 600 ns
0 Ons 1 50 ns E7805 11 550 ns 11 550 ns
0 Ons 1 50 ns E7806 10 500 ns 11 550 ns
0 Ons 0 Ons E7807 11 550 ns 11 550 ns
0 Ons 0 Ons E7808 10 500 ns 11 550 ns
0 Ons 0 Ons E7809 7 350 ns 7 350 ns
0 Ons 0 Ons E7810 11 550 ns 11 550 ns
0 Ons 0 Ons E7811 9 450 ns 9 450 ns
0 Ons 0 Ons E7812 7 350 ns 7 350 ns
0 Ons 0 Ons E7813 10 500 ns 10 500 ns
0 Ons 0 Ons E7814 10 500 ns 10 500 ns
0 Ons 0 Ons E7815 11 550 ns 11 550 ns
0 Ons 0 Ons E7816 10 500 ns 10 500 ns
0 Ons 1 50 ns E7817 12 600 ns 13 650 ns
0 Ons 0 Ons E7818 10 500 ns 10 500 ns
001000 10 [500 ns E7701-48 0 0 No reset
010101 19 [950 ns E7749-51 111 1 Enable
00101000 40 (2100 ns E7753 00111 |7 350 ns
01011 12 1600 ns E7788 01 1 AC on
00001111 15 [2.95 us E7756-75 1,1 1 Yes
00001100 12 550 ns_ E7787 0 0 Normalresclk
00 0 |Norouting E7777-80 1,1,1,0 [1.1,1,0 [1,1,1,0
0.0.0 0 | Noninhibit E7786 1000 8 6,56 ms
0011 3 |3 TF E7776 00111 |7 52,5 us
1 1 | Enable E7784 0 0 No
0010 2 |2 TF E7781 0 0 No
E7785 0 0 No
9(d) | 175 ns E7782 11 3 All Events
‘1’ ‘1’ E7783 [16bit] [3072 | Words;,

* depending on chosen TM mode




INSTRUMENTAL
BACKGROUND VS. ACS
CONFIGURATION

* 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

P.Jean:lines-vs-threshold-SE+PE-data-CESR-6/11/02 & 11/11/02
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Background as a function of the ACS threshold

Continuum level

Remark: the CR proton rate (monitored
with the 198 keV background line) is
relatively stable during the measurements

P.Jean:14/11/02:cont-rate-vs-threshold-ACS-CESR

5 110-115 keV continuum level vs. ACS threshold
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P.Jean:14/11/02:cont-rate-vs-threshold-ACS-CESR

5 1130-1170 keV continuum level vs. ACS threshold
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P.Jean:14/11/02:cont-rate-vs-threshold-ACS-CESR

s 4000-6000 keV continuum level vs. ACS threshold
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SPI 290 Activity

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...

P.Jean:16/11/02:rate-bck-line-SPI-290

1 511 keV background line rate vs. ACS configuration
1 . 1 0 10 i T T T T T T T T T T T T T T T T T T T T T T T T

1.05 10! i

1.00 10" i

950 102 |- i

511 (c/s/det)
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8.50 102 i

00102 oy
100keV  pl150 pl75 p2150 p275-1 p275-2 p3150 p375 pdl150  pa75  pS150  pS7S
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Background as a function of the veto durations

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

P.Jean:19/11/02:bck-lines-vs-veto-duration-300

1 511 keV background line sensitivity factor vs. veto durations
270 10- | L L L D e L

|

2.50 10"k ]

2.60 10°'[

240 10°'F -
2.30 10"}

2.20 10'1} {

sensitivity factor - sqrt(R,, /R, )/livetime

2.10 10"} t {

20010 e

Smics, 950ns  50mics, 750ns  2.5mics, 750ns  20mics, 750ns  7mics, 750ns  15mics, 750ns  Smics, 750ns
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Background as a function of the veto durations

P.Jean:19/11/02:bck-lines-vs-veto-duration-300

5 1150 keV continuum sensitivity factor vs. veto durations
540 10- L L T T 1T L

t

5.20 107 i

5.00 107 i
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4.60 107 Q

4.40 10 ]

sensitivity factor - sqrt(R /R )/livetime

i |
42010 t i .

i

A00102

Smics, 950ns  50mics, 750ns  2.5mics, 750ns  20mics, 750ns  7mics, 750ns  15mics, 750ns  5mics, 750ns
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Background as a function of the veto durations

Remark: meanlife of the 693 keV nuclear level 1s 0.4 microseconds

P.Jean:24/11/02:build.dat.318.1 to 6
SPI background spectra as a function of the veto duration

Triangular shaped line:"*Ge(n,n'y*Ge*
energy released: 693 keV + recoil energy of the nucleus
— 2: Dt=750 ns, DtS:7 ns

" Dt=750 ns —_
2.00 107 ¢ — 4: Dt=1050 ns, Dt =5.5 ms

— 6: Dt=1050 ns, Dts=7 ns

count/s/keV/det

107

9.00 107}

.00 10-3 | SPI-318 Activity (21/11/02 11:03 to 22/11/02 10:03) \/\
: SE+PE - sum of detectors

660 670 630 690 700 710 720 730
E (keV)



Remarks on background variation

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

P Jean:b5/ 1202 anbwild.dat (01 3
‘:.[’[ Lnrrelatmn hemeen the A*Lb rate ’1|‘|{| the 1*#8 ke‘v’ h*lLLc-ruuml line

2180 T I T T I
—y = -D 14592 + 3 9314& 05:{ H D ?2?1
~ 275G 1
L
=
:’E
]
=
-
=
m b —
% 270 Data : SE+PE
Orbit: 13
{ data with stable ACS configuration
2.65 - T R S S S { 1 L 0

71 ";UU' 0 72000.0 72500.0 73000.0 73500.0 74000.0 T4500.0
ACS rate (¢fs)



Remarks on background variation

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

P Jean:5/ 1202 anbuild.dat (K113
SPI : Correlation between the ACS rate and the 198 keV background line

200 r——————— 77 T 7 T T T T T T T T
[—vy = 0.52658 + 0.00038984x R= 0.96911
-~ 275t |
3 |
=
)
2
=
>
2 _
2 270t .
} [ Data : SE+PE
Orbir: 13
{ data with stable ACS configuration
265 I I I I I } L L L L | L L L L | L L L L | L L L L | L L L L | L

5450.0 5500.0 5550.0 5600.0 5650.0 5700.0 5750.0 5800.0

ACS saturating event rate (¢/s)



511 keV (c/s/det)

Remarks on background variation

P.Jean:08/12/03:511-vs-acs-sat

SPI 511 keV background line rate as a function of the ACS saturating event rate

1.04 10™ . . . . . .
| Data: complete spectra from orbits 19 to 22, SE+PE events, all detectors
1.02 107" F _
1.00 107" | -
9.80 107 - .
y =m0*ml+m2
Value Error
i ml 1.9122¢-05 3.3878¢-06
) m2 -0.011081 0.019546
9.60 10 2L Chisq 13.0479 : NA || 7]
R 0.95538 NA
R R R R | R R | R R | R R | R R | R R | R R
5600 5650 5700 5750 5800 5850 5900 5950

ACS saturating event rate (c/s)



INTEGRAL Gamma-Ray Line Spectroscopy

Roland Dieh/

Background Situation
Specific Line Regimes
Sensitivity Estimates

<INT_spectral> Roland Diehl



SPI Background: Overview

1055
single-detector events ] multiple-detector events
| h\ ] 104} E
I, e ]|
£ o] Wl % | I | twwmulh” |
- 10 Fly 1| :
af % ] 103_)%“J ‘e‘ ' UJ@M .
w0l ird 113 M S
500 1000 1500 2000 500 1000 1500 2000
Energy (keV) T Energy (keV)
det=0,18
pnt=(71.4,3.2)

* ~200 Instrumental Lines from

Activation (~40 with High In'rensny '.
Line Blends)

* ~Background-free Spectral Regimes
with Count Rate <0.1 cts sec-! keV-!

<INT_spectral>

Roland Diehl



Overview: Typical Spectra

HE (singles, multiples)

1000 -
100k
@ B
0 =
o] [®)]
§ 10¢
E pnt=(240&6=00 18 E
1 1 --------- Lo s s o o 2 3 3 3 Lo s s o o 2 3 3 3 Lo s s o o 2 3 3 3 | PR S A AT
| 3000 4000 5000 6000 7000 8000
10 pnt=(24 00 ) Energy (keV)
0
1 0 L 1 L 1 L 1 L 1 L 1 L 1 N M L
2000 4000 6000 8000 1000
Energy (keV) i
100 3
. [ ] ..@ C
Rev 24 / Empty Field
Q

10}

pnt=(2dele W0 &)

3000 4000 5000 6000 7000 8000
Energy (keV)

<INT_spectral> Roland Diehl



PSD Processing

* PSD searches for a match
of pulseshape to its library

PSD=1 (ID 123-141)

PSD=0 (ID 104-122)

500 1000 1520 det=1.012000
Energy (keV) a )

500 1000 prit5G0 plet«17.0/2000

Energy (keV)

PSD not useful (85-103)

<INT_spectral>

500 1000 1500 2000
Energy (keV)

Roland Diehl



Inspection of Early SPI Spectra (eco2

* Analysis Steps:
ISDC NRT Data Processing with SPT_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 2¢Al signal yet

<INT_spectral> Roland Diehl



Early SPI Spectra / RoD

* Data Sample: Overview

Date Source
10.12.2002 empty 240/40
11.12.2002 empty 240/40
21.12.2002 empty 240/40
21.12.2002 empty 240/40
29.12.2002 empty 60/-45

17.11.2002 Cyg onax hex
Cyg onax staring

29.12.2002 Cyg onax 5x5
20.12.2002 Cyg 2.7 deg off
20.12.2002 Cyg 2.7 deg off
18.12.2002 Cyg 7.4 deg off
21.12.2002 Cyg 7.4 deg off
29.12.2002 Cyg 9 deg off

<INT_spectral>

Observations

Rev 12+13
Rev 12+13
Rev 12+13
Rev 12+13
Rev 24

Rev 11

Rev 18
Rev 19
Rev 20
Rev 21
Rev 22
Rev 23

Axis

240/40
240/40
240/40
240/40
60/-45

71.3/3.1
72.8/-2.5
70.2/5.3
71.3/3.0
704 /8.2
71/10

Obs Times

E Range

70-3070
1000-2000
20-8020
1750-1830
1000-2000

70-3070

1000-2000
1000-2000
1000-2000
1000-2000
1000-2000
1000-2000

Binsize

1
0.5
1
0.5
0.5

0.5
0.5
0.5
0.5
0.5
0.5

no ptgs

36
81
55
92

livetime
117896.0
117896.0
117896.0
117896.0
0.0

65740.0

290.4
57681.8
123106.6
102900.1
175355.0
18639.9

Roland Diehl



<INT_spectral>

E [keV]
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

Features in SPI Spectra

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



P.Jean: 13/12/02

Energy Calibration

* SPI Team's Deep Performance Analysis

“"Ge Camera: CESR

SPI : Rough calibration of the Low Energy range

139.8 keV
10° L S 1
438.6 keV
g 10t | ]
z 1778.7 keV
5
g 100k 4
Linear fit
107 1 !
10° 10°
E (keV)
* Use Lines Which

<INT_spectral>

““"Are Strong
““" Are Isolated

““”Are No Blends
“*"Have Known Origin

P Jean - 13/12/02

count/s/keV/detector

1073

SP1: Rough calibration of the High Energy range

T
" 275414 keV

61292 keV

\ \ 7415.60 keV

[ 22233 kel
Linear fit
1073 I I I L L |
210° 310° 4 10° 510° 6107 7107 8 10°

E (keV)

Possible Problems
““"Unknown Blends
“” Activation Changes
““"Detector Degradation
““"Nonlinearities (!)

Roland Diehl



SPI Detector Calibration

revll bgd line tfits

. . 1120 ¥ z E ¥ T ' T
* Determine channel/energy Conversion ; _
“"Per detector sl .
“"Per time i :
— o —
*  Results AT I : .
& 'ISDC' calibration Nov 2002 e ; s et 0
3
- Fit per detector and dither pointing, j : .
Gaussian )
112 -
- Different Pointings Vary by ~0.7 keV
- Different Detectors Vary by ~2 keV N,
111 L L . . 1 " . L L 1 L . . A 1 . . . .
0 5 10 15 20
detector 1D
revl1 bgd line fits
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E ¥ é * ’ ks Q + A e A
- AR A N * x * & X “ T o
% L + < ? * < & < N f
= 10f ! e 3 .
£ - e A
o5l o ]
0.0_ I RS S RS S SR 1
o] 5 10 15 20
detector 1D
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Variations per Detector & Time

0011 1764/1779 bgd Line Fits / RD 10Dec02
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Variations: Detector or Activation Trends?

11 1764/1779 ine Fits Det#1 / F ) 011 176 e Eits Detd 5 OPens 0011 bgd Line Fits Det#18 / RD 10Dec02
0011 176471779 bgd Line Fits Detf1 / RD 10Dec02 vaog L 176 /1779 bad Line Fits Detj1 / RD 10Dec02 0011 1764/1779 bgd Line Fits Detf1 / RD 10Dec02 g e OQ11 Bg@ Line Fits Detff18 / RO 100ec02
7 - ! 1 g s U SR A %
»
o N . R. . ]
. .. Noise? ising?? . )
) ’ ' * : C lated
4 + S T RO gt +
. P rsofe £ bt e o ] : orrelated?
+ ] .
- v + x = F
. + z . + sL ]
23 o x X - 3 . . X + + Lt .
£ x + 3 £ +
3 L ) Sl g”“"‘_ . im Lt o= + o . &
P + . = ] o N ® + E « -
.‘: R LS o Sal AV e kr W :‘X’ﬁfk L. x!!‘nxﬂ, e + + o + _”: = f 10 - . »
HEI S 1 £ o O o 5 . . . : N % ;
5 * + ] : * ¥ o * S = * :?" * x
ot 1770 * * . ¥ + * e *
+ 5 F *
& o : Falling? R L. ]
. . . - =y . * ®
+ * *, % x .
* " »
. + 1760 . L . o o * | * . : Q L L
' . 0 10 20 30 40 50 o 10 20 30 40 50 o 5 ) o 15 20
0 10 70P - 30 40 50 Painting 10 Peinting It 5 Line Amplitude 1764
sinting It o o
. . " 0011 1764/1779 bgd Line Fits Det§18 / RD 10Dec02 a11 " ) ine Fits [ 3 R0 10Dech’ 0011 bgd Line Fits Det§18 / RD 10Dec02
0011 1764/1779 bgd Line Fits Det#18 / RD 10Dec02 1800 @ 8 T A - Jor QL1 176471779 bgd Line Fits Detf18 / RD 100ec02 1795 . . :
5 + T
. .
fai Falling?? Ili |
% Uncorrelated?
.. Rising? E e, 2 . Falling?? ncorrelated?
1790k * e b T eyt e ] i
£ g - +
= z
= " x w1792 e
%3 . [ x ;
- * 2 1raof . N N H * K
5 & * , T " : ! . 3 x wEFs X
= + * X . e 5 ) T+, @ 1790 o *
s ,E ¥ +|KK + Jlt)r - E S ‘xx‘(“xx,mxg Yt SR !x!x"‘l " + o o R . £ * . J.g-e*‘)ﬁ xR
= Jrem Xt + W x * * * * 1 whey * 4+ ' * = "
.- W W, + . 70 = Ro ° 7 - |+‘ 3 "2‘ ® £
+ + 1 ' &= — »
R v ising? - AL L ol ]
. 4 x L5 + M Tx ®Ex ER
N £ * ™ %
+ 4 £l » o+
1760 I I L o . NPT % 4 1786 L L L
0 ! 0 10 20 0 0 50 0 10 20 10 40 50 e 2 e e e 17ED
o 10 20 40 50 Painting 10 Pointing 1D Line Center 176

Painting 10

* Possi

<INT_spectral>

Trends with Time

ble Trends:
* Detector Gains (& Degradations)
* Activation Increases/Decays

Correlations

Roland Diehl



.trends: rev2l

1830

1820

1810

1800

1790

1780

1770

1760

—e—0-1779
—=—0-1764
0-1809
——1-1764
—x—2-1764
—e—3-1764
—+—4-1764
——5-1764
———6-1764
7-1764
8-1764
9-1764
—<-10-1764
——11-1764
—o—12-1764
- 13-1764
——14-1764
———15-1764
—+—16-1764
——17-1764
—4—18-1764

<INT_spectral>
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1130

1120

1110

1100

——0-1106
—%—0-1116
—e—0-1123

1770

1765

peak energy

1760

—=—0-1764
11764
—%—2-1764
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——4-1764
——5-1764
———6-1764
7-1764
81764
9-1764
101764
111764
e 121764
131764
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pointing no.
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¥ ¥ ¥ %Y b 1 6 L

<IN

R21: Energy Calibration Stability

1825

1820

1815

1810

peak energy

1805

1800

1795

pointing no.

—=—0-1809
¢ 1-1809
—%—2-1809
—e—3-1809
—+—4-1809
—=—5-1809
———6-1809
7-1809
8-1809
9-1809
~ < 10-1809
o 11-1809
e 12
13
——14
———15
—+—16

a7

A 18

.. Trends

Statistics limits accuracy of spectral-line
fits

Trends are small here

Energy calibration seems stable over ~days

Roland Diehl



.. Trends

line amplitude

40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10

o N b O @

R21: Intensity Variations

Te— — — o e — - 7 —r T - — —
~ [sp] (e} N~ [} ~ [sp} Yo} N~ [} - [sg] Yo N~ [} ~— (32} To] N~ [o)] ~ ™ wn N~ (o] ~
\ ~ s \ s N N N N N ™ [32] [Se] ™ (So] < <t < < <t Yol

pointing no.

—o— 0-1779
—o— 0-1764

0-1809
——1-1764
—%—2-1764
—o— 0-1106
—0—0-1116
—e—0-1123

For more intense lines, trends per orbit are indicated

Use these, + physics correlations, to model background in ROI

<INT_spectral>
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Identification of Background Lines

.. two examples...

Cyg Obs Revll
1065 _ Be Spallation->"Be(EC)’Li (53d) 104
] 4386 ] 1779.2

PO L Fe/Ni/Cu Spallation->°°Mn(B-)°¢Fe (2.6h)

17597 f:

H - 1810.8
; 11704 1458 1888 99021
if fﬂ: o 18329 8 8620 '?82_3%93_51

- E:C'a:://bra@y/he enerqgy (keV)

1004

1043

— —
1600 1850

g 1 T N i R R

1. Detailed Spectral Fit with Instrumental Response -> Line Components

2. Isotope Identification per Line
(6amma-Ray Line Lists from ‘Table-of -Isotopes’ References

<INT_spectral> Roland Diehl



Reference Data

Rev 12 subtracted from Rev 13

4f det=0,18 ] o
4+10 pnt=(240.0{40.0) 1 L

Rev 12 ; . F

] b |
i Rev 13 1 5 | :
5 ] O -500 -
o 3 E f
] % -1000 .
D B 4
] o r ]
E -1500 - .
200 300 900 1000 1100 1200 20005 | NP ]

700 800 900 1000 1100 1200
Energy (keV) Energy (keV)

* "Empty Fields" observed, e.g. (I,b)=(240°,40°) i 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
<INT_spectral> Roland Diehl



Example: 511 keV Line Region Background

. ; 600
af det=0,18 ] |
4.54107F pnt=(240.0,40.0) 7 400 7
4.0-10%F E @ 200
; ] 2
2 35104t = 3 of
S £ = .
-200
3 om0t} ] g 20} single-detector events
@ 400 F
25:10%f 3 i 40
: -600
20-10%F ]
=1 1 1 '] 1 - o W | -8001 1 1 1l 1 1 1
500 505 510 515 520 525 530 500 505 510 515 520 525 530
Energy (keV) Energy (keV)
10000: dote19,84 ] | det=19,84
[ pt=(240.0,40.0) 1 200 _ ! on =(240.0,40.0)
] i off=(240.0,40.0)
8000 4 € 100
@ S .
c g
3 so0of ] z multiple-detector events
[&] E E
4000 ] 1an
2000 T i e -200 ) ; L . . ;
500 505 510 515 520 525 530 500 505 510 515 520 525 530

Energy (keV) Energy (keV)

* Different Background Components in 'single-detector’ and
'multiple-detector’ events

'singles’ include two components with different variability
'multiples’ appear ~more stable

<INT_spectral> Roland Diehl



Example: %°Al Line Region

: _ det=0,18 2005_ ! det=0,18 _
4000F [ pnt=(240.0,40.0) 1 3 Il on =(240.0,40.0)
: E @ 100 Ay A :
r ] c 3 1l
& - ] 1 Igf e il
+ 3000 Il E 4} o HHike LT s
S | ] o il !
o ] © ET
© : ﬂ ] ° 3 !
2000} ; & _1002
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3 Major Instrumental Features
* Celestial 2%Al 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 ;
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Rev 20, mul'rlple evem's only
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* 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

Roland Diehl



.. around the 1809 keV Line....
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Orbit 19 (Cyg X-1 pointing 5x5 dither)
Fitting Gaussian Lines

<INT_spectral>
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Early Sensitivity Estimates

* Based on Rev 11
(Cyg X-1 hex dither, 63000 s)

*  Extract Bgd Counts in
3c Window Around
Astrophysically-Interesting Line

* Use Efficiency etc. from
Sci Perf Rep,

Sensitivity (ph cm? s™)

6.00E-05
5.00E-05 £
4.00E-05
3.00E-05

2.00E-05 +

SPI Sensitivity

Roland Diehl10.12.200

PR

o Estimate Dec02
O SciPerfRep

T, 10% sec, 3c Limits D a
1.00E-05 £ (]
= B S S
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Energy (keV)
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 (30) (3 0)
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 54 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

<INT_spectral>
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SPI Background Simulations:
Update

G. Weidenspointner, GSFC

G. WEIDENSPOINTNER, GSFC SPI MEETING, JAN. 03, TOULOUSE



MGG(P)OD Code: Update

e 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 fixed, nuclear data are being checked, corrected, and
completed

o INTEGRAL mass model:

— found and corrected inconsistencies and small bugs, all of
which where corrected

e 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 511 keV line)

e GSFC SPIHIST (to histogram simulations):

— created new model for instrumental resolution, which takes
into account the intrinsic width of the instrumental 511 keV
line

e 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. 03, TOULOUSE



Comparison of Simulation and Data

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

e Simulation accounts for 71% of the actual background rate in

20 keV — 8 MeV.

e Remaining deficiencies 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

20%).
— 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. 03, TOULOUSE



Comparison of Simulation and Data:
Single Detector Events

100.0000

SPI Data: Rev. 7, ScW 70, Singles+PSD
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Comparison of Simulation and Data:
Double and Triple Events
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SPI Data: Rev. 7, ScW 70, Doubles+Triples
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SPI Background
Variability

B. J. Teegarden

SPI Col Meeting - Toulouse



Signal-to-Background Ratio

e Small signal-to-background ratio (S/B).

> Small even for strongest lines.

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

911 2x10-3 9.4 5.0

1809 5x104 32.6 5.7

— Small variations in background can be important.

B. J. Teegarden SPI Col Meeting, Toulouse, 1/9/03



Signal-to-Background Ratio
at Sensitivity Limit

5P| Signal to Background Ratio (T = 1046 sec)

— Narrow Line {(dE = 3 keV)

— Continuum [dE/E = 0.2}
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Rev(a) 18-18
Avg. Interval = Q.1 hr

Ge LLD Rate
(summed over all detectors)
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Ge LLD Rate - Rev 15-29
(summed over all detectors)

Revisy 15-29
Avg. Interval = 1.0 hr
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Ge & ACS ULD Rates
(saturating events)
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ACS ULD Fourier Spectrum (Revs. 15-29)

Rev{s) 15—28

Fourier Spectrum
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Ge LLD & ACS LLD Comparison

B. J. Teegarden

Parcent Wariation
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Ge LLD Fourier Spectrum (Revs. 26-29)

Revis) 2629

Fourier Spectrum
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Sensitivity to Background Variation
e Signal is “chopped” by dithering.

e For a point source most of the chopping power
will be at the dithering frequency: ~ 1 hr'

e For a diffuse source the chopping power will
move to lower frequencies.

B. J. Teegarden SPI Col Meeting, Toulouse, 1/9/03
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511 keV Map (OSSE)

30 25 20 15 10 5 o -5 -10 -15 -20 -25 -30

e 511 keV diffuse emission over at least 40° x 15° region
> Time to scan region ~100 hr = ~4 days

B. J. Teegarden SPI Col Meeting, Toulouse, 1/9/03
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Future Analysis

e Simulate data and make images of point and
diffuse sources using known background
variability.

> 511 and 1809 keV GCDE is most important.

e Long stretches (> 1 mo.) of continuous data with
no strong sources in FOV are needed for
analysis of background variations.

> Need to gain access to Open Program data.

B. J. Teegarden SPI Col Meeting, Toulouse, 1/9/03 12
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