Summary of Crab Results

Method. Data BKG Norm. Index Index Flux 50-100
Constrained  (erg/cm?/s)

SPIROS Flight Yes 14.3 2.15 No 8.56e-9

Flight Yes 12.9 2.12 Yes 8.61e-9

XSPEC-12 Flight Yes 12.0 2.14 No 7.35e-9

Flight Yes 10.0 2.12 Yes 6.67¢-9

SPIROS Sim No 7.1 2.05 No 6.35e-9

Sim No 9.3 2.12 Yes 6.22e-9

Sim Yes 8.2 2.08 No 6.36¢e-9

Sim Yes 9.3 2.12 Yes 6.22e-9

XSPEC-12 Sim No 6.8 2.07 No 5.61e-9

Sim No 8.4 2.12 Yes 5.60e-9

Sim Yes 7.7 2.11 No 5.36e-9

Sim Yes 8.1 2.12 Yes 5.40e-9

Model 8.0 2.12 5.34e-9
Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 11



Comparison with CGRO, GRIS Results

« Single PL fits, with the ,-2 Crab Model Fi
1 = T — T T T 1 T T T T T T T3
cc?rrected IRFs are now ' -SRI (11.0.2.14)
slightly steeper than : i {{a 1 3;333.2391 ]
GRIS, but still flatter than -1
10
OSSE.

« Broken PL fits have also
been attempted.

ph/eme2 /e key
&

Model crab:bknp Fit to Data Group: 1 Source No.: 1 10 : T -
Model Component Name: bknpower Number: 1 C .
N Name  Unit  Value Sigma .

1 Pholndxl 2.0915E+00  +/- 5.2952E-03 B 7

2 BreakE keV 1.5074E+02  +/- 1.4702E+02 - -

3 Pholndx2 2.2198E+00  +/- 1.9515E-01 1ﬂ-ﬁ |

4 norm 9.6231E+00  +/- 1.8944E-01 100 1000

E {keV)

Chi-Squared = 7.3109750E+04 using 36575 PHA bins.
Reduced chi-squared = 2.0038304E+00 for 36485 degrees of freedom

Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 12



Extrapolation of
both the single PL
fits, and broken PL
fits thus far
obtained, still over
predict the higher
energy points of
COMPTEL and

EGRET.

Extrapolation to Higher Energies

Extrapolatian of SPl PL & BPL fita
L] IIIIIII L] L) IIIIIII L] LI L] iy T rmrrrf

'|ﬂ2 TTTT]

= =57 Bkn

+ ECRET

Fhotons{em2 s Mevr{-1)

Tt | BN

PL

=5A asingla PL
10~ 8 + CAMPTEL

a.a1 f.10

1.04

10.04 140.04 134004 100800
Energy (MeV)
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GRS 1915+105

Additio??‘é e\tf.idence for 0 GRS 1915+105: RXTE + INTEGRAL, Apr 3,2003
cross-calibration W B W % @ oe FE e
differences across
methods & instruments
has recently emerged in a
joint GSFC/Saclay effort
to model GRS 1915,
during it s rev 57 & 62
outbursts.

10~2

+ RXTE/PCA BMC: [1.1, 185, 0.4}
In this RXTE/PCA, SPI & Birivhyrorves oy o
IBIS composite, there are - &P (SPIRAS) {PO): [82.0, 3.1}
normalization differences, 10~
not only between XSPEC-

12 & SPIROS SPI

. -5
models, but are evident T E

S
% =3
s

T ||||||I'|
1 IIIIII|]

with IBIS also.

L1l

1ﬂ-£ L L L L L
1 14

EkeV)
Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 14



Results Summary

On Crab flight data, the SPIROS & XSPEC-12 methods consistently produce very
similar spectral indices but substantially different normalizations (~15%).

On simulated data, the SPIROS & XSPEC-12 methods again produce very similar
spectral indices but SPIROS overestimates the incident flux by ~16-19% while the
XSPEC-12 flux is within 5% of the model.

The turnover at low energies seen in the analysis of Crab flight data is not seen in the
simulated data analyses. Thus we determined that there was an IRF calibration
problem which has been corrected. This was not unexpected considering the lowest
energy used to calibrate the IRFS was 59.5 keV.

The excess above ~300 keV observed in SPIROS output, is only seen in data which
contain background. (It was not present in the simulated data without background
results.) We do not currently have an explanation for this. XSPEC-12 does not
produce such an excess, however, it may in fact over-subtract the high-energy
background (as revealed in recent work on GRS 1915+105 w/Saclay group).

Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 15



New results at low energy from BLC Calibration

Motivation: is there a problem at low energy (<40 keV) in the IRF?

In the IRF computation, the low-energy correction was just a constant extrapolation from the
241-Am (59.5 keV) correction.

We observe problems in the low-energy range of the Crab spectrum

) Need of calibrated data below 40 keV

Solution: Revisiting the BLC data and analyzing the low-energy lines from 33Ba (30,6-
30,9)keV and (34,9-35,8) keV.

B. Cordier Co-l meeting Toulouse 11-13 june 03




New results at low energy from BLC Calibration

Calculation of the full energy peak effective area in imaging mode at 30 and 35 keV.
The method is described in the « SPI Ground calibration » paper (Attie et al.)

We use the 133Ba data at (30,6-30,9) keV and (34,9-35,8) keV corrected
By the mask absorption measured by the University of Valencia.

Spectrumn of BAT33 © 30.6-30.9 ke & 34.9-33.8 ke¥

5000 3
+000 F- A\ =
2 / o\ :
3000 E— / "'-., —E
) E i 4 =
= 1
© zon0 i— j :"., —i
E \ 3
1000 - / TN e
20 25 30 35 40 45

Energy (ke'}

B. Cordier Co-l meeting Toulouse 11-13 june 03




New results at low energy from BLC Calibration

We compare the full energy peak effective area in imaging mode with the Arf1 (photoelectric peak) values
Computed for a science window with the source on axes.

- Total Effective Area

JHMQ%N’ x  Corrected ARF
10°} %% - Old ARF i
¥ b i

iy
fx
T

'X
X P

Effective area (cm?)

10 i

Energy (keV)

The new Arf (computed by GSFC) is more compatible with the low-energy measurements
Over corrected?

B. Cordier Co-l meeting Toulouse 11-13 june 03




In-Flight Response Corrections

Steve Sturner
NASA/GSFC, USRA



We have performed spectral
analysis of rev 44 data from the
Crab Nebula + pulsar using
both SPIROS and XSPEC-12.

We found an efficiency
problem below ~40 keV. If
due to absorption in passive
material, it requires 10-30 um
of Ge or 0.2-0.8 mm of Al

This was not unexpected.

There 1s an excess at energies
300 keV for which we do not
have an explanation.

Photons/cm? s keV

Crab Analysis

0.01

1073

107*

- 1075

10

10

100 1000
channel energy (keV)

SPIROS unfolded spectrum and model

Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 2



We derived IRF
correction factors by
fitting the Crab
spectrum above 40-50
keV with a single
power-law and then
forcing this fit when the
low energy channels
were included.

The low-energy
correction factors are
derived from a fit to the
model-to-data ratios for
both XSPEC-12 and
SPIROS analyses.

Low-Energy Correction Factors

2y~ ***1r v v v+ r v 41 ¢ r [ & 11

Ratie

0.4} s

20 25 30 35 40 45
E {keV)

Ratio of Crab data to best-fit power-law model
above ~40 keV for SPIROS (black) and XSPEC-
12 (red) analyses.

Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 3



New Results - SPIROS

107F
>
2 5
= 107
(\l\ N
g
9
w2
g
S 107
210
[a W

10°F

20 100 | 1000
Energy (keV)

Comparison of SPIROS output using both IRFs corrected at low energies and
those not corrected, as well as the best-fit power-law model for data above ~40
keV.

Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse




XSPEC-12 data and
folded model are shown
here using the low E
corrected IRFs.

There are two model
curves depicted (source
and background). The
best fit model is:

119 E-2.14i0.01 , XV2:1'91

Steve Sturner, SPI Team Meeting June 11-13

, 2003 Toulouse



New Results - XSPEC-12

1a=1 RevO044 Crah, Single PL Fit
3 T T E
1072 single PL: Gamma=2.14, K=11.9 =
* The same fit 1s -3 .
depicted here T ;
in photon T .
104 s
space. 3 5
1073 | E
10-8 . PR . —— I HH i

14 100 10400 10404

E {ke¥)

Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 6



Normalization Problem?

Method. Data BKG Norm. Index Index Flux50-100
Constrained  (erg/cm?/s)
SPIROS Flight Yes 14.3 2.15 No 8.56e-9
Flight Yes 12.9 2.12 Yes 8.61e-9
XSPEC-12 Flight Yes 12.0 2.14 No 7.35e-9
Flight Yes 10.0 2.12 Yes 6.67¢-9
SPIROS Sim No 7.1 2.05 No 6.35e-9
Sim No 9.3 2.12 Yes 6.22¢-9
Sim Yes 8.2 2.08 No 6.36e-9
Sim Yes 9.3 2.12 Yes 6.22e-9
XSPEC-12 Sim No 6.8 2.07 No 5.61e-9
Sim No 8.4 2.12 Yes 5.60e-9
Sim Yes 7.7 2.11 No 5.36e-9
Sim Yes 8.1 2.12 Yes 5.40e-9
Model 8.0 2.12 5.34e-9
Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 7



GRS 1915+105

o Additional evidence for a GRS 1915+ 105: RXTE + INTEGRAL, Apr 3,2003
Iﬂ T T T T 1.1 || T T T T | I I
cross-calibration
differences across
methods & instruments 16”1
has recently emerged in a

joint GSFC/Saclay effort

- ISR (PO): (N2, 2.4}
- &A1 (SPIROS) {PO): [82.0, 3.1}

to model GRS 1915, 103k :
during it s rev 57 & 62 ) 5 .
outbursts. ) - i
% 10~3|- + RXTE/PCA BMC: [1.1, 1.85, 0.4} -
g = - S XSPEC12 (PO): {289, 24.2) :

e In this RXTE/PCA, SPI
& IBIS composite, there 10-4
are normalization
differences, not only

between XSPEC-12 & m-ﬁE

T 1 |||||I'|
| - | IIIII|I

SPIROS SPI models, but
are evident with IBIS
also. 10~

L1l

1 14

EleV)

Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 8



Open Issues

How does the work on the low energy *3Ba BLC data agree with in-
flight Crab analysis?

On Crab flight data, the SPIROS & XSPEC-12 methods consistently
produce very similar spectral indices but substantially different
normalizations (~15%). Why? Need for SPIROS ARF?

The excess above ~300 keV observed in SPIROS output, is only seen
in data which contain background. (It was not present in the simulated
data without background results.) We do not currently have an
explanation for this. XSPEC-12 does not produce such an excess,
however, it may in fact over-subtract the high-energy background (as
revealed in recent work on GRS 1915+105 w/Saclay group).

Steve Sturner, SPI Team Meeting June 11-13, 2003 Toulouse 9



=P SPI Team Meeting, Toulouse, 2003 06 12

SAp

* | SGRI-SPI spectra comparison
« SPIROS background methods

e Data analysis problems encountered in Saclay

Patrick Szun, CEA Saclay

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun



SAp

|SGRI VS SPI : Crabrev 44

Crab, rev 44, 72 ptgs
ISGRI {blue) and SPI {green) spectra
L} L) L] L) LI B ) l L) L) L) L) L) T

10

1

normalized counts/sec/keV

1071077 107%107% 107 1073 0.01 0.1

- l L L L L L AL L l
100 1000
channel energy (keV)

slzun 10=Jun=2003 16:03

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun



SAp

|SGRI VS SPI : Crabrev 44

Crab, rav 44, 72 ptga

ISGR1 ond SP] apactra

- =

QE e
QE "
L

~E

Photons/cm? g keV
1074
—
04

1079

channel energy (ke¥)

slzun 10—Jun—-20003 16:05

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun



e«

SAp

|SGRI VS SPI : Crabrev 44

» gpectra are compatible in their common energy range
»same slope

»different normalization

»used C. Shrader’ s new |IRF for SPI spectrum

» | SGRI Saclay team still working on anew |SGRI |RF

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun



SAp

ISGRI VSSPI : GRS 1915+105rev 57

GRS1815+105, rev 57
ISGRI (blue) and SPI {green) spectra

0

1

1

normolized counts/sec/kev

107 10°% 1077 107% 107® 10™* 10™° 0.01 0.1

. N ) N P T .
20 50 100 200 500

channel energy (keV)

sfzun 10=Jun=2003 1612

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun



ISGRI VSSPI : GRS 1915+105rev 57

.. GRS 1915+105. RXTE + INTEGRAL, Aar 3,2003
E L L L L LI II L L] L L L LIL L I
SAp g
m-i?
II‘J-:E— 5
< F Y :
% 10~ + RXTE/RCA BMC: (1.1, 185, 0.4} *’q‘ﬁ -
= E - 8P ¥SPEC12 (PQ): {2.89, 2.3} i& 3
s - ISGRI (PO): [N2, 2.4} ﬁ* z
- - &P (SPIRAS) {PO}: [82.0, 3.1} i 7
e B E
1073 iE ik
C. Shrader - 1| 3
10~8 . | Al
1 10

EheV)

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun



old IRFVSnew IRF: Crabrev 44

Crab, rev 44, 72
SAp old IRF (blue), new IRF (rad), pr:werlr:: (gresmn)m'II

e ~ ] sstill aproblem with
o | IRFat 20keV ?
it ﬁ' T ] =background
g, e, ] residuals
§T:: *+"'-.-l-..,+ . .
3 e, ) =plus pb with spiros
§% T
%
. 200 %0

chonnel energy {ke¥)

slzun 10—Jun—2003 146:26

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun



background methods : method 2 ok
0

SAp

DFEE count rates + method 2 | | background (ptg 30, bin 1) |

160 method 2

0 L
E 10 signal E -
B e 3 140
3 —background
2 -
3 11 — Crab 120
4] = —
C 100—
0L N
s 80
10'2>\ Q0
- 40—

10
ﬁwﬁqﬁ ]dpﬂﬁﬂ Hf | 20
10‘4 RS |||||ﬂ:Mh.}"jl'l'Jl.l ol Lo e e e e L e L |
10° 10° - 0 10 20 30 40 50 60 70 80
Energy (keV) Detector

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun



e background methods: method 3

| background model (ptg 30, bin 1) | [ DFEE count rates + method 3 |
464 % 10 |
5 T '-f; —signal
0 4521 ki — background
C 5 —Crab
460— 2 1E
458 - 3
| — _‘I ]
4567 0 &
454— -
C 0L
4521 =
450 B
\ 107
448 =
446:_||||\||\|\||\||||\||||\||\||||\||||\||||\||\|| 10'4_ Coocaald Lot w1 L1
0 10 20 A 140 50 60 70 80 80 10° 10°
detector Energy (keV)
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(&) empty field + background method 3 : still not perfect

| background model | | empty field + method 3 |
n300— empty field rev 38, spioffback output ~
‘g C 210 :
2 [ B —signal
250 % —background
L s —Crab
- g 1¢
200 n
- 0
1501} =
Il ™
n 10°L
100 — =
N =N
S0~ WE “u i ¥
- - | {3[ o [ 1} ]r}
n_l\l\l\l\l lLlI.'.L_lJ.Ll\I\.lL.lJ.IJ.‘I\I\|\I\\i\\\\i\ 10_4 1 1 1 III| 1 1 L-I-l ||.i...| T 1 1 L1
0 10 20 30 4 50 60 70 8 90 - 1wl 10°
detector Energy (keV)
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Cygnus X-1: high ener roblems
e Y9 9 gy p

SAp

eanalysis parameters :

v'rev 20 on axis, consolidated data, only ptgs with a
good y2

v'public OSA release 1.0

v'ISDC keV-chan file, DFEE count rates, method 2
eresult :

v KT =100 keV !

v'unlike L. Bouchet & C. Shrader ?

vIike ISGRI ?

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun



SAp

Cygnus X-1: high energy problems

Cyg X—1, rav 20 on amis, 31 pigs
compat : kT = 99.99 keV, tau = 1.580
v v v v v L

0.01

10~%

107°

normolized counts/sec/keV
1074

10°¢

PR | i L M M
100 200 500
channel energy (keV)

S
3

sfzun 10=Jun=2003 16:35
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Cygnus X-1: high ener roblems
e Y9 9 gy p

SAp

econclusions:
v'8 arcmin offset
v'usual problem with bad background substraction
v problem specific with early revolutions ?

v'problem with public software release

SPI Scientific Team Meeting, Toulouse, June 11-13 2003 P. Sizun
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§ET) _ TEAM MEETING

PURPOSE :

CALIBRATION :
“OEFFICIENT)

Philippe PAUL - 12 1uin 2003

CESR



§E~T) > TEAM MEETING

DATA SETUP

AFEE SATURATION FLUX STABILITY

Philippe PAUL - 12 1uin 2003

CESR




FSCIENTIFIC TEAM MEETING

Cryogenic temperatures : Cold plate oprating temp 1 (K)
T T ] 1 U I I | T T

|
4.95x105

1 L |
5.00x10° 5.05%10

5.10x10

6 6

AT =0.06 K
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IENTIFIC TEAM MEETING

RATION FLUX

{IIIIlIIIIlIIIIIIIII'IIIIIIlEIII!IllII!JlllI

_fIII[IIIleI1IIIIII|||||]]]I|III]IIIII|lIIlIIIII|l]T|L

LLLL bbb

1 | 1 L 1 | 1 L 1 | 1 1 L I 'l 1 1 | 1 I} 1 l 1 1 I} ] 1
2.0x10% 4.0x10% g.ox10% g8.0x10% 1.0x10° 1.2x10° 1.4x10°
Time (s) Lissage : (reel/visible) 14
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§Iﬁ> [TFIC TEAM MEETING

CALIBRATION LINES USED : 23 line

EZSHSINIEME spectta__Ge(n.y)"“Ge

ed at 139.8796 keV

% Geln) " Ge

(686 ot 7
id 11nc¢

Two ‘mixed
\ o lines mixed
. 5 wo lines mixed
% %‘ 86 One line
iy One line
882,35  |Onmeline  69Ge
1014,4 | Two lines
1117,1 One line blended with above
1124,5 Problem with statistics
1336,6 Two lines mixed
1368,53 4 lines mixed
1764,3 Two lines mixed
1778,9 One line blended with above 2% Al

Philippe PAUL - 12 1uin 2003
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S m PESCIENTIFIC TEAM MEETING

/ @ ~ Low
LINEARITY RESIDUALS — Detector O
Fitting g ——————

0.5

0.0

—1.0

-1.5

Channel
|
]
R
IIII|IIIIIIIII||IIIIIIIIIIIII
IIII|IIIIIIIII||III|IIIIIIIII

2.0 . ; ; . I . . . . L . . . . I . . . .
0 S0 1000 1500 2000
Energy (ke¥)

Linearity residuals for the detector 0 (I order polynomial)

Revolution 22.
Philippe PAUL g 12 1uin 2003 CESR




SPISCIENTIFIC TEAM MEETING

LINEARITY RESIDUALS FOR THE DETECTOR 0

L | M L L L ] M L L L
1000 1500 2000
Energy (ke¥)

Linearity residuals for the detector 0 (1 order polynomial). Line dashed: data
from BLC calibration campaign.Continuous line: 20 gamma ray lines used, 4
calibration lines to compute linearity response (198.34 keV, 438.6 keV, 882.35 keV,

1778.9 keV), revolution 22.
Philippe PAUL - 12 1uin 2003

CESR



SCIENTIFIC TEAM MEETING

parts of thiacquisition chain induced its

MEAN LINEARITY RESIDUALS (GROUND ELECTRONICS)

[
c
c
©
£
o

200 400 600 800 1000 1200 1400 1600 1800 2000
Energy (keV)

Camera means linearity residuals for ground electronics
(Banc de Test).

These measurements had been performed during the SPI
camera calibration

N e
1 ol
-

&

l? 5
=
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EAM MEETING

Inversion numerically the fitting function : The inversion
error 1s less than 0.0001 keV.

Philippe PAUL - 12 1uin 2003 = CESR



SPESCIENTIFIC TEAM MEETING

J , .—1 CALIBRATION RESIDUALS FOR ALL LINES - DETECTOR 0
15[ — ————————— 17—

o
in

Channel
[
L |

N ] 2 N N . | M . N N
1000 1500 2000
Energy (ke¥)

Calibration residuals for the detector 0 (37 order polynomial).
Calibration lines: 23,43 keV, 198.34 keV, 438.6 keV, 882.35 keV, 1778.9 keV.

Revolution 22.
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ENERGY
A, Ajz
-495.23071 63274.922
-249.88390 27782.260
-428.46790 53293.707
: -417.54598 50942.319
1.4315543 -241.37004 25575.008
1354298 -427.29725 51991.261
1.6446645 -470.73924 58936.306
1.4635816 -539.14773 69300.732
1.2385193 -425.73204 53775.164
e 1.2595966 -221.96732 22705.352
10 0.13426203 1.5536902 -294.45521 33773.823
11 0.13501858 2.4523628 -349.60258 39990.235
12 0.13531203 1.3453406 -412.49028 50641.204
13 0.13446560 1.2774160 -152.61615 13860.076
14 0.13486408 1.2745028 -372.11223 45596.909
15 0.13470172 1.4552985 -355.34094 42383.997
16 0.13493273 1.0701387 -288.49200 33155.565
17 0.13357310 1.8820558 -273.97205 31331.479
18 0.13488035 1.2443022 -338.93848 41224.183
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SPI Team Meeting June 2003 at CESR

Roland Dieh/

Instrument Calibration and Background Study

<SPIMtg_Apr2003> Roland Diehl



Background Studies

““"Karsten Kretschmer, Diego Rodriguez, Andreas von Kienlin,
Trixi Wunderer, Roland Diehl

#t Study:
% Data
““"GCDE Rev's 46-66
7 Event Histogramming & Energy Calibration

’ Gaussian Fits to Set of Bgd Lines
= Different Time Scales
“"Different Detectors
“"Different Event Types
““"E,I,c -> E, counts/sec, o

’ Investigation of Results
““"Peculiarities as Help for Bgd Indentification
““"Correlations among Line Parameters
““"Detector Resolution versus Energy

<SPIMtg_Apr2003> Roland Diehl



Background & Spectral Response:
E_vol_u‘l'ipn of Line Parameters

" Fitted Line Parameters versus
“"Time

“"Detector
@ ese

#t Lines ] 1=t
= 438 keV TR B
= 511 keV N
“°1107 keV
“"1117 keV
“ 1124 keV
“°1138 keV
1764 keV
=" 1779 keV

/ ¥ ful”"i 'llll””:"“

NG

Tkl |H||m€

SIS
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Energy Calibration Checks
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“ Energy Calibration Appears ~Stable
7’ Processing ~ok, no Glitches & Outliers
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Energy Resolution Checks

* Line Widths for Many Lines...

oty n'a...wnwl:é
“"Detector Degradation |

UL

I "
||'i rgge ‘lll“ll‘w‘“
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Energy Resolution Checks
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“% Trend from Detector Degradation ~0.216 keV/100d
* Other Effects Superimposed
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Energy Resolution Checks...

1778 KeV line Width/0 det

X |ukm:hl ﬁﬂﬂ,ﬂﬁm#

1778 KeV line Width/18 det

7 Det O Det 18

<SPIMtg_Apr2003>



Energy Resolution: Degradation

Trends: ~ 015 keV / 100 days @ 1 MeV

511 keV

- 1764 keV (205Bi) |

—_
o
I

sigma [keV]

- 1107 keV (69Ge)

| 1124 keV (652Zn)

1160 1180
days after 2000-01-01
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Detector Characteristics: Resolution

“* GCDE I_=i1'_'ring of Many Bgd Lines

3
=,
=
I
&

1000 1500 2000 2500
energy [keV]

% “Intrinsic” Resolution = Lower Limit

«SPIMtq Apr2003> LiNne Blends Tend to Deteriorate Line Widths



Bgd Line Study: more...

“"See presentation by Karsten Kretschmer

<SPIMtg_Apr2003> Roland Diehl



SPI line background

Karsten Kretschmer, MPE Garching

Approach:
0 take data from GCDE
a group it into intervals with 24hr exposure

0 fit selected regions with 2"? order continuum
+ gaussian lines




Sample Spectrum and Fit

100




Line Width Evolution

1.6

= | _ + —— |
i 1764 keV (205Bi) | S e
g 1.2 — 1
E |
e B I | [ 1 1
N | | I . 417
- 1107 keV (69Ge) | | — T T
10l 1124 keV (652n)
0.8 | . . . | . . . | . . ! | .
1140 1160 1180 1200
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Line Intensity Correlations — Whole Set




iIne intensity correlations — overview
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Line correlations 1
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Line correlations 2
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Line correlations 3
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Line correlations 4
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Detector position dependence

a Determine BG line count

rates per detector Z (sun)
2 Distinguish detector I
types: o

central (0)

O
inner ring (1-6) °¢°
« edges (7,9,11,13,15,17) e
= corners (8,10,12,14,16,18) e
0 Count rates depend on
solid angle to (unknown)
Bgd source

v
Location of hole towards cryocooler



Count rates(line, detector)
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Count rates(line, detector)
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The distribution of SPI background
events 1n lines and continuum for the
singles and the multiples
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Objective

. Our aim 1s to understand the systematics of the
distribution of the multiple events (ME) which 1s
crucial for polarization studies.

. It 1s important to understand the distribution of
single (SE+PE) events to be able to interpret the
distribution of ME events.

. We realized that the lines and the continuum
behave differently, therefore we characterized
them 1n separate sections. This work may also
have importance on understanding SPI
background.



Analysis methods

. We analyzed the consolidated data of revolutions 24 and 25
staring observations.

. IDAS was used to obtain livetimes. The channel spectrum was
obtained by an IDL program from the raw data. The total good
time 1s ~183 ks.

. Pseudo detectors (PD) 0-18 and 19-60 (SE+PE, and ME) are used.

. For SE+PE, these lines are used: 139.6, 198.4, 309.9, 403.0, 438.6,
511.,584.6,872.1, 882.5,911.2, 1021, 1107.4,1117.4, 1368.7,
1779.0 keV.

. For ME, 139.6, 198.4, 309.9 keV lines are excluded.

. The nuclear lines are fit with a Gaussian plus a line to fit the
background.

. All the counts 1n between visible lines are considered as
continuum.



Distribution of ME,

. PDs 51,52, 53 and
56 have 4-8 %
higher count rates
than the remaining
detectors. These
PDs correspond to
actual pairs of 8-9,

9-10, 10-11, 13-14.

. Is this excess
caused by lines or
the continuum?

Relative counts/s/det
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[Lines in ME

. Some of the lines

(139.6, 438.6,
872.1,1107.4 keV)
in ME have smaller
count rates for
PDs>49 which
correspond outer
detector pairs.

. 911.2 keV show an

increase for PDs>49

. Remaining lines

seem homogeneous.
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[Lines in SE+PE

Need to understand the distribution in SE+PE to interpret distribution in ME

For 438.6, 584.6, 872.1, 882,1, 1107.4, 1117.4, and 1779 keV the inner detectors have higher count
rates. Among those, for 438.6, 872.1 and 1107.4 keV, not only the difference between inner and

outer detectors are substantially high, the outer detector count rates show an alternating behaviour
as shown here.

These lines are originated in the detectors. The photons from these lines have a fair chance of

leaving the detector of origin and being captured by a neighbour detector. Therefore the number of
counts will increase with increasing number of neighbours.
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The K photon

. Although for 882.1 keV and 1117.4 keV, the inner detectors
have more counts than the outer detectors, the difference 1s
not prominent, and the alternating behaviour at the outer
detectors 1s gone. Yet, the only difference between these lines

are the ~10 keV K photon.

1116.85

Q.aC T T T T T T T

1107.4 keV: ¥Ge(EC)*Ga

02F

1117.4 keV: ¥Ge(EC)*Ga+K

0.l1F

K photon unlikely escapes, so P’ b . -
most of the photons from this f - e, N
reaction 1s captured in the £ F o

same detector that it

originated! 0




The 911.2 keV line, an outsider?

911.2 keV : *2%Ac (B-) ***Th

. Shows opposite behaviour of the previous case, outer
detectors have higher count rates, and generally detectors
having larger solid angles to the shield have higher count
rates: possible origin in the shield or the cryostat?

s o o eltoss o
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Relative ©
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Continuum of SE+PE

. The continuum 1n SE+PE is energy dependent.

. For the lower energies, it 1s pretty homogeneous (within 2%
except somewhat larger deviations in detectors 14 and 15.)

Con

For higher energies, there 1s clear deviation between the inner
detectors and outer detectors such that the outer detectors have
higher count rates. Det. 14 again seems low. There 1s also some

excess towards IBIS (dets. 8,9, 10, 11, 12)

tinuum 1n 20 - 800 keV band
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Back to ME continuum

The distribution of counts in ME lines can be understood by the
distribution of counts in SE+PE lines. What about the continuum?

. As in SE+PE continuum, ME continuum 1s extremely energy
dependent. In 20-160 keV, pairs facing IBIS and JEM X has 25%!

more counts than the inner pairs. In general, outer pairs have
higher counts

Continuum in ME 1n 20-160 keV.
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ME Continuum 2

As energy increases, the difference between inner

DETX (rathode)

Calibration &ources

DETY (backplane)

detector pairs and detectors facing

IS decreases. For a

higher band, the distribution takes the form in the figures
below. This distribution is similar to the overall

distribution in ME.
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Conclusions, lines

. The distribution of background events in ME has different
characteristics for the continuum and the lines, and overall,
dominated by the continuum.

. For the distribution of background events 1n the lines 1n
SE+PE:

— If the origin is the detectors, and there is fair probability that the
photon escaped the detector of origin, than the the number of counts
in a detector increases with the number of neighbours (872.1 keV,

1107.4 keV).

— If there is good probability that the line is captured in the same
detector that it originated, then the inner detectors have slightly
higher count rates than the outer detectors, and the behaviour of
alternating count rates for the outer detectors disappears (882.1 kev,

1117.4 keV).
— If the origin is outside, the opposite 1s observed (like 911.2 keV line)

. In general, the distribution of the background counts in the
ME lines reflects the distribution in SE+PE lines.



Conclusions, continuum

The distribution of the continuum events are energy dependent both in
SE+PE and ME.

For SE+PE, the distribution is more homogeneous in the lower energies
than that of the higher energies. At higher energies, the inner detectors
have lower count rates, and the count rate is slightly higher for detectors
8,9,10, 11, 12 facing IBIS and JEM-X detectors. Possible reasons:

— Increasing contribution of the shield leak photons to the overall background
at energies higher than 1 MeV?

For ME, between 20-160 keV, the count rate 1s 25% higher for pairs
facing the IBIS than the inner pairs! In general outer pairs have higher
count rates than the inner pairs. For the 1.4 MeV — 2 MeV band, the
distribution becomes homogeneous except PDs 51, 52, 53, 56. Possible
reasons:

— Increased background due to higher number of secondaries coming from the
IBIS and JEM X?

— Weaker shielding facing IBIS? Those two can also explain the distribution of
SE+PE continuum.



Distribution of events 1n several lines |

Relative Counts/s/det

ve Counrs/s/der

Relari

403.0 keV: 67Ga(EC)67Zn+K

ve Counts/s/det

Relati

Relative Counts/s/det

438.6 keV: 67Zn(IT)677Zn

seude det. natm.

0.15 5846 keV 69Ge(EC)69Ga+K .

w1




Distribution of events 1n several lines 11

_ 872.1keV: 69Ge(EC)69Ga _
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GCDE 2%°Al: ON/OFF Spectral Analysis

Summary:

Lt
“* Use Crab Obs as OFF
* Adjust Resolution Difference

“ Residual Gain Variations, but Small Compared to Cygnus/PV

7 Clear Residual %Al Line, at ~1809.5 keV,
predominantly from 4™ Quadrant Data

“* Width ~ Instrumental, < GRIS' Value
7« Multiple-Event Results Unclear

<SPIMtg_Apr2003> Roland Diehl



Crab (6CDE) Data Time Dependencies

GCDE: First Half minus Second Half

det=0,18
on =(325.0,-2.1)
off=(12.2,9.6)

det=0,18
on =(194.6,-3.0)

off=(189.6,-5.3)

Residual Counts
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ISEERES F"Some" Evolution of
Gains and / or Resolutions
- Crab Data: Residuals Very
Asymmetric (line shifts)

- GCDE Data: Residuals More
Symmetric, but Clear Resolution
Degradation (long time interval)
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Fitting Crab and GCDE Spectra

100+ de@-- det=1‘:',1? b
! on=(194.6,30) 1 on=(325.0,2.1) |
o sollll ll | off=(188.5,710) | & off=(12.29.6) | 1
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o 6000 I l 1
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o 1000F, oft=(188.5,7.0) J 2 2000% 2280
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& soofl { i ; & (T Crab det0 1.1
ok g 3 E 3 Crab 0-18 9.5

: ] : : GCDE det @ 1.5

-1500 & 2 -3000& E

GCDE 0-18 234

1760 1770 1780 1790 1800 1810 1820 1760 1780 1800 1820
Energy (keV)

Energy (keV)

centroid  +/- amplitude +/- sigma +/- counts +/-
‘ ) ) B Crab 1764.345  0.031 1403.644 355064  1.2608  0.0317 4435.852 158.2038
Adequate Fits for Single Det's & 1776.908  0.3664 397.5823 128.462 13 0 1295.568 418.6085
. . Crab 1779.124 00550 3238472 87.5673  1.199  0.0334 9732.896 377.7459
Resolution Ratio 1.04..1.07 Crab 1809.395  0.1693 223.3524 19.4385 1.7887  0.173 1001.442 130.2851
GCDE  1764.361  0.0196 3768.682 55.8745  1.353 0.02 12781.78 267.9284
GCDE 1776227  0.1494 924.4962 87.5755 13 0 3012.579 285.3751
GCDE 1779135  0.0198 8537.152 79.9648  1.2478  0.0159 26701.9 421.4917
1809.48  0.1017 620.4683 26.6233 1.9 0 2997.902 126.7959
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GCDE Data, Crab Data Subtracted
(ON/_O_FF)

det=0,18
on =(325.0,-2.1)

off=(325.0f

det=0,18
on =(325.0,-2.1)

off=(325.0,-2.1)

Residual Counts
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“ Residual Signal Remains
#"~2000 SE Counts
“*"Narrow?
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GCDE, Resolution-Adjusted OFF

det=0,18 D
on |-[(325-0‘-2-1 ) on =(325,o,-2,1}

A

Residual Counts
Residual Counts

-500

1780 1800 1820 1800 1805 1810 1815 1820
Energy (keV) Energy (keV)

* Fitting a Resolution-Adjusted OFF Template as Bgd:

" Single events only

% Celestial Residual Remains:
““"Line Centroid 1809.46 keV
¥°3912 cnts
“"FWHM 2.37 keV

<SPIMtg_Apr2003> Roland Diehl



GCDE, Different Parts

det=0,18
pnt=(325.0,-2.1)

Counts
Residual Counts
Residual Counts

1780 .1800 1780 1810 1815
Energy (keV) Energy (keV) Energy (keV)

GCDE: 4th and 1st Quadrant: Fitting Residuals from Crab’s Resolution-Adjusted Template:

E error I error sigma error cnts error
1st quadrant 1809.4974 0.4081 442.5027 87.7367 1.9046 0.4055 2112.537 614.6394

4th quadrant 1809.5226 0.1753 969.1818 151.7788 0.9901 0.1732 2405.307 564.7507

<SPIMtg_Apr2003> Roland Diehl



GCDE, %°Al Line Width Illustrations

Fit Constrained to GRIS Width

det=0,18 det=0,18
on =(325.0,-2.1) on =(325.0,-2.1)

Residual Counts
Residual Counts

1800 1805 1810 1815 1820 1810 1815 1820
Energy (keV) Energy (keV)

det=0,18
on =(325.0,-2.1)

““"“Narrow” Line More Plausible
from SE Analysis

Residual Counts

1800 1805 1810 1815 1820
Energy (keV)
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Residual Counts

Residual Counts

<SPIMtg_Apr2003>

Compar‘isons: SE ONd ME counts SI:::>913 IV|5921

h

1780 1790 1800 1810 1820

Energy (keV)

T s ]

on=(329.7,-8.4) |
off=(329.7,-8.4)

1805 1810 1815 1820
Energy (keV)

Residual Counts

Residual Counts

width 1.01 2.36
centroid 1809.5 1808.15
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“ SE/ME Analysis ~Feasible; ME: Bgd Leakage?

% Line Width Not Well-Constrained




GCDE, Resolution-Adjusted OFF

Residual Counts
Residual Counts

-500

1800 1805 1810 1815 1820
Energy (keV)

1800 1805 1810 1815 1820
Energy (keV)

% Multiple Events:
* Fitting a Resolution-Adjusted OFF Template as Bgd:

* Celestial Residual: = SE:

““"Line Centroid 1808.7 keV % Line Centroid 1809.46 keV
‘"2763 cnts 3912 cnts

<5PIMfg_Aprzoosf§:FWHM 2.63 keV “"FWHM 2.37 keV  roland Diehl



26A|l Imaging Spectroscopy: SPIDIFFIT

““"Compare also C. Wunderer's Presentation (SE), and J. Knddiseder
* Fitting of

“" Amplitude of Emission Skymap

““"Background Template Normalization per Pointing

“* GCDE (SE+ME Data):

=" Statistics Sufficient to Make Smoothings Uncritical/Unnecessary
*"S/B Discrimination Incomplete -> Positive Amplitudes Throughout

Centroid 1809.615 keV
Width  1.8045 keV
Intensity 3.1 104 ph cm2 s!

“"Clear Detection, Line Width ~Instrumental

<SPIMtg_Apr2003> Roland Diehl



511 keV Imaging Spectroscopy: SPIDIFFIT

“"See also CESR Presentations

% GCDE, SE+ME Analysis, COBE Sky Intensity Model

Centroid 513.75 keV
Width 4 .80 keV
Intensity 1.27 103 ph cm2? 57!

Fitting Results

[elo vy by

<SPIMtg_Apr2003>



Search for ®°Fe with Imaging
-> Presentation Lichti

% Test COBE Dust Emission Spatial Emission Model
% GCDE Data and Analysis as for 26Al ON/OFF

* SE+ME

* 60Fe->60Co Lines: 1173.237 and 1332.501 keV

<SPIMtg_Apr2003>



