SPI data analysis
Outlines:

* The SPI instrument — event data

* Analysis steps (SPIROS)

* Scientific validation

* GRB and phase resolved analyses

* Analysis philosophy — building the minimum sky model

* Tutorial introduction — sp1_science analysis
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0-18 : real detectors
Z 19-60 : pseudo-detectors
for double events
61-84 : pseudo-detectors
for triple events




—|fv: Binary Table of spi_oper.fits.gz[1] in fisdc_arc/rev_2/scw /0102 /0102001900

File Edit Tools Help
| TIME_TAG | DETE _| PHA _| OB_TIME _| EHERGY _| TIME

Select 11 Al 1E 1D
_| Al keV d
Invert | Expani |
1212014 1012 13 17094 Plat 0. 658691E+01 | 1.322636492801E+03 | —
1212015 1016 7 20351 Plot 5.383BE3E+02 | 1. 32263R40Z2806E+03
1212016 1070 7 17415 Flot 1. 4067E1E+02 | 1. 32E636492060E+03
1212017 1078 = 26654 Flot 1. 381794E+03 | 1. 3226364920609E+03
1212018 1133 4 16764 Plot 5 238895E+01 | 1. 322636493034E+03
1212019 1134 2 EEE03 Plat 4 195333E+03 | 1. 322636493035E+03
1212020 1139 16 17366 Plot 1.334001E+02 | 1. 3226364093041E+03
1212021 1205 = 16564 Plot 2 BETO10EE+01 | 1. 322636403120E+03

] || /
Go to: || Edit cell:




Analysis Steps

Pointing list ——— Observation Group

v

spi_science analysis (ROOT)

cat_extract

spi_obs_point
E Bins % spibounds

spi_obs_hist

spi_obs back

spiros
(imaging, spectra, timing)

spirmf

L

L

Images Sp + RMF

XSPEC
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Analysis Steps

Pointing list ——— Observation Group

v

spi_science analysis (ROOT)

cat_extract

spi_obs_point
E Bins % spibounds

spi_obs_hist

spi_obs back

spiros
(imaging, spectra, timing)

spirmf

L

L

Images Sp + RMF

XSPEC
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For one energy bin:

Sky model: source positions and fluxes
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Scientific Validation

* Cut the Crab data set 1n independent pieces (e.g. 26
independent groups of 10 pts).

* Look at the distributions of the results (source
positions and fluxes) and compare them with the
errors provided by spiros
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Spectral Fitting Validation

* Extensive BLC ground calibrations
* Response derived through GEANT simulations (GSFC)

* The Crab spectrum 1s well fitted by a single power law,
for different datasets, detector lists, background
models, statistic, E range (> 40 keV)




data and folded model

* Photon index = 2.14-2.15
* F (50-100 keV) =7.85 10-9 erg/cm2/sec
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GRB: SPI analysis

* spi_grb analysis <grb start> <grb stop> UTC/IID
<sec to avoid before grb>

<sec to avoid after grb>

10000

5000

B GRE_START
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GRB analyses

* Follow the tutorial “GRB 1mage analysis” and “GRB
spectral analysis” from the WWW SPI pages.

1) Set up the environement
2) Create an OG with the (single) ScW

3) Run sp1_science analysis to enter the analysis parameters

4) Run sp1_grb analysis




GRB analyses

* spi grb analysis <grb start> <grb stop> UTC/1JID
<sec to avoid before grb>
<sec to avoid after grb> (shell script calling spi_science analysis,
sp1_obs_gt1, sp1_dsp2back)

1) Derive background before the burst
2) Derive background after the burst

3) Sum, rescale, and subtract background

4) Run sp1_science analysis on the burst time interval




Phase resolved analysis

Pointing list ——— Observation Group

v

spi_science analysis (ROOT)

spi_obs_point
E Bins —# spibounds
spi_obs_hist

Phase parameters

Ephemeris spi_phase hist —|— — — » evts det spec_phase i.fits
Phase Bins — — »
Orbit

spi_obs back

spiros

Bspiros — — — 1 — — » phase i spectrum_Crab.fits
~
= . .
/ i ~a  spi_pulse pick
Images Sp + RMF ( )

XSPEC




Phase resolved analysis: Crab pulse
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SPI complex analysis principle

Derive a model (sources + background) which fit the count data
within the statistical uncertainties, 1.e., with analysis residuals
consistent with DOF.

Start with the simplest model and add complications only if the
residuals can be significantly reduced

*+ Build the minimum set of significant (constant) sources
+ Test different background models/approaches

+ Using prior information allows for one source (at a time) to vary
with a given time scale (with spiros in timing mode)

+ Extract spectra using catalogue positions and timing information




SPI data analysis tutorial

Following the “Cookbook” and using additional data from rev 170

* Copy revl70 data.tar into your SREP BASE PROD and untar it
(contain 10 pointings of Crab observation)

+ Make sure your environment is OK (see Cookbook if necessary)

+ Use og create to build an OG from the list of DOLs

* Move into the obs/”obs_id” directory and type sp1_science analysis
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P After the cookbook example, browse the Tips and Tricks, and start your own analysis. Come back to the "Cookbook” and the "Tips and
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SPI data analysis tutorial

Following the “Cookbook” and using additional data from rev 170

* Copy revl70 data.tar into your SREP BASE PROD and untar it
(contain 10 pointings of Crab observation)

+ Make sure your environment is OK (see Cookbook if necessary)

+ Use og create to build an OG from the list of DOLs

* Move into the obs/”obs_id” directory and type sp1_science analysis




spi science analysis

) %| spi_science_analysis

— 5P Scientific .-‘-‘malys’is - General Parameters and Cptions Save

Save As

H

Filename aof input OG: |ug_spi.ﬂts
Bun

List of (pseudo) detectors: |EI—1 ] St

Coordinate Systen: IF{PxDEC v|

Help

i

hidder

—OPTIOMAL first task (check output befare proceeding with further tasks)

CAT_I: catalogue extraction: catalog I

SPIROS Input Catalog: |source_catfits

—Selact Tasks ta rin

FOIM pointing definition: v painting |
Bir_|: eyent hinking: Vv energy_definition |
histogram |

add simulated source (OPTIOMALY: T add_simulation I
BKG_|: background modeling: hackground |
|

I8 image analysis: v spirog




spi science analysis

%| spi_science_analysis

— 5P| Scientific Analysis - General Parameters and Options

Filename of input OG: |og_spifits

List of (pseudo) detectors:; |EI—1 g

Coordinate System: |H.-‘-‘~DEC vI

CaT_|: catalogue extraction:

Save

H

Save A5
Bun
Gt
Help

hidden

Hid

—CPTIORAL first task {check output hefore proceeding with further tasks)

SPIROS Input Catalog: |source_catfis

— Parameters for task spibounds

_‘_\_ _Ene:rg_ﬁ_,f:deﬁnitmn

Fumber of energy ragions: | 1 i!

Regions energy houndarias: |2IZI,12III

Mumbers of bins in each region: I1|

— Select Tasks to run

%]

POIM pointing definition:

add simulated source (OPTIONALY: add_simulatiot

BKG_| : background modeling: ™

1A image analysis: ¥

/
BIN_| - event hinning: enetgy_definition %]/

|

|

|

|

_*_\_ _Ene:rg_ﬁ_,r:deﬁnitmn

— Parameters for task spibounds

Mumbert of ehergy regiohs: | 1 ﬁ

Regions energy boundaries: |2EI,1IZIIZIIZI

Mumbers of hins it each redgion: |—1IIIIII|

—Parameters for task spihounds

_“_\_ _Er‘rE:'t__g_}f:dEﬁﬂitan

Mutmbet of energy regions: | 2 ﬁ

Regions energy boundaries: |2EI,12III,1EIEIIII

Mumbers of hins it each region: |1III,—1III|

P




spi science analysis

) x| spi_science_analysis

— 5P Scientific Analysis - General Parameters and Options

Save |
Save Asl
Filenarme af input OG: |Ug_spi.ﬂts

Bun |
List of (paeudo) detectors: |E|—18 2wit | GIETs) /| background R
Help ¢
Coordinate System: IF{ADEC v! _J General Farameter =

hidden | Mumber of Models to use: |_1ﬁ =
~ OPTIOMAL first task (check output hefore proceeding with furthertasks) i s bl et et
modelnl:; IGEDS.’-‘-.T v[ model0z; IP.DJP.CENT vI
CAT |: catalogue extraction: T catalog | mpard: | mpare: |
normdl: | MO - normde: IOFFLINE vI
SPIROS Input Catalog: [source_catfits nparit: | npardz: |1786-1502,1515-1825 ke
scalell: | 1 ﬂ scalelz: | 1 ﬂ
: —Parameters Model #3 —Parameters Model #4
—aelect Tasks o run
modella; IVETOSAT v[ rodel0d; IGEDSAT vI
POIM : pointing definition: pointing | mpat03; | mpar0é; |
notmoa: [MNO > normid: [MNO x
BIN_I; evert hinnirig: energy_definition | npard3: | npardd: |
scaled: | 1 ﬂ scaledd: | 1 ﬂ
histograr |
—Parameters hModel #5
add simulated source (OPTIONAL): add_simulation | madeins: [GEDzAT =
: mpars: |
BRG_| : background modeling: W hackground |
' normas; (Mo i
IMA image analysis: I Spiros | fiparto: |

scaleds: |_1ﬂ

A




spi science analysis

%| spi_science_analysis

— 5Pl Scientific Analysis - General Parameters and Options Save

Hd

Dave A3

Filename af input OG: |Dg_spi.ﬂts

Bun
List of (pseudo) detectors: |D—1E Gyt |
o Help |
Coordinate System: IH.-'-HDEC v| mn_l r___:__ .\_l_ﬂaims -
~ SPIROS General Setup Ok
—OPTIONAL first task (check output before proceeding with further tasks) ———— Run SPIROS i Mode: Im Help |

CAT_L: catalogue extraction: catalog | —Further Qptions for ...

imaging | timing |

SPIRDE Input Satalog: |source_catfits

— Selection Parameters

energy-subset: I

—Select Tasks ta run

pointing-subset: |

FPoIr pointing definition: W pointing I
: detector-subzet: I
BIr_|: event hinning: energy_definition I
histogram |
| —Other Parameters
add simulated source (OPTIONAL: T add_simulation
Background method: IZ vI
BKG_|: background modeling: W hackground | Optimization stafistic: ICH|2 "!
, /( Image solution constraint: INONE "I
Lo LR ikl Bins for src location: IFIF-!ST
.




spi science analysis

\_Eg_i_science_ana!ysis B

— 5P Scientific Analysis - General Parameters and Options Save

Save As
Filename af input OG: |og_spi.ﬂts
Bun
List of (pseudo) detectors: IU—18 : 5
_r | X| spiros
Coordinate System: IR.&.DEC | = :
M~ SPIROS General Setup Ok
Run SPIRCS in Mode: ISF’ECTH."—". vl Help |
—OPTIOMNAL first task (check output befare proceeding with further tasks) — e & ]

x| imaging

—Further Options for ... Sty
CAT_|: catalogue extraction: [ catalog

imaging \|\ titirig | —General imaging options ok |
SPIROS Input Catalog: [source_catfits
Mo, of sources: | g ii Help |

— Selection Parameters Sigma threshold: |_4f|
energy-subset. |

— Select Tasks to run

-~
PO pointing definition: pointing
_ pointing-subset: I —|mage Options
BIM_| event hinning: enetgy_definition
: detector-subset: | Projection: IC'&'H j'
histogram

FOV: [POINTING+ZCFOY x|
add simulated source (OPTIONAL): T add_simulation arient: [STANDARD
S rient: >
BEG_| : hackground modeling: hackground — Other Parameters Pole Inngitude- I—Dﬂ
s Inaos naigi R cliie Background method: [2 -] Pole latitude: | 30 2
Optimization statistic: ICHIZ vl
Image solution constraint: INONE vl

Bins for src location: [FIRST

<

—Other options

[teration output: INO TI
& Lacation fmax errar; | 0.1 il




SPI data analysis tutorial

Following the “Cookbook™ and using additional data from rev 170,
try:

* Build an OG with data from the 10 science windows. Make an
image 1n a wide energy bin without put catalog from the 10
scw data and check that the Crab 1s found at the right position.

+ Extract a Crab spectrum with 100 log bin from 20 to 1000 kev
and fit it with a single power law model in Xspec.

+ Compared Crab spectra derived with different statistics (Chi2 or
likelihood) and different background method (2 or 5).

For the more adventurous, try

* Analyze 10 scw from revolution 175, with and without an input
- catalog




I spi_science_analysis

— 5Pl scientific Ahalysis - General Parameters abd Options

Save

i |

Save As

Filetiame of input DG |ng_spi.ﬂts
Bun

List of (pseudo) detectors: |EI—1 i St

Help
Coordinate Systam: |HP-.DEC vl

hidden

i

—OPTIOMNAL first task (check output before proceeding with further tasks)

CAaT_|: catalogue extraction: catalog |

SPIROE Input Catalog: isuurce_cat.ﬂtsﬂ]

_—————————————————————————————————————————————————————— ———_.

—aelect Tasks &nalysis
—Phase related parameters Ok
PO painting definition: pointing _ Help
dame of the ephemeris file: ICrab_ephemeris.ﬂts browese | _I
BIM_I event binning: [V energy_definition —
Humberof phase hins: | 20 Ei
histogram : : :
Equal hin width? {if no provide boundsi: ¥ phaze bounds |
add simulated source (OPTIOMNALY: ™ add_simulation
Subtract an off (backgroundy phase hin?: [ off-bin number |
BrG_|: hackground modeling: M backgroumd
Orhital motion correction?: [ orhit |
(R image analysis: ¥ spiros

—OFTIONAL phase resolved analysis

phase resolved analysis:




Further Developments




Analysis Steps

1) ( Energy Correction ) 8) Background modeling
2) Catalogue extraction 9) Imaging (SPIROS)

3) Pointing Definition 10) Spectrum extraction
4) GTI 11) XSPEC
5) Dead Time

6) Energy Bin Definition

7) Event binning




The Crab spectrum with spirmf

e 138 pointings from rev 43 and 44, fit in the 35 to 100 KeV range

Index = 2.17 Index = 2.15 (86) 2.20
F(50-100) = 7.9 10-9 erg/cm2/sec F(50-100) = 7.9 10-9 erg/cm2/sec
Reduced Chi2 = 1.45 Reduced Chi2 = 1.27
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Conclusions

* SPIROS 1maging and spectral extraction are reliable
* OK for sources with separation > ~2 degrees

* Well validated response - spectral continuum fitting
accurate to a few %.

* Lightcurve extraction on pointing timescale possible

* Tools available for GRB and phase resolved analysis

* Further improvements planned for OSA6.0




