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Data Sequence log

SEQ ID Target INSTRUMENTS ON | POINTING

SXS, SXI, HXI1, ON-AXIS
100050010 | G21.5-0.9 HXI2

SXS, SXI, HXI1, ON-AXIS
100050020 | G21.5-0.9 HXI2

SXS, SXI, HXI1, ON-AXIS
100050030 | G21.5-0.9 HXI2

SXS, SXI, HXI1, ON-AXIS
100050040 | G21.5-0.9 HXI2

SXS, SXI, HXI1, ON-AXIS
100050050 | G21.5-0.9 HXI2, SGD1




Software and CALDB Files

File Description
alias_config.fits CALDB supporting file
caldb.config CALDB supporting file
caldb data all.tar.gz CALDB data files
Hitomi V003-src.tgz Hitomi software release
Software

Hitomi_V003 — directions for building and installing the HITOMI package as a standalone.

a) untar in a directory mydir

cd /full-path/mydir
tar -zxf Hitomi V003-src.tgz

b) build/install

Starting in /full-path/mydir/Hitomi_V003/BUILD_DIR, to build and install the code use the instructions
you find under step3 accordingly to the operating system in the following page:
https://heasarc.gsfc.nasa.gov/docs/software/lheasoft/download.html

¢) Set up environment

setenv HEADAS /full-path/mydir/Hitomi V003/operating-system
source S$HEADAS/headas-init.csh

CALDB

Directions for installing the latest HITOMI CALDB as a standalone.

Untar in a directory “/full-path/caldbdir” and copy the caldb.config and alias _caldb.fits
files into there.

cd full-path/caldbdir

tar -xzvf /path/to/training/files/caldb_data all.tar.gz
cp /path/to/training/files/caldb.config ./

cp /path/to/training/files/alias_caldb.fits ./

setenv CALDB /full-path/caldbdir/caldb
setenv CALDBCONFIG /full-path/caldbdir/caldb/caldb.config
setenv CALDBALIAS /full-path/caldbdir/caldb/alias_caldb.fits




G21.5-0.9

Data description

Table 3a 100050010 100050020

GEN-HK ah100050010gen a0.hkl.gz ah100050020gen a0.hkl.gz
TIM ah100050010.tim.gz ah100050020.tim.gz
ATTITUDE ah100050010.att.gz ah100050020.att.gz
ORBIT ah100050010.0rb.gz ah100050020.0rb.gz
OBSGTI ah100050010 gen.gti.gz ah100050020 gen.gti.gz
MKF ah100050010.mkf.gz ah100050020.mkf.gz

EHK ah100050010.ehk.gz ah100050020.ehk.gz
EHK?2 ah100050010.ehk2.gz ah100050020.ehk2.gz

HXI1 HK ah100050010hx1 a0.hk.gz ah100050020hxil a0.hk.gz
HXI2 HK ah100050010hx2 a0.hk.gz ah100050020hxi2 a0.hk.gz

HXI DELTA-ATT

ah100050010hx1.att.gz

ah100050020hx1.att.gz

HXI DELTA-ATT

ah100050010hx2.att.gz

ah100050020hx2.att.gz

HXI1 CAMS ah100050010hx1 cms.fits.gz ah100050020hx1 cms.fits.gz

HXI2 CAMS ah100050010hx2 cms.fits.gz ah100050020hx2 cms.fits.gz

HXI1 SFFa ah100050010hx1 pOcamrec ufa.evt.gz ah100050020hx1 pOcamrec ufa.evt.gz
HXI2 SFFa ah100050010hx2 pOcamrec ufa.evt.gz ah100050020hx2 pOcamrec ufa.evt.gz
HXI TEL ah100050010hxi_tel.gti.gz ah100050020hxi_tel.gti.gz

HXI1 PSEUDO

ah100050010hx1_pOcamrecpse cl.evt.gz

ah100050020hx1_pOcamrecpse cl.evt.gz

HXI2 PSEUDO

ah100050010hx2 pOcamrecpse cl.evt.gz

ah100050020hx2 pOcamrecpse cl.evt.gz

HXI1 EVT CL ah100050010hx1 pOcamrec cl.evt.gz ah100050020hx1 pOcamrec cl.evt.gz
HXI2 EVT CL ah100050010hx2 pOcamrec_cl.evt.gz ah100050020hx2 pOcamrec_cl.evt.gz
SXI HK ah100050010sxi_a0.hk.gz ah100050020sxi_a0.hk.gz

SXIEVT UF ah100050010sxi_p0100004b0_uf.evt.gz ah100050020sxi_p0100004b0_uf.evt.gz
SXIMZDYE EVT UF | ah100050010sxi_p0100004b1 uf.evt.gz ah100050020sxi_p0100004b1 uf.evt.gz
SXI HOTPIX ah100050010sxi_a0100004b0.hpix.gz ah100050020sxi_a0100004b0.hpix.gz

SXIMZDYE HOTPIX

ah100050010sxi_a0100004b1.hpix.gz

ah100050020sxi_a0100004b1.hpix.gz

SXI FLICKPIX

ah100050010sxi_a0100000b0.fpix.gz

ah100050020sxi_a0100000b0.fpix.gz

SXIMZDYE
FLICKPIX

ah100050010sxi_a0100000b1.fpix.gz

ah100050020sxi_a0100000b1.fpix.gz

SXI BAD PIXEL IMG

ah100050010sxi_p0100000b0.bimg.gz

ah100050020sxi_p0100000b0.bimg.gz

SXIMZDYE BAD

ah100050010sxi_p0100000b1.bimg.gz

ah100050020sxi_p0100000b1.bimg.gz

PIXEL IMG
SXI TEL ah100050010sxi_tel.gti.gz ah100050020sxi_tel.gti.gz
SXIEVT CL ah100050010sxi_p0100004b0_cl.evt.gz ah100050020sxi_p0100004b0_cl.evt.gz

SXIMZDYE EVT CL

ah100050010sxi_p0100004b1 cl.evt.gz

ah100050020sxi_p0100004b1 cl.evt.gz

SXS AC

ah100050010sxs_a0ac_uf.evt.gz

ah100050020sxs_a0ac_uf.evt.gz

SXS PIX12 GAIN

ah100050010sxs_a0px12000.ghf.ghz

ah100050020sxs_a0px12000.ghf.ghz

SXS EL GTI ah100050010sxs _el.gti.gz ah100050020sxs_el.gti.gz

SXS TEL ah100050010sxs_tel.gti.gz ah100050020sxs tel.gti.gz

SXS PIX GTI ah100050010sxs pOpx1010 exp.gti.gz ah100050020sxs pOpx1010 exp.gti.gz
SXS PIX CL ah100050010sxs pOpx1010 cl.evt.gz ah100050020sxs pOpx1010 cl.evt.gz
Table 3b 100050030 100050040

GEN-HK ah100050030gen_a0.hk1.gz ah100050040gen_a0.hk1.gz

TIM ah100050030.tim.gz ah100050040.tim.gz

ATTITUDE ah100050030.att.gz ah100050040.att.gz

ORBIT ah100050030.orb.gz ah100050040.orb.gz

OBSGTI ah100050030 gen.gti.gz ah100050040 gen.gti.gz

MKF ah100050030.mkf.gz ah100050040.mkf.gz

EHK ah100050030.ehk.gz ah100050040.ehk.gz

EHK?2 ah100050030.ehk2.gz ah100050040.ehk2.gz

HXI1 HK ah100050030hx1 a0.hk.gz ah100050040hxil a0.hk.gz

HXI2 HK ah100050030hx2 a0.hk.gz ah100050040hxi2 a0.hk.gz

HXI DELTA-ATT ah100050030hx2.att.gz ah100050040hx2.att.gz

HXI1 CAMS ah100050030hx1 cms.fits.gz ah100050040hx1 cms.fits.gz

HXI2 CAMS ah100050030hx2_cms.fits.gz ah100050040hx2 cms.fits.gz

HXI1 SFFa ah100050030hx1 pOcamrec ufa.evt.gz ah100050040hx1 pOcamrec ufa.evt.gz




HXI2 SFFa

ah100050030hx2 pOcamrec ufa.evt.gz

ah100050040hx2 pOcamrec ufa.evt.gz

HXI TEL

ah100050030hxi_tel.gti.gz

ah100050040hxi_tel.gti.gz

HXI1 PSEUDO

ah100050030hx1 pOcamrecpse cl.evt.gz

ah100050040hx1 pOcamrecpse cl.evt.gz

HXI2 PSEUDO

ah100050030hx2_pOcamrecpse cl.evt.gz

ah100050040hx2 pOcamrecpse cl.evt.gz

HXI1 EVT CL ah100050030hx1 pOcamrec cl.evt.gz ah100050040hx1 pOcamrec cl.evt.gz
HXI2 EVT CL ah100050030hx2 pOcamrec cl.evt.gz ah100050040hx2 pOcamrec cl.evt.gz
SXI HK ah100050030sxi_a0.hk.gz ah100050040sxi_a0.hk.gz

SXIEVT UF ah100050030sxi_p0100004b0_uf.evt.gz ah100050040sxi_p0100004b0_uf.evt.gz
SXIMZDYE EVT UF | ah100050030sxi_p0100004b1 uf.evt.gz ah100050040sxi_p0100004b1 uf.evt.gz
SXI HOTPIX ah100050030sxi_a0100004b0.hpix.gz ah100050040sxi_a0100004b0.hpix.gz

SXIMZDYE HOTPIX

ah100050030sxi_a0100004b1.hpix.gz

ah100050040sxi_a0100004b1.hpix.gz

SXI FLICKPIX

ah100050030sxi_a0100000b0.fpix.gz

ah100050040sxi_a0100000b0.fpix.gz

SXIMZDYE
FLICKPIX

ah100050030sxi_a0100000b1.fpix.gz

ah100050040sxi_a0100000b1.fpix.gz

SXI BAD PIXEL IMG

ah100050030sxi_p0100000b0.bimg.gz

ah100050040sxi_p0100000b0.bimg.gz

SXIMZDYE BAD

ah100050030sxi_p0100000b1.bimg.gz

ah100050040sxi_p0100000b1.bimg.gz

PIXEL IMG [
SXI TEL ah100050030sxi_tel.gti.gz ah100050040sxi_tel.gti.gz
SXIEVT CL ah100050030sxi_p0100004b0 cl.evt.gz ah100050040sxi_p0100004b0 cl.evt.gz

SXIMZDYE EVT CL

ah100050030sxi_p0100004b1 cl.evt.gz

ah100050040sxi_p0100004b1 cl.evt.gz

SXS AC

ah100050030sxs_alac_uf.evt.gz

ah100050040sxs_a0Oac_uf.evt.gz

SXS PIX12 GAIN

ah100050030sxs_a0px12000.ghf.ghz

ah100050040sxs_a0px12000.ghf.ghz

SXS EL GTI ah100050030sxs_el.gti.gz ah100050040sxs_el.gti.gz

SXS TEL ah100050030sxs_tel.gti.gz ah100050040sxs _tel.gti.gz

SXS PIX GTI ah100050030sxs pOpx1010 exp.gti.gz ah100050040sxs pOpx1010 exp.gti.gz
SXS PIX CL ah100050030sxs pOpx1010 cl.evt.gz ah100050040sxs pOpx1010 cl.evt.gz
Table 3¢ 100050030

GEN-HK ah100050050gen a0.hkl.gz

TIM ah100050050.tim.gz

ATTITUDE ah100050050.att.gz

ORBIT ah100050050.0rb.gz

OBSGTI ah100050050 gen.gti.gz

MKF ah100050050.mkf.gz

EHK ah100050050.ehk.gz

EHK?2 ah100050050.ehk2.gz

HXI1 HK ah100050050hx1 _a0.hk.gz

HXI2 HK ah100050050hx2 _a0.hk.gz

HXI DELTA-ATT

ah100050050hx1.att.gz

HXI DELTA-ATT

ah100050050hx2.att.gz

HXI1 CAMS ah100050050hx1 cms.fits.gz

HXI2 CAMS ah100050050hx2 cms.fits.gz

HXI1 SFFa ah100050050hx1 pOcamrec ufa.evt.gz
HXI2 SFFa ah100050050hx2 pOcamrec ufa.evt.gz
HXI TEL ah100050050hxi _tel.gti.gz

HXI1 PSEUDO

ah100050050hx1 pOcamrecpse cl.evt.gz

HXI2 PSEUDO

ah100050050hx2 _pOcamrecpse cl.evt.gz

HXI1 EVT CL ah100050050hx1 pOcamrec cl.evt.gz

HXI2 EVT CL ah100050050hx2 pOcamrec_cl.evt.gz

SGD1 SFFa ah100050050sg1 pOcclrec ufa.evt.gz
ah100050050sg1 pOcc2rec ufa.evt.gz
ah100050050sgl pOcc3rec_ufa.evt.gz

SGD TEL ah100050050sgd tel.gti.gz

SGD1 EVT CL ah100050050sg! pOcclrec cl.evt.gz

ah100050050sg1 pOcc2rec cl.evt.gz

ah100050050sg1 pOcc3rec cl.evt.gz

SGDI1 PSEUDO

ah100050050sg1 pOcclrecpse cl.evt.gz

ah100050050sg1 pOcc2recpse cl.evt.gz

ah100050050sgl pOcc3recpse cl.evt.gz

SXI HK ah100050050sxi_a0.hk.gz

SXIEVT UF ah100050050sxi_p0100004b0_uf.evt.gz
SXIMZDYE EVT UF | ah100050050sxi_p0100004b1 uf.evt.gz
SXI HOTPIX ah100050050sxi_a0100004b0.hpix.gz

SXIMZDYE HOTPIX

ah100050050sxi_a0100004b1.hpix.gz

SXI FLICKPIX

ah100050050sxi_a0100000b0.fpix.gz




SXI MZDYE ah100050050sxi_a0100000b1.fpix.gz
FLICKPIX

SXI BAD PIXEL IMG | ah100050050sxi_p0100000b0.bimg.gz
SXI MZDYE BAD ah100050050sxi_p0100000b1.bimg.gz
PIXEL IMG [

SXI TEL ah100050050sxi_tel.gti.gz

SXIEVT CL ah100050050sxi_p0100004b0_cl.evt.gz
SXIMZDYE EVT CL | ah100050050sxi_p0100004bl cl.evt.gz
SXS AC ah100050050sxs_a0ac_uf.evt.gz

SXS PIX12 GAIN ah100050050sxs a0px12000.ghf.ghz
SXS EL GTI ah100050050sxs_el.gti.gz

SXS TEL ah100050050sxs _tel.gti.gz

SXS PIX GTI ah100050050sxs pOpx1010 exp.gti.gz
SXS PIX CL ah100050050sxs pOpx1010 cl.evt.gz

a) Untar in a directory /full/path/to/data/.

All files are assumed to be in flat directories for each sequence

/full/path/to/data/100050010
/full/path/to/data/100050020
/full/path/to/data/100050030
/full/path/to/data/100050040
/full/path/to/data/100050050

Additional Files

Additional text files for analysis are as follows, and are shown in detail as they are used.
¢ standard (and other) extraction region files (place in dir /full/path/to/regions)
o region_SXS det.reg
region HXI 1000500123450.reg
region_SXI 1000500123450.reg
region HXI1 1000500123450 bkg.reg
region HXI2 1000500123450 bkg.reg
region_SXI 1000500123450 bkg.reg

O O O O O

e SXS (for PIXELALL filtering) and HXI lists of gti

o sxs_ahl100050020 gti PIXELALL.Ist
ah1000500123450hx1_pOcamrecpse cl.gti.lst
ah1000500123450hx2_pOcamrecpse cl.gti.lst
ah1000500123450hx1_pOcamrec_cl.gti.lst
ah1000500123450hx2_pOcamrec_cl.gti.lst

O O O O

NOTE on source regions files:

i) 3 arcmin circle (SKY coordinates) for HXI1 and HXI2
ii) 2.5 arcmin circle (SKYY coordinates) for SXI
iii) Full array (except pixel 12) for SXS (expressed in DET coordinates)

The region centers are determined by estimating the centroids of SKY coordinate images using XIMAGE
for the merged event files, and not on the expected source coordinates, although the difference is small.

Summary of Tasks Run

description input output CALDB
ahcalctime recalculate time tim file tim file frqtemfile
gen hk gen hk coeftime




<inst>-hk <inst>-hk coldeffile
<inst>-uf.evt <inst>-uf.evt delayfile
sxs lost GTI sxs lost GTI offsetfile
leapsecfile
ahpipeline reprocess all events indir
outdir
steminputs
stemoutputs
instrument
entry stage
exit_stage
verify_input
hxipipeline reprocess hxi events attitude hxi-uf hxi teldef
orbit hxi-ufa cams teldef
obsgti hxi-cl cams temperature
mkf hxi-pseudo-cl selectfile
ehk hxi-delta-attitude remapfile
hxi-hk gainfile
hxi-uf badpixfile
hxi-cams fluorefile
hxi-pseudo-uf enecutfile
sgdpipeline reprocess sgd events attitude sgd-uf remapfile
orbit sgd-ufa gainfile
obsgti sgd-cl badpixfile
mkf sgd-pseudo-cl fluorefile
ehk probseqfile
sgd-hk probfovfile
sgd-uf selectfile
sgd-pseudo-uf
sxipipeline reprocess sxi events attitude sxi-uf sxs teldef
orbit sxi-cl selectfile
obsgti sxi-fpix badpixfile
mkf sxi-bimg maskfile
ehk sxi-mode-gti vtevboddfile
sxi-hk sxi-seg-gti ctifile
sxi-uf chtrailfile
sxi-hpix spthfile
sxi-exp gainfile
patternfile
sxspipeline reprocess sxs events attitude sxs-hk sxs teldef
orbit sxs-uf selectfile
obsgti SXs-ac antico gain
mkf sxs-pix-cl pixel wiring map
ehk mxs-gti pixel gain
sxs-hk sxs-ghf antico gain
SXs-ac calline profiles
sxs-pix-uf delay file
sxs-el-gti time coefficients
pulse file
hxisgddtime | correct light curve and | pseudo-event file corrected light curve none
spectrum for dead time | Light curve corrected spectrum
Spectrum
GTI file




barycen correct time for Solar event file or corrected event file or none
System barycenter light curve light curve
orbit
ahgtigen create or combine GTI | ehk or mkf file or single or merged GTI leapsecfile
list of GTI
ahscreen create or combine GTI | event file screened event file leapsecfile
GTI selectfile
expression
sxsregext extract SXS data sxs-pix-cl image, lightcurve, spectrum | teldef
products region (SKY/DET) | exposure map instrument map
grade selection DET region qgefile
ehk contamifile
obffile
fwfile
gvfile
ahexpmap generate exposure map | ehk file exposure map file instmap
GTI file
bimg file (SXI)
pixgtifile (SXI/S)
range-theta
num-phi
ahexpmap generate flat field ehk file efficiency map file instmap
(SXI/S) GTI file gefile
bimg file (SXI) contamifile
pixgtifile vigfile
range-theta gvfile (SXS)
num-phi fwfile (SXS)
obffile (SXS)
sxsmkrmf generate SXS RMF file | sxs-pix-cl RMF file teldef
region (DET) line-spread function
grade selection
aharfgen generate ARF file exposure map ARF (SXI/S) or teldef
RMF RSP file (HXI) qgefile
delta-att file (HXI) contamifile (SXI/S)
cams-offset (HXI) gvfile (SXS)
region (DET) fwfile (SXS)
source distribution obffile (SXS)
energy range on-axis ARF (fine
and coarse)
mirror description
obstructions
frontside refl/trans
backside refl/trans
pre-coll refl/trans
scattering
hxirspeffimg | generate flat field exposure map efficiency map file teldef
(HXT) delta-attitude gefile
cams-offset rmfffile
energy range vigfile

raytrace file

on-axis ARF (fine
and coarse)
mirror description
obstructions




frontside refl/trans
backside refl/trans
pre-coll refl/trans
scatteringnstmap

Randomization

In the tool command examples in this document, the randomization seed is always
set to one number, seed=7. This is just for testing, to ensure that ahpipeline and the
instrument pipelines get the same results. In reality, a user would want a random
seed taken from the system time, ie seed=0.

Note on sequences.

The 100050010, 100050020, 100050030, and 100050040 sequences are similar in
content (although the 100050040 exposure is somewhat shorter); the 100050020
sequence is used as an example here for the SXS, SXI, and HXI. The 100050050
sequence has a much shorter exposure (1350 s, as opposed to ~86400 s for
100050010, 100050020, 100050030, and ~52070 s for 100050040), but represents
the only sequence with SGD data and is used as an example of SGD analysis. The
steps for analyzing the combined data set are also explained.

Non-Instrument Specific Processing

ahcalctime

100050020

For illustrative purposes the task is run without time-sorting which reduces the
runtime by a factor of ~10. In actual applications, set sorttime=yes, as
downstream tasks expect event files to be sorted in time.

ahcalctime indir=data/100050020 outdir=data/100050020_ahcalctime_outdir
verify input=no sorttime=no timecol=TIME clobber=yes

ahpipeline
(1) Recalibrate and rescreen data for all instruments using ahpipeline (~60 min)

ahpipeline indir=data/100050020 outdir=data/100050020 repro all
steminputs=ahl100050020 stemoutputs=DEFAULT entry stage=1 exit stage=2
instrum=ALL calc gtilost=yes verify input=NO clobber=yes chatter=2 seed=7
mode=hl

mv *log data/100050020 repro_all
cp ~/pfiles/ahpipeline.par data/100050020 repro_all

10




Note that, since the SGD DATAMODE=STANDBY, that SGD reprocessing is skipped.

Instrument Specific Reprocessing

100050020

Instrument-specific reprocessing may be applied using ahpipeline by changing the instrum
parameter from ALL to HXI, SXI, or SXS or by running the individual instrument pipelines as follows.

HXI

(1) Recalibrate and rescreen using hxipipeline (~6 min)

hxipipeline indir=data/100050020 outdir=data/100050020 repro hxi/hxi
steminputs=ahl100050020 stemoutputs=DEFAULT instrument=HXI entry stage=l

exit stage=2 verify input=no attitude=data/100050020/auxil/ahl100050020.att.gz
orbit=data/100050020/auxil/ah100050020.0rb.gz
extended_housekeeping=data/100050020/auxil/ah100050020.ehk.gz
makefilter=data/100050020/auxil/ah100050020.mkf.gz
obsgti=data/100050020/auxil/ah100050020 gen.gti.gz seed=7 clobber=yes chatter=2
mode=hl

mkdir data/100050020 repro hxi/parfiles
mkdir data/100050020 repro hxi/logfiles

mv *log data/100050020 repro hxi/logfiles
cp ~/pfiles/ahpipeline.par data/100050020 repro hxi/parfiles

SXI
(1) Recalibrate and rescreen using sxipipeline and default criteria (~21 min)

sxipipeline indir=data/100050020 outdir=data/100050020_repro_sxi/sxi
steminputs=ahl100050020 stemoutputs=DEFAULT entry stage=1 exit stage=2
attitude=data/100050020/auxil/ah100050020.att.gz
orbit=data/100050020/auxil/ah100050020.0rb.gz
obsgti=data/100050020/auxil/ah100050020 gen.gti.gz
housekeeping=data/100050020/sxi/hk/ah100050020sxi_a0.hk.gz
extended_housekeeping=data/100050020/auxil/ah100050020.ehk.gz
makefilter=data/100050020/auxil/ah100050020.mkf.gz clobber=yes chatter=2
mode=hl

mkdir data/100050020 repro sxi/logfiles
mkdir data/100050020 repro sxi/parfiles

mv *.log data/100050020 repro sxi/logfiles
cp ~/pfiles/sxipipeline.par data/100050020 repro_sxi/parfiles

SXS

(1) Recalibrate/rescreen using sxspipeline (~8 min)

sxspipeline indir=data/100050020 outdir=data/100050020 repro sxs/sxs
steminputs=ahl100050020 stemoutputs=ahl00050020 entry stage=1 exit stage=2
attitude=data/100050020/auxil/ah100050020.att.gz
orbit=data/100050020/auxil/ah100050020.0rb.gz
obsgti=data/100050020/auxil/ah100050020 gen.gti.gz
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housekeeping=data/100050020/sxs/hk/ah100050020sxs_a0.hkl.gz
timfile=data/100050020/auxil/ah100050020.tim.gz
extended_housekeeping=data/100050020/auxil/ah100050020.ehk.gz
makefilter=data/100050020/auxil/ah100050020.mkf.gz seed=7 clobber=yes chatter=2
mode=hl

mkdir data/100050020 repro sxs/parfiles
mkdir data/100050020 repro sxs/logfiles

mv *log data/100050020 repro sxs/logfiles
cp ~/pfiles/sxspipeline.par data/100050020 repro_sxs/parfiles

(2) Recalibrate/rescreen using sxspipeline, with a more restrictive screening (~8 min)

For the SXS, an alternative label (PIXELALL, as opposed to the default PIXELALL1
label) is included in the makefilter file that applies an additional screening based on
measured temperature fluctuations (HKSXSAC010<2.5)&&(HKSXSAC011<2.5). The
PIXELALL screening also keeps PIXEL==12 events, while the standard PIXELALL1
screening removes these.

sxspipeline indir=data/100050020 outdir=data/100050020 reprol sxs/sxs
steminputs=ahl100050020 stemoutputs=ahl00050020 entry stage=1 exit stage=2
attitude=data/100050020/auxil/ah100050020.att.gz
orbit=data/100050020/auxil/ah100050020.0rb.gz
obsgti=data/100050020/auxil/ah100050020 gen.gti.gz
housekeeping=data/100050020/sxs/hk/ah100050020sxs_a0.hkl.gz
timfile=data/100050020/auxil/ah100050020.tim.gz
extended_housekeeping=data/100050020/auxil/ah100050020.ehk.gz
makefilter=data/100050020/auxil/ah100050020.mkf.gz sxs_evtlabel=PIXELALL
sxs_ehklabel=PIXELALL sxs_mkflabel=PIXELALL seed=7 clobber=yes chatter=2
mode=hl

mkdir data/100050020 reprol sxs/parfiles
mkdir data/100050020 reprol sxs/logfiles

mv *log data/100050020 reprol sxs/logfiles
cp ~/pfiles/sxspipeline.par data/100050020 reprol sxs/parfiles

(3) Recalibrate/rescreen using sxspipeline, excluding lost event GTI (~8 min)

Setting screenlost=yes results in the screening, for all pixels, of lost event intervals
for any pixel. Unlike in the standard case, the lost event intervals per pixel should
not be included in the exposure map used to create the ARF (see below). This option
should not be used unless there is little or no pixel-to-pixel variation in the lost GTI
intervals.

sxspipeline indir=data/100050020 outdir=data/100050020 repro2 sxs/sxs
steminputs=ahl100050020 stemoutputs=ahl00050020 entry stage=1 exit stage=2
attitude=data/100050020/auxil/ah100050020.att.gz
orbit=data/100050020/auxil/ah100050020.0rb.gz
obsgti=data/100050020/auxil/ah100050020 gen.gti.gz
housekeeping=data/100050020/sxs/hk/ah100050020sxs_a0.hkl.gz
timfile=data/100050020/auxil/ah100050020.tim.gz
extended_housekeeping=data/100050020/auxil/ah100050020.ehk.gz
makefilter=data/100050020/auxil/ah100050020.mkf.gz screenlost=yes seed=7
clobber=yes chatter=2 mode=hl

mkdir data/100050020 repro2 sxs/parfiles
mkdir data/100050020 repro2 sxs/logfiles
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mv *log data/100050020 repro2 sxs/logfiles
cp ~/pfiles/sxspipeline.par data/100050020 repro2 sxs/parfiles

100050050
SGD

(1) Recalibrate and rescreen using sgdpipeline (~4 min)

sgdpipeline indir=data/100050050 outdir=data/100050050 repro sgd/sgd
steminputs=ahl100050050 stemoutputs=DEFAULT instrument=SGD entry stage=l

exit stage=2 verify input=no

extended housekeeping=data/100050050/auxil/ah100050050.ehk.gz
makefilter=data/100050050/auxil/ah100050050.mkf.gz
obsgti=data/100050050/auxil/ah100050050 gen.gti.gz seed=7 clobber=yes chatter=2
mode=hl

mkdir data/100050050 repro sgd/parfiles
mkdir data/100050050 repro sgd/logfiles

mv *log data/100050050 repro sgd/logfiles
cp ~/pfiles/ahpipeline.par data/100050050 repro sgd/parfiles

Extracting Products

This section details tools to run on cleaned event files to get instrument specific data products. These may
be applied to the original cleaned event files from the pipeline, or to new cleaned event files created using
the steps in the last section. In what follows, the original pipeline cleaned event files are used. The
extraction region files described above are assumed to be in the regions directory.

100050020

HXI
All newly created output files in this section are placed in the /full/path/to/data/hxi_products directory

cd /full/path/

mkdir data/products_hxi

cd data/products_hxi

(1) Extract source spectra and light curves using xselect

The content of the region file used here, ../../regions/region HXI 1000500123450.regq, is

# Region file format: DS9 version 4.1
fk5
circle(278.38824,-10.570683,180.0000") # font="helvetica 30 normal "

HXI1

xselect
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xsel:SUZAKU > read events

../100050020/hxi/event c1l/ah100050020hxl pOcamrec cl.evt.gz
xsel :HITOMI-HXI1-CAMERA NORMALl > filter region
../../regions/region HXI 1000500123450.reg

Xsel :HITOMI-HXI1-CAMERA NORMAL1
Xsel :HITOMI-HXI1-CAMERA NORMAL1
Xsel :HITOMI-HXI1-CAMERA NORMAL1
Xsel :HITOMI-HXI1-CAMERA NORMAL1
Xsel :HITOMI-HXI1-CAMERA NORMAL1
Xsel :HITOMI-HXI1-CAMERA NORMAL1

HXI2

xsel:SUZAKU > read events

>

>
>
>
>
>

extract spectrum

save spectrum ahl00050020hx1l_pOcamrec_cl.pi
plot spectrum

extract curve

save curve ahl100050020hx1_pOcamrec_cl.lc
plot curve

../100050020/hxi/event_c1l/ah100050020hx2_pOcamrec_cl.evt.gz
xsel :HITOMI-HXI2-CAMERA NORMALl > filter region
../../regions/region HXI 1000500123450.reg

xXsel:HITOMI-HXI2- CAMERA_NORMALl
Xsel :HITOMI-HXI2-CAMERA NORMAL1
Xsel :HITOMI-HXI2-CAMERA NORMAL1
Xsel :HITOMI-HXI2-CAMERA NORMAL1
Xsel :HITOMI-HXI2-CAMERA NORMAL1
Xsel :HITOMI-HXI2-CAMERA NORMAL1

Plot of Spectrum for HXI1
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extract spectrum
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Figure 1: HXI1 source spectrum and lightcurve for sequence 100050020

(2) Run hxisgddtime to correct the spectrum and light curve for dead time

Go back to /full/path/to/data/.. (the directory above the data directory)

cd../..

HXI1

hxisgddtime

infile=data/100050020/hxi/event c1/ah100050020hxl pOcamrecpse cl.evt.gz
inlcfile=data/products_hxi/ahl100050020hx1l pOcamrec cl.lc
inspecfile=data/products_hxi/ah100050020hx1l pOcamrec_cl.pi
outlcfile=data/products_ hxi/ah100050020hxl pOcamrec_dtime.lc
outfile=data/products hxi/ah100050020hx1l pOcamrec_dtime.pi
gtifile=data/100050020/hxi/event c1/ah100050020hx1l pOcamrec cl.evt.gz chatter=2

clobber=yes

mv hxisgddtime.log data/products hxi/hxisgddtime ahl100050020hx1.log

HXI2
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hxisgddtime
infile=data/100050020/hxi/event c1/ah100050020hx2 pOcamrecpse cl.evt.gz
inlcfile=data/products_hxi/ahl100050020hx2 pOcamrec cl.lc
inspecfile=data/products_hxi/ah100050020hx2 pOcamrec_cl.pi
outlcfile=data/products_hxi/ah100050020hx2 pOcamrec_dtime.lc
outfile=data/products hxi/ah100050020hx2 pOcamrec_dtime.pi
gtifile=data/100050020/hxi/event c1/ah100050020hx2 pOcamrec cl.evt.gz chatter=2
clobber=yes

mv hxisgddtime.log data/products hxi/hxisgddtime ahl100050020hx2.log

(3) Apply barycenter corrections for light curves

barycen infile=data/products_hxi/ah100050020hx1_pOcamrec_dtime.lc
outfile=data/products_hxi/ah100050020hx1l_pOcamrec_dtime_add_bary.lc
orbfile=data/100050020/auxil/ah100050020.0rb.gz ra=278.38988 dec=-10.56875
orbext=0ORBIT chatter=2 clobber=yes

barycen infile=data/products_hxi/ah100050020hx2_pOcamrec_dtime.lc
outfile=data/products_hxi/ah100050020hx2_pOcamrec_dtime_add_bary.lc

orbfile=data/100050020/auxil/ah100050020.0rb.gz ra=278.38988 dec=-10.56875
orbext=0ORBIT chatter=2 clobber=yes

Note that the ra and dec parameter are set to the object coordinates, which approximates the true average
pointing direction.

SXI
All newly created output files in this section are placed in the /full/path/to/data/sxi_products directory

cd /full/path/

mkdir data/products_sxi
cd data/products_sxi

There are two cleaned SXI event files for each of the G21.5-0.9 sequences, e.g. for sequence 100050020:

../100050020/sxi/event cl/ah100050020sxi p0100004b0 cl.evt.gz
../100050020/sxi/event cl/ah100050020sxi p0100004bl cl.evt.gz

The “b1” files refer to "Minus-Z Day Earth" (MZDYE) data conducted with area discrimination on and
different event thresholds. These must be independently analyzed from the “b0” or “Normal” data files.
Some additional screening is also needed on the Normal data to excise more MZDYE time.

The content of the region file used here, ../../regions/region SXI 1000500123450.regq, is

# Region file format: DS9 version 4.1
fk5
circle(278.38824,-10.570683,150") # color=white font="helvetica 30 normal "

(1) Extract 0.5-8 keV images, source spectra, and light curves using xselect

Normal Mode

xselect

xsel:SUZAKU > read events

../100050020/sxi/event cl/ah100050020sxi p0100004b0 cl.evt.gz
xsel:HITOMI-SXI-WINDOW1 > read hk
hkfiles="../100050020/auxil/ah100050020.ehk.gz" expand=yes
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xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1

../../regions/region_ SXI

xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1

MZDYE

xselect

VVVVVVVVVYV

VVVVYVYV]|

select hk MZDYE ELV>MZNTE ELV| |[MZDYE ELV>20

extract events

save events ahl100050020sxi p0100004b0 cl.evt
filter pha_cutoff 83 1333

set xybin 4

extract image

save image ahl00050020sxi p0100004b0 cl.img

plot image

clear pha_ cutoff

filter region

1000500123450.reg

extract spectrum

save spectrum ahl100050020sxi p0100004b0 cl.pi
plot spectrum

extract curve exposure=0.0

save curve ahl100050020sxi_p0100004b0_cl.1lc
plot curve

xsel:SUZAKU > read events ../100050020/sxi/event_cl/
ah100050020sxi_p0100004bl cl.evt.gz

xXsel:HITOMI-SXI-WINDOW1

>

xXsel:HITOMI-SXI-WINDOW1l >

xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1

../../regions/region_ SXI

xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1

77

>
>
>
>

V VVVYVV]

extract events

save events ahl00050020sxi_p0100004bl_cl.evt
set xybin 4

extract image

save image ahl00050020sxi p0100004bl cl.img
filter region

1000500123450.reg

extract spectrum

save spectrum ahl100050020sxi p0100004bl cl.pi
plot spectrum

extract curve exposure=0.0

save curve ahl100050020sxi_p0100004bl_cl.lc
plot curve

15.5

312 628 1253 77 155 312 628 1253
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Figure 2: SXI images (with extraction region), lightcurves, and source spectra for sequence 100050020 — normal
(left) and Minus Z Day Earth mode (right).

SXS
All newly created output files in this section are placed in the /full/path/to/data/sxs_products directory

cd /full/path/

mkdir data/products_sxs

cd data/products_sxs

(1) Additional screening

Create a “cleaned-2" SXS event file

ah100050020sxs_pOpx1010_cl2.evt

by applying a RISETIME cut to Hp, Mp, Ms, and Lp (but not Ls) events.
ftselect
infile='../100050020/sxs/event_cl/ah100050020sxs_pOpx1010_cl.evt.gz[events]'

outfile=ah100050020sxs_pOpx1010 cl2.evt expression="(PI>=400)&&((RISE_TIME>=40
&& RISE TIME<=60 && ITYPE<4)||(ITYPE==4))"
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(2) Alternative SXS event filtering

An alternative label in the CALDB mkf configuration (PIXELALL) includes an ADR recycle stability
criterion defined by two SXS housekeeping parameters that measure the standard deviation in the
temperature measure by separate thermometers (ADRC_CT_CTL_FLUC and ADRC_CT_MON_FLUC),
that is not applied in the default pipeline SXS event screening. The procedure to create the alternative
cleaned file:

ah100050020sxs_pOpx1010_cl2b.evt

which is equivalent to sxspipeline example (2) plus the additional rise-time screening described
above, is as follows:

a) Create the mkf GTI corresponding to the PIXELALL label

ahgtigen infile=../100050020/auxil/ah100050020.mkf.gz
outfile=ah100050020 sxs mkf PIXELALL.gti gtifile=NONE gtiexpr=NONE mergegti=AND
selectfile=CALDB label=PIXELALL instrume=SXS prefr=0.0 postfr=1.0

b) Create the ehk GTI

ahgtigen infile=../100050020/auxil/ah100050020.ehk.gz
outfile=ah100050020 sxs ehk PIXELALL.gti gtifile=NONE gtiexpr=NONE mergegti=AND
selectfile=CALDB label=PIXELALL instrume=SXS prefr=0.0 postfr=1.0

c) Create (or place in the working directory) the text file sxs_ah100050020_gti_PIXELALL.Ist, which
lists all of the SXS gti file extensions to use in screening. The list includes the two made in the
previous two steps, as well as the GTI in the original unfiltered event file, the non-saturated
telemetry GTI, the pointing GTI, the good attitude GTI, and the ADR cycle intervals when the gain is

stable (a file placed in the refarea directory SLHEA DATA upon building the software):

../100050020/sxs/event uf/ah100050020sxs_pOpx1010 uf.evt.gz+2
../100050020/sxs/event uf/ah100050020sxs_tel.gti.gz+l
../100050020/auxil/ah100050020 gen.gti.gz+2
../100050020/auxil/ah100050020 gen.gti.gz+5
ah100050020 sxs_ehk PIXELALL.gti+l
ah100050020 sxs mkf PIXELALL.gti+l

ahsxs adr.gti+2

To exclude the GTI when there are no LOST events in any pixel (for this dataset the LOST events

occur in nearly identical time intervals) the file ../100050020/ah100050020sxs_el.gti.gz+3
ought to be added to this list.

d) Create a GTI file that merges all the GTI in the list in step (c):
cp $LHEA DATA/ahsxs_adr.gti

ahgtigen infile=NONE outfile=ahl100050020sxs PIXELALL.gti
gtifile=@sxs ahl100050020 gti PIXELALL.lst gtiexpr=NONE mergegti=AND

e) Screen the data using the merged GTI file created in step (d), and the extra RISETIME screening
described above:

ahscreen infile=../100050020/sxs/event uf/ah100050020sxs pOpx1010 uf.evt.gz
outfile=ah100050020sxs pOpx1010 cl2b.evt gtifile=ahl100050020sxs PIXELALL.gti
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expr="(PI>=400)&&( (RISE_TIME>=40 && RISE TIME<=60 && ITYPE<4)||(ITYPE==4))"
mergegti=AND selectfile=CALDB label=PIXELALL cpkeyword=all clobber=yes

f) Adjust the PI TLMIN and TLMAX keywords (the unfiltered event file included baseline, ITYPE=5,
events with PI that may be <0).

fthedit ahl100050020sxs pOpx1010 cl2b.evt TLMIN45 a 0
fthedit ahl100050020sxs pOpx1010 cl2b.evt TLMAX45 a 32767

For this dataset, the decrease in the number of events in the cleaned event files is ~10-15%;
however, the count rate is unchanged (i.e., the exposure time is also ~10-15% lower). In what
follows we use event files extracted using the pipeline screening (i.e., applying the PIXELALL1 label).

(3) Extract source spectra and light curves using sxsregext or xselect

Use sxsregext to extract the spectrum ah100050020sxs_region SXS det.pha from the above
cleaned-2 event file events ah100050020sxs_pOpx1010_ cl2.evt for Hp events. Here we use
the corresponding SXI sky region (which includes all the SXS pixels except pixel 12) as input. The 35-
pixel detector region (ah100050020sxs_region_SXS_det .reg) and SXS exposure map
(ah100050020sxs_region_SXS_det.expo) are also created.

sxsregext infile=ahl00050020sxs pOpx1010 cl2.evt regmode=SKY
region=../../regions/region SXI 1000500123450.reg resolist=0
outroot=ah100050020sxs_region SXS det outexp=ahl00050020sxs.expo
ehkfile=../100050020/auxil/ah100050020.ehk.gz delta=0.4 numphi=4 clobber=yes

The content of the region file ah100050020sxs_region_SXS det.regis

physical
+box(4,1,5,1.00000000)
+box(3.5,2,6,1.00000000)
+box(3.5,3,6,1.00000000)
+box(3.5,4,6,1.00000000)
+box(3.5,5,6,1.00000000)
+box(3.5,6,6,1.00000000)

In addition to the spectrum, a DET coordinate image ah100050020sxs_region_SXS_ det.img and
lightcurve ah100050020sxs_region_ SXS det.lc are created, as displayed below using ds9 and
lcurve.

G21.5-0.9
Bintime: 100.0 s
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Figure 3: SXS source image and lightcurve for sequence 100050020.
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Note that, by default, HP (ITYPE 0) and MP (ITYPE 1) events are included in the spectrum (this may
be controlled via the hidden sxsregext resolist parameter). Also, note that the BACKSCAL keyword is
set to 5.468750E-01 which is the ratio of the number of pixels used in the extraction (35) to the total
detector address space in pixels (64). This is not a problem provided that any spectra to be
combined, subtracted etc. are created in the same manner. The following alternative using XSELECT
creates a spectrum with BACKSCAL=1:

xsel:SUZAKU > read events ahl00050020sxs_pOpx1010_cl2.evt

xsel :HITOMI-SXS-PX_NORMAL > filter column "PIXEL=0:11,13:35"

xsel :HITOMI-SXS-PX NORMAL > filter GRADE "0:0"

xsel :HITOMI-SXS-PX_ NORMAL > extract spectrum

xsel :HITOMI-SXS-PX NORMAL > save spectrum ahl100050020sxs_ pOpx1010 cl2 HP.pi

Note that Pixel 12 events are now excluded from the cleaned event files; so that the second step above may
be skipped if the original cleaned files are used.

100050050

SGD
All newly created output files in this section are placed in the /full/path/to/data/sgd_products directory

cd /full/path/

mkdir data/products_sgd

cd data/products_sgd
(1) Extract source spectrum and light curves using xselect

xselect

xsel:SUZAKU > read events

../100050050/sgd/event cl1l/ah100050050sgl pOcclrec cl.evt.gz
Xxsel:HITOMI-SGD1-CC_NORMALl > read events

../100050050/sgd/event cl1l/ah100050050sgl pOcc2rec _cl.evt.gz
Xxsel:HITOMI-SGD1-CC_NORMALl > read events

../100050050/sgd/event cl1l/ah100050050sgl pOcc3rec _cl.evt.gz
Xsel:HITOMI-SGD1-CC_NORMALl > extract events

Xsel:HITOMI-SGD1-CC_NORMAL1l > save events ahl00050050sgl_ pOccALLrec_cl.evt
Xsel:HITOMI-SGD1-CC_NORMALl > extract spectrum
Xsel:HITOMI-SGD1-CC_NORMAL1l > plot spectrum
xsel:HITOMI-SGD1-CC NORMALl > save spectrum ahl00050050sgl pOccALLrec_cl.pi
Xsel:HITOMI-SGD1-CC_NORMAL1l > extract curve exposure=0
Xsel:HITOMI-SGD1-CC_NORMAL1l > plot curve
Xsel:HITOMI-SGD1-CC_NORMALl > save curve ahl00050050sgl_ pOccALLrec_cl.lc

2) Run hxisgddtime to correct the spectrum and light curve for dead time
First, extract the spectrum and light curve for each individual sequence.

xselect

xsel:SUZAKU > read events

../100050050/sgd/event cl1l/ah100050050sgl pOcclrec cl.evt.gz
Xxsel:HITOMI-SGD1-CC_NORMALl > extract spectrum

Xsel :HITOMI-SGD1-CC_NORMAL1 save spectrum ahl100050050sgl pOcclrec cl.pi
Xsel :HITOMI-SGD1-CC_NORMAL1 extract curve exposure=0

Xsel :HITOMI-SGD1-CC_NORMAL1 save curve ahl00050050sgl_pOcclrec_cl.lc
Xxsel:HITOMI-SGD1-CC_NORMAL1l clear all

Xsel:HITOMI-SGD1-CC_NORMALl > read events

../100050050/sgd/event cl1l/ah100050050sgl pOcc2rec _cl.evt.gz

>
>
>
>
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Xsel:HITOMI-SGD1-CC_NORMAL1l > extract spectrum

xsel :HITOMI-SGD1-CC NORMALl > save spectrum ahl00050050sgl pOcc2rec cl.pi
Xsel:HITOMI-SGD1-CC_NORMAL1l > extract curve exposure=0
Xsel:HITOMI-SGD1-CC_NORMAL1l > save curve ahl00050050sgl_pOcc2rec_cl.lc
Xxsel:HITOMI-SGD1-CC_NORMALl > clear all

Xxsel:HITOMI-SGD1-CC_NORMAL1l > read events

../100050050/sgd/event cl1l/ah100050050sgl pOcc3rec _cl.evt.gz
Xsel:HITOMI-SGD1-CC_NORMAL1l > extract spectrum

xsel :HITOMI-SGD1-CC NORMALl > save spectrum ahl00050050sgl pOcc3rec cl.pi
Xsel:HITOMI-SGD1-CC_NORMAL1l > extract curve exposure=0
Xsel:HITOMI-SGD1-CC_NORMAL1l > save curve ahl00050050sgl_pOcc3rec_cl.lc

Apply the deadtime correction to each camera

hxisgddtime
infile=../100050050/sgd/event c1/ah100050050sgl pOcclrecpse cl.evt.gz
inlcfile=ahl100050050sgl pOcclrec_cl.lc inspecfile=ahl00050050sgl pOcclrec_cl.pi
outlcfile=ah100050050sgl pOcclrec dtime.lc
outfile=ah100050050sgl pOcclrec dtime.pi

gtifile=../100050050/sgd/event cl/ah100050050sgl pOcclrec cl.evt.gz chatter=2
clobber=yes

hxisgddtime
infile=../100050050/sgd/event c1/ah100050050sgl pOcc2recpse cl.evt.gz
inlcfile=ahl100050050sgl pOcc2rec_cl.lc inspecfile=ahl00050050sgl pOcc2rec_cl.pi
outlcfile=ah100050050sgl pOcc2rec_dtime.lc

outfile=ah100050050sgl pOcc2rec_dtime.pi

gtifile=../100050050/sgd/event cl/ah100050050sgl pOcc2rec _cl.evt.gz chatter=2
clobber=yes

hxisgddtime
infile=../100050050/sgd/event c1/ah100050050sgl pOcc3recpse cl.evt.gz
inlcfile=ahl100050050sgl pOcc3rec_cl.lc inspecfile=ahl00050050sgl pOcc3rec_cl.pi
outlcfile=ah100050050sgl pOcc3rec dtime.lc
outfile=ah100050050sgl pOcc3rec dtime.pi

gtifile=../100050050/sgd/event cl/ah100050050sgl pOcc3rec cl.evt.gz chatter=2
clobber=yes

Add the individual spectra, and add the keywords needed by sgdarfgen read from the header of any
of the individual spectra (identified using fkeyprint).

mathpha
expr=ahl100050050sgl pOcclrec dtime.pi+ahl00050050sgl pOcc2rec_dtime.pi+ahl100050

050sgl pOcc3rec _dtime.pi units=C outfil=ahl100050050sgl pOccALL dtime.pi
exposure=CALC areascal=% backscal=% ncomments=0

fthedit ahl100050050sgl pOccALL dtime.pi+l RA NOM a 278.386324569894
fthedit ahl100050050sgl pOccALL dtime.pi+l DEC_NOM a -10.56927241018
fthedit ahl100050050sgl pOccALL dtime.pi+l PA NOM a 88.4910216729388
fthedit ahl100050050sgl pOccALL dtime.pi+l DATE-OBS a 2016-03-23T13:06:20

100050010, 100050030, 100050030, 100050040, 100050050 COMBINED

HXI

All newly created output files in this section are placed in the /full/path/to/data/hxi_products directory
cd /full/path/

mkdir data/products_hxi
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cd data/products_hxi
(1) Extract source and background spectra and light curves using xselect

In the absence of an accurate model for the HXI non-X-ray background (NXB), an off-source spectrum
may be extracted - although this will necessarily include some of the source emission and result in an
underestimate of the flux. Event files are merged in xselect prior to extraction of the source and
background spectra and lightcurves.

The content of the background region file used here,
../../regions/region HXI1 1000500123450 bkg.reg, is

# Region file format: DS9 version 4.1

fk5

box(278.38669,-10.566035,490",490",-22.5)
-circle(278.38824,-10.570683,180.0000") # font="helvetica 30 normal "

HXI1

xselect

xsel:SUZAKU > read events

../100050010/hxi/event c1l/ah100050010hxl pOcamrec cl.evt.gz
Xsel :HITOMI-HXI1-CAMERA NORMALl > read events
../100050020/hxi/event cl1l/ah100050020hx]l pOcamrec cl.evt.gz
Xsel :HITOMI-HXI1-CAMERA NORMALl > read events
../100050030/hxi/event c1l/ah100050030hxl pOcamrec cl.evt.gz
Xsel :HITOMI-HXI1-CAMERA NORMALl > read events
../100050040/hxi/event c1l/ah100050040hxl pOcamrec cl.evt.gz
Xsel :HITOMI-HXI1-CAMERA NORMALl > read events
../100050050/hxi/event cl1l/ah100050050hx]l pOcamrec cl.evt.gz
xsel :HITOMI-HXI1-CAMERA NORMAL1l > filter region
../../regions/region HXI 1000500123450.reg

Xsel :HITOMI-HXI1-CAMERA NORMALl > extract spectrum
xsel:HITOMI-HXI1-CAMERA NORMALl > save spectrum ahl000500ALLOhx1 pOcamrec_cl.pi
Xsel:HITOMI-HXI1-CAMERA NORMALl > plot spectrum

Xsel :HITOMI-HXI1-CAMERA NORMALl > extract curve

Xsel :HITOMI-HXI1-CAMERA NORMALl > save curve ahl000500ALLOhx1l pOcamrec_cl.lc
Xsel :HITOMI-HXI1-CAMERA NORMAL1l > plot curve

xsel :HITOMI-HXI1-CAMERA NORMALl > clear region

xsel :HITOMI-HIX1-CAMERA NORMALl > filter region
../../regions/region HXI1 1000500123450 bkg.reg

Xsel :HITOMI-HIX1-CAMERA NORMALl > extract spectrum
Xxsel:HITOMI-HIX1-CAMERA NORMALl > save spectrum
ahl1000500ALLOhx]1 pOcamrec_cl bkg.pi

Xsel :HITOMI-HIX1-CAMERA NORMALl > plot spectrum

Xsel :HITOMI-HIX1-CAMERA NORMALl > extract curve

Xsel :HITOMI-HIX1-CAMERA NORMALl > save curve
ahl000500ALLOhx]1 pOcamrec_cl bkg.lc

Xsel :HITOMI-HIX1-CAMERA NORMAL1l > plot curve

HXI2

The content of the background region file used here,
../../regions/region HXI1 1000500123450 bkg.reg, is

# Region file format: DS9 version 4.1

fk5

box(278.38269,-10.565051,490",490",22.5)
-circle(278.38824,-10.570683,180") # font="helvetica 30 normal "
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xselect
xsel:SUZAKU > read events

../100050010/hxi/event c1l/ah100050010hx2 pOcamrec cl.evt.gz

Xsel :HITOMI-HXI2-CAMERA NORMALl > read events

../100050020/hxi/event c1l/ah100050020hx2 pOcamrec _cl.evt.gz

Xsel :HITOMI-HXI2-CAMERA NORMALl > read events

../100050030/hxi/event c1l/ah100050030hx2 pOcamrec cl.evt.gz

Xsel :HITOMI-HXI2-CAMERA NORMALl > read events

../100050040/hxi/event cl1l/ah100050040hx2 pOcamrec cl.evt.gz

Xsel :HITOMI-HXI2-CAMERA NORMALl > read events

../100050050/hxi/event cl1/ah100050050hx2 pOcamrec _cl.evt.gz
xsel :HITOMI-HXI2-CAMERA NORMALl > filter region

../../regions/region HXI 1000500123450.reg

Xsel :HITOMI-HXI1-CAMERA NORMALl > extract spectrum

Xsel :HITOMI-HXI2-CAMERA NORMAL1
Xsel :HITOMI-HXI2-CAMERA NORMAL1
Xsel :HITOMI-HXI2-CAMERA NORMAL1
Xsel :HITOMI-HXI2-CAMERA NORMAL1
Xsel :HITOMI-HXI2-CAMERA NORMAL1
Xsel :HITOMI-HXI2-CAMERA NORMAL1

plot curve

VVVVVYV

clear region

xsel :HITOMI-HIX2-CAMERA NORMALl > filter region
../../regions/region HXI2 1000500123450 bkg.reg
Xsel :HITOMI-HIX2-CAMERA NORMALl > extract spectrum
xsel :HITOMI-HIX2-CAMERA NORMALl > save spectrum

ahl1000500ALL0hx2 pOcamrec_cl bkg.pi

Xsel :HITOMI-HIX2-CAMERA NORMALl > plot spectrum
Xsel :HITOMI-HIX2-CAMERA NORMALl > extract curve

Xsel :HITOMI-HIX2-CAMERA NORMALl > save curve
ahl000500ALLOhx2 pOcamrec_cl bkg.lc
Xsel :HITOMI-HIX2-CAMERA NORMAL1l > plot curve

02 05 11 24 50 101 203 409 817 02 05 11

Figure 4: HXI1 (left) and HXI2 (right) background regions.
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Figure 5: Combined HXI2 background spectrum and lightcurve for sequences ah100050010, ah100050020,
ah100050030, ah100050040, and ah100050050.

(2) Construct the dead-time corrected source and background spectra using xselect, hxisgddtime,
and ahgtigen

HXI1
(a) Merge the pseudo-event files, including their GTI extensions:

ftmerge
'../100050010/hxi/event cl1/ah100050010hx1l pOcamrecpse cl.evt.gz,../100050020/hx
i/event c1l/ah100050020hxl pOcamrecpse cl.evt.gz,../100050030/hxi/event cl/ahl100
050030hx1 pOcamrecpse cl.evt.gz,../100050040/hxi/event c1/ah100050040hxl pOcamr
ecpse cl.evt.gz,../100050050/hxi/event c1/ah100050050hx1l pOcamrecpse cl.evt.gz'
ahl000500ALLOhx1 pOcamrecpse cl.evt

ahgtigen infile=NONE outfile=ahl1000500ALLOhx1 pOcamrecpse cl.gti
gtifile=@ahl1000500123450hx1l pOcamrecpse cl.gti.lst gtiexpr=NONE mergegti=OR

where ah1000500123450hx1_pOcamrecpse cl.gti.lst is a text file listing all GTI extensions:

../100050010/hxi/event c1l/ah100050010hxl pOcamrecpse cl.evt.gz+2
../100050020/hxi/event cl1l/ah100050020hxl pOcamrecpse cl.evt.gz+2
../100050030/hxi/event cl1l/ah100050030hxl pOcamrecpse cl.evt.gz+2
../100050040/hxi/event c1l/ah100050040hxl pOcamrecpse cl.evt.gz+2
../100050050/hxi/event cl1l/ah100050050hxl pOcamrecpse cl.evt.gz+2

ftdelhdu 'ahl000500ALLOhx1 pOcamrecpse cl.evt[GTI]' none confirm=YES

ftappend 'ahl000500ALLOhx1 pOcamrecpse cl.gti[GTI]'
ahl000500ALLOhx]1 pOcamrecpse cl.evt

(b) Merge the event file GTI extensions:

ahgtigen infile=NONE outfile=ahl1000500ALLOhx1 pOcamrec cl.gti
gtifile=@ahl1000500123450hx]1l pOcamrec_cl.gti.lst gtiexpr=NONE mergegti=OR

where ah1000500123450hx]1_pOcamrec_cl.gti.lst is a text file listing all GTI extensions:

../100050010/hxi/event cl1l/ah100050010hxl pOcamrec cl.evt.gz+2
../100050020/hxi/event cl1l/ah100050020hx1l pOcamrec_cl.evt.gz+2
../100050030/hxi/event cl1l/ah100050030hxl pOcamrec_cl.evt.gz+2
../100050040/hxi/event cl1l/ah100050040hx1l pOcamrec_cl.evt.gz+2
../100050050/hxi/event cl1l/ah100050050hx1l pOcamrec_cl.evt.gz+2

fthedit ahl000500ALLOhx1 pOcamrec_cl.gti INSTRUME a HXI1
fthedit ahl000500ALLOhx1 pOcamrec_cl.gti DETNAM a CAMERA

(c) Apply the deadtime correction to the merged source and background spectra and lightcurves, using the
merged pseudo-event and event GTI files:

hxisgddtime infile=ahl000500ALLOhx1 pOcamrecpse cl.evt
inlcfile=ahl000500ALLOhx1 pOcamrec_cl.lc
inspecfile=ahl000500ALLOhx]1 pOcamrec_cl.pi
outlcfile=ahl000500ALL0hx]1_pOcamrec_dtime.lc
outfile=ahl000500ALL0hx1_pOcamrec_dtime.pi
gtifile=ahl1000500ALL0hx1 pOcamrec cl.gti

hxisgddtime infile=ahl000500ALLOhx1 pOcamrecpse cl.evt

inlcfile=ahl000500ALLOhx1 pOcamrec_cl bkg.lc
inspecfile=ahl000500ALLOhx]1 pOcamrec_cl bkg.pi
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outlcfile=ahl1000500ALL0hx]1_ pOcamrec_dtime_bkg.lc
outfile=ahl1000500ALL0Ohx]l pOcamrec dtime bkg.pi
gtifile=ahl1000500ALL0hx1l pOcamrec cl.evt

HXI2
(a) Merge the pseudo-event files, including their GTI extensions:

ftmerge
'../100050010/hxi/event cl1l/ah100050010hx2 pOcamrecpse cl.evt.gz,../100050020/hx
i/event c1l/ah100050020hx2 pOcamrecpse cl.evt.gz,../100050030/hxi/event cl/ahl100
050030hx2 pOcamrecpse cl.evt.gz,../100050040/hxi/event c1/ah100050040hx2 pOcamr
ecpse cl.evt.gz,../100050050/hxi/event c1/ah100050050hx2 pOcamrecpse cl.evt.gz'
ahl000500ALLOhx2 pOcamrecpse cl.evt

ahgtigen infile=NONE outfile=ahl1000500ALLOhx2 pOcamrecpse cl.gti
gtifile=@ahl1000500123450hx2 pOcamrecpse cl.gti.lst gtiexpr=NONE mergegti=OR

where ah1000500123450hx2 pOcamrecpse cl.gti.lst is a text file listing all GTI extensions:

../100050010/hxi/event c1l/ah100050010hx2 pOcamrecpse cl.evt.gz+2
../100050020/hxi/event cl1l/ah100050020hx2 pOcamrecpse cl.evt.gz+2
../100050030/hxi/event cl1l/ah100050030hx2 pOcamrecpse cl.evt.gz+2
../100050040/hxi/event c1l/ah100050040hx2 pOcamrecpse cl.evt.gz+2
../100050050/hxi/event c1l/ah100050050hx2 pOcamrecpse cl.evt.gz+2

ftdelhdu 'ahl000500ALLOhx2 pOcamrecpse cl.evt[GTI]' none confirm=YES

ftappend 'ahl000500ALLOhx2 pOcamrecpse cl.gti[GTI]'
ahl000500ALLOhx2 pOcamrecpse cl.evt

(b) Merge the event file GTI extensions:

ahgtigen infile=NONE outfile=ahl1000500ALLOhx2 pOcamrec cl.gti
gtifile=@ahl1000500123450hx2 pOcamrec_cl.gti.lst gtiexpr=NONE mergegti=OR

where ah1000500123450hx2 pOcamrec_cl.gti.lst is a text file listing all GTI extensions:

../100050010/hxi/event cl1l/ah100050010hx2 pOcamrec_cl.evt.gz+2
../100050020/hxi/event cl1l/ah100050020hx2 pOcamrec_cl.evt.gz+2
../100050030/hxi/event cl1l/ah100050030hx2 pOcamrec_cl.evt.gz+2
../100050040/hxi/event cl1l/ah100050040hx2 pOcamrec_cl.evt.gz+2
../100050050/hxi/event cl1l/ah100050050hx2 pOcamrec_cl.evt.gz+2

fthedit ahl000500ALLOhx2 pOcamrec_cl.gti INSTRUME a HXI2
fthedit ahl000500ALLOhx2 pOcamrec_cl.gti DETNAM a CAMERA

(c) Apply the deadtime correction to the merged source and background spectra and lightcurves, using the
merged pseudo-event and event GTI files:

hxisgddtime infile=ahl000500ALLOhx2 pOcamrecpse cl.evt
inlcfile=ahl000500ALL0hx2 pOcamrec_cl.lc
inspecfile=ahl000500ALL0hx2 pOcamrec_cl.pi
outlcfile=ahl000500ALL0hx2_ pOcamrec_dtime.lc
outfile=ahl000500ALL0hx2_ pOcamrec_dtime.pi
gtifile=ahl1000500ALL0hx2 pOcamrec cl.gti

hxisgddtime infile=ahl000500ALLOhx2 pOcamrecpse cl.evt
inlcfile=ahl000500ALL0hx2 pOcamrec_cl bkg.lc
inspecfile=ahl000500ALL0hx2 pOcamrec_cl bkg.pi
outlcfile=ahl000500ALL0hx2_ pOcamrec_dtime_bkg.lc
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outfile=ahl000500ALL0hx2_ pOcamrec_dtime bkg.pi
gtifile=ahl1000500ALL0hx2 pOcamrec cl.evt

SXI

All newly created output files in this section are placed in the /full/path/to/data/sxi_products directory
cd /full/path/

cd data/products_sxi

(1) Extract 0.5-8 keV images, source spectra, and light curves using xselect

Normal mode

xselect

xsel:SUZAKU > read events

../100050010/sxi/event cl/ah100050010sxi p0100004b0 cl.evt.gz
xsel:HITOMI-SXI-WINDOW1 > read hk
hkfiles="../100050010/auxil/ah100050010.ehk.gz" expand=yes
xsel:HITOMI-SXI-WINDOW1l > select hk MZDYE_ELV>MZNTE_ELV||MZDYE_ELV>20
xsel :HITOMI-SXI-WINDOW1l > extract events

xsel :HITOMI-SXI-WINDOW1l > save events ahl00050010sxi p0100004b0 cl.evt

Do the above for all five sequences 100050010, 100050020, 100050030, 100050040, and 100050050

xselect

xsel:SUZAKU > read events ahl00050010sxi p0100004b0 cl.evt

xsel :HITOMI-SXI-WINDOW1l > read events ahl00050020sxi p0100004b0 cl.evt
Xsel :HITOMI-SXI-WINDOW1 read events ahl100050030sxi p0100004b0 cl.evt
Xsel :HITOMI-SXI-WINDOW1 read events ahl100050040sxi p0100004b0 cl.evt
Xsel :HITOMI-SXI-WINDOW1 read events ahl100050050sxi p0100004b0 cl.evt
Xsel :HITOMI-SXI-WINDOW1 extract events

Xsel :HITOMI-SXI-WINDOW1 save events ahl000500ALLOsxi p0100004b0 cl.evt
xsel :HITOMI-SXI-WINDOW1 filter pha cutoff 83 1333
xXsel:HITOMI-SXI-WINDOW1 set xybin 4

xsel:HITOMI-SXI-WINDOW1 extract image

xsel:HITOMI-SXI-WINDOW1 save image ahl000500ALLOsxi p0100004b0 cl.img
xsel :HITOMI-SXI-WINDOW1 plot image

Xxsel :HITOMI-SXI-WINDOW1 clear pha_cutoff

Xsel :HITOMI-SXI-WINDOW1 filter region

../../regions/region SXI 1000500123450.reg

VVVVVVVVVYVVYV

xsel:HITOMI-SXI-WINDOWl > extract spectrum

xsel :HITOMI-SXI-WINDOW1l > save spectrum ahl000500ALLOsxi p0100004b0 cl.pi
Xsel:HITOMI-SXI-WINDOW1l > plot spectrum

xsel:HITOMI-SXI-WINDOWl > extract curve exposure=0.0

xsel :HITOMI-SXI-WINDOW1l > save curve ahl000500ALLOsxi p0100004b0 _cl.lc
xXsel:HITOMI-SXI-WINDOW1l > plot curve

MZDYE

xselect

xsel:SUZAKU > read events

../100050010/sxi/event cl/ah100050010sxi p0100004bl cl.evt.gz

xsel :HITOMI-SXI-WINDOW1l > extract events

xsel :HITOMI-SXI-WINDOW1l > save events ahl00050010sxi p0100004bl cl.evt

Do the above for all five sequences 100050010, 100050020, 100050030, 100050040, and 100050050
xselect

xsel:SUZAKU > read events ahl00050010sxi p0100004bl cl.evt
xsel :HITOMI-SXI-WINDOW1l > read events ahl00050020sxi p0100004bl cl.evt
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xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1

../../regions/region_ SXI

xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1

VVVVVVVVVYV

VVVVYVYV]|

read events ahl100050030sxi p0100004bl cl.evt
read events ahl100050040sxi p0100004bl cl.evt
read events ahl100050050sxi p0100004bl cl.evt
extract events

save events ahl000500ALLOsxi p0100004bl cl.evt
set xybin 4

extract image

save image ahl000500ALLOsxi p0100004bl_cl.img
plot image

filter region

1000500123450.reg

extract spectrum

save spectrum ahl000500ALLOsxi_p0100004bl_cl.pi
plot spectrum

extract curve exposure=0.0

save curve ahl000500ALLOsxi p0100004bl_cl.lc
plot curve

(2) Extract Normal mode background spectrum and light curve using xselect

Background is extracted frome the entire chip, excluding the calibration source regions and a 9 arcmin

circle centered on the source.

a) create the merged event files with cal-source region removed

Normal mode

ftselect ahl000500ALLOsxi p0100004b0 cl.evt
ahl1000500ALLOsxi_p0100004b0_cl nocal.evt "STATUS[2]==b0"

The content of the region file used here, ../../regions/region SXI 1000500123450 bkg.reg, is

# Region file format: DS9 version 4.1
global color=green dashlist=8 3 width=1 font="helvetica 10 normal roman" select=1
highlite=1 dash=0 fixed=0 edit=1 move=1 delete=1 include=1 source=1l

£k5

box(278.44101,-10.512725,2220",2220",88.49) # color=white font="helvetica 30 normal "
-circle(278.38824,-10.570683,540") # color=white font="helvetica 30 normal "
-circle(278.1305,-10.519506,167.47706") # color=white font="helvetica 30 normal "
-circle(278.75384,-10.495823,167.47706") # color=white font="helvetica 30 normal "
-circle(278.36627,-10.407636,90") # color=white font="helvetica 30 normal "
-circle(278.25239,-10.490114,90") # color=white font="helvetica 30 normal "

b) extract the background spectrum using a region that excludes a 9 arcmin circle around the source, along
with the calibration source regions and a few point sources

xselect

xsel:SUZAKU > read events

xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1

xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1
xXsel:HITOMI-SXI-WINDOW1

ah100050010sxi p0100004b0_cl nocal.evt

read events ahl100050020sxi p0100004b0_cl nocal.evt
read events ahl100050030sxi p0100004b0_cl nocal.evt
read events ahl100050040sxi p0100004b0_cl nocal.evt
read events ahl100050050sxi p0100004b0_cl nocal.evt
filter region

extract spectrum

save spectrum ahl000500ALLOsxi p0100004b0 cl bkg.pi
plot spectrum

extract curve exposure=0.0

save curve ahl000500ALLOsxi_p0100004b0_cl_ bkg.lc
plot curve
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Figure 6: SXI image with cal-source region excluded and background extraction region (left), and combined
background spectra for sequences 100050010, 100050020, 100050030, 100050040, and 10005050 (right).

SXS
All newly created output files in this section are placed in the /full/path/to/data/sxs_products directory

cd /full/path/
cd data/products_sxs
i) combine the event files in xselect

xselect

xsel:SUZAKU > read events

../100050010/sxs/event cl1l/ah100050010sxs pOpx1010 cl.evt.gz
xsel:HITOMI-SXS-PX_ NORMAL > read events
../100050020/sxs/event cl1l/ah100050020sxs_pOpx1010 cl.evt.gz
xsel:HITOMI-SXS-PX_ NORMAL > read events
../100050030/sxs/event cl1l/ah100050030sxs_pOpx1010 cl.evt.gz
xsel:HITOMI-SXS-PX_ NORMAL > read events
../100050040/sxs/event cl1l/ah100050040sxs_ pOpx1010 cl.evt.gz
xsel:HITOMI-SXS-PX_ NORMAL > read events
../100050050/sxs/event cl1l/ah100050050sxs pOpx1010 cl.evt.gz
xsel :HITOMI-SXS-PX NORMAL > extract events
Xsel:HITOMI-SXS-PX NORMAL > save events ahl000500ALLOsxs_pOpx1010_cl.evt

ii) apply the extra rise-time screening

ftselect infile='ahl000500ALLOsxs pOpx1010 cl.evt[events]'
outfile=ahl1000500ALL0sxs pOpx1010 cl2.evt
expression="(PI>=400)&&( (RISE_TIME>=40 && RISE TIME<=60 &&
ITYPE<4) || (ITYPE==4))"

iii) extract the spectrum
ftmerge
'../100050010/auxil/ah100050010.ehk.gz,../100050020/auxil/ah100050020.ehk.gz, ..

/100050030/auxil/ah100050030.ehk.gz,../100050040/auxil/ah100050040.ehk.gz,../10
0050050/auxil/ah100050050.ehk.gz' ahl000500ALL0.ehk
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sxsregext infile=ahl000500ALLO0sxs pOpx1010 cl2.evt regmode=SKY
region=../../regions/region SXI 1000500123450.reg resolist=0
outroot=ahl000500ALL0sxs region SXS det outexp=ahl000500ALLOSsxS.eXpo
ehkfile=ah1000500ALL0.ehk delta=0.4 numphi=4 clobber=yes

or, equivalently,

xXsel:SUZAKU > read events ahl000500ALLOsxs pOpx1010 _cl2.evt
xsel :HITOMI-SXS-PX_NORMAL > filter column "PIXEL=0:11,13:35"
Xsel :HITOMI-SXS-PX NORMAL filter GRADE "0:0"

>
xsel :HITOMI-SXS-PX_ NORMAL > extract spectrum
xsel :HITOMI-SXS-PX NORMAL > save spectrum ahl000500ALLOsxs pOpx1010 cl2 HP.pi

Generating Exposure Map, RMF, and ARF

100050020

HXI

All newly created output files in this section are placed in the /full/path/to/data/hxi_products directory

cd /full/path/

cd data/products_hxi

(1) Create an exposure map for each HXI

The exposure maps generated here are used in the two examples below to make both the RSP and flat field

for the HXI. Note: The exposure maps are created with the parameters delta=20.0, numphi=1 to

assure that the map includes only a single attitude bin. This accounts for the fact that the attitude is

evidently stable, but not accurately characterized by the attitude file.
HXI1

ahexpmap ehkfile=../100050020/auxil/ah100050020.ehk.gz
gtifile=../100050020/hxi/event_cl/ah100050020hx1l_pOcamrec_cl.evt.gz
instrume=HXI1 badimgfile=NONE pixgtifile=NONE

outfile=ah100050020hx1l pOcamrec.expo outmaptype=EXPOSURE delta=20.0 numphi=1
stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=10.0 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make expo ahl00050020hxl pOcamrec.log

HXI2

ahexpmap ehkfile=../100050020/auxil/ah100050020.ehk.gz
gtifile=../100050020/hxi/event_cl/ah100050020hx2_pOcamrec_cl.evt.gz
instrume=HXI2 badimgfile=NONE pixgtifile=NONE

outfile=ah100050020hx2 pOcamrec.expo outmaptype=EXPOSURE delta=20.0 numphi=1
stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=10.0 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make expo ahl00050020hx2 pOcamrec.log

(2) Create an RSP for each HXI (~25 min)
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Make RSP for HXI1 and HXI2, sampling=120, point source at center of extraction region

region HXI 1000500123450.reg. In general, the source_ra and source_dec parameters should be
the coordinates of the center of the source in the image, which are not necessarily the same as the actual
source coordinates. The runtime estimated above is for the case above where the exposure map has a

single attitude bin. The parameter numphoton may need to be decreased to accommodate a age number of
attitude bins.

HXI1

aharfgen xrtevtfile=raytrace ahl100050020hx1l pOcamrec.fits source ra=278.38824
source dec=-10.570683 telescop=HITOMI instrume=HXI1
emapfile=ahl100050020hx1l pOcamrec.expo

dattfile=../100050020/hxi/event uf/ah100050020hxl.att.gz regmode=SKY
regionfile=../../regions/region HXI 1000500123450.reg sampling=120
sourcetype=point erange="4.0 80.0" outfile=ahl100050020hxl rt.rsp
filtoffsetfile=../100050020/hxi/event_uf/ahl100050020hx1l_cms.fits.gz
numphoton=10000 minphoton=1 teldeffile=CALDB gefile=CALDB rmffile=CALDB
onaxisffile=CALDB onaxiscfile=CALDB mirrorfile=CALDB obstructfile=CALDB
frontreffile=CALDB pcolreffile=CALDB scatterfile=CALDB chatter=2 mode=h
logfile=make_arf ahl00050020hx1l_pOcamrec.log seed=7

HXI2

aharfgen xrtevtfile=raytrace ahl100050020hx2 pOcamrec.fits source ra=278.38824
source dec=-10.570683 telescop=HITOMI instrume=HXI2
emapfile=ahl100050020hx2 pOcamrec.expo

dattfile=../100050020/hxi/event uf/ah100050020hx2.att.gz regmode=SKY
regionfile=../../regions/region HXI 1000500123450.reg sampling=120
sourcetype=point erange="4.0 80.0" outfile=ahl100050020hx2 rt.rsp
filtoffsetfile=../100050020/hxi/event_uf/ahl100050020hx2_cms.fits.gz
numphoton=10000 minphoton=1 teldeffile=CALDB gefile=CALDB rmffile=CALDB
onaxisffile=CALDB onaxiscfile=CALDB mirrorfile=CALDB obstructfile=CALDB
frontreffile=CALDB pcolreffile=CALDB scatterfile=CALDB chatter=2 mode=h
logfile=make_arf ahl00050020hx2_pOcamrec.log seed=7

(3) Create flat field efficiency images for each HXI
HXI1

hxirspeffimg telescop=HITOMI instrume=HXI1

emapfile=ahl100050020hx1l pOcamrec.expo

xrtevtfile=raytrace ahl100050020hx1l pOcamrec.fits onaxisffile=CALDB
onaxiscfile=CALDB regionfile=NONE

dattfile=../100050020/hxi/event uf/ah100050020hxl.att.gz stopsys=SKY
sampling=40 erange="4.0 80.0"
filtoffsetfile=../100050020/hxi/event_uf/ahl100050020hx1l_cms.fits.gz
outflatfile=ah100050020hx1 flatfield.fits vigfile=CALDB outmaptype=EFFICIENCY
gefile=CALDB rmffile=CALDB chatter=2 mode=h

HXI2

hxirspeffimg telescop=HITOMI instrume=HXI2

emapfile=ahl100050020hx2 pOcamrec.expo

xrtevtfile=raytrace ahl100050020hx2 pOcamrec.fits onaxisffile=CALDB
onaxiscfile=CALDB regionfile=NONE

dattfile=../100050020/hxi/event uf/ah100050020hx2.att.gz stopsys=SKY
sampling=40 erange="4.0 80.0"
filtoffsetfile=../100050020/hxi/event_uf/ahl100050020hx2_cms.fits.gz
outflatfile=ah100050020hx2 flatfield.fits vigfile=CALDB outmaptype=EFFICIENCY
gefile=CALDB rmffile=CALDB chatter=2 mode=h
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These commands produces the following images:

0.075 0.15 0.23 0.3 0.38 0.45 0.53 0.6 0.68

Figure 7: HXI1 (left) and HXI2 (right) flat field images for sequence 100050020.

SXI

All newly created output files in this section are placed in the /full/path/to/data/sxi_products directory
cd /full/path/

cd data/products_sxi
(1) Create an RMF for the source spectrum

Normal mode

sxirmf infile=ahl100050020sxi_p0100004b0_cl.pi
outfile=ah100050020sxi p0100004b0 cl.rmf clobber=yes mode=hl

MZDYE

sxirmf infile=ahl100050020sxi_p0100004bl_cl.pi
outfile=ah100050020sxi p0100004bl cl.rmf clobber=yes mode=hl

(2) Create an Exposure Map for the source spectrum
Normal mode

ahexpmap ehkfile=../100050020/auxil/ah100050020.ehk.gz

gtifile=ah100050020sxi p0100004b0 cl.evt instrume=SXI
badimgfile=../100050020/sxi/event uf/ah100050020sxi p0100004b0.bimg.gz
pixgtifile=../100050020/sxi/event uf/ah100050020sxi a0100004b0.fpix.gz
outfile=ah100050020sxi p0100004b0.expo outmaptype=EXPOSURE delta=20.0 numphi=1
stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make expo ahl00050020sxi a0100004b0.log

MZDYE
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ahexpmap ehkfile=../100050020/auxil/ah100050020.ehk.gz

gtifile=ah100050020sxi p0100004bl cl.evt instrume=SXI
badimgfile=../100050020/sxi/event uf/ah100050020sxi p0100004bl.bimg.gz
pixgtifile=../100050020/sxi/event uf/ah100050020sxi a0100004bl.fpix.gz
outfile=ah100050020sxi p0100004bl.expo outmaptype=EXPOSURE delta=20.0 numphi=1
stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make expo ahl100050020sxi a0100004bl.log

(3) Create an ARF for the source spectrum (~40 min)

In general, the source_ra and source_dec parameters should be the coordinates of the center of the
source in the image, which are not necessarily the same as the actual source coordinates. The runtime
estimated above is for the case above where the exposure map has a single attitude bin. The parameter
numphoton may need to be decreased to accommodate a age number of attitude bins.

Normal mode

aharfgen xrtevtfile=raytrace ahl100050020sxi p0100004b0 ptsrc_evt.fits
source ra=278.38824 source dec=-10.570683 telescop=HITOMI instrume=SXI
emapfile=ahl100050020sxi p0100004b0.expo regmode=SKY
regionfile=../../regions/region SXI 1000500123450.reg sourcetype=POINT
rmffile=ah100050020sxi p0100004b0 cl.rmf erange="0.5 12.0 0 0"
outfile=ah100050020sxi p0100004b0_ rt.arf numphoton=300000 minphoton=1
teldeffile=CALDB gefile=CALDB contamifile=CALDB onaxisffile=CALDB
onaxiscfile=CALDB mirrorfile=CALDB obstructfile=CALDB frontreffile=CALDB
backreffile=CALDB pcolreffile=CALDB scatterfile=CALDB mode=h seed=7

MZDYE

aharfgen xrtevtfile=raytrace ahl100050020sxi p0100004bl ptsrc_evt.fits
source ra=278.38824 source dec=-10.570683 telescop=HITOMI instrume=SXI
emapfile=ahl100050020sxi p0100004bl.expo regmode=SKY
regionfile=../../regions/region SXI 1000500123450.reg sourcetype=POINT
rmffile=ah100050020sxi p0100004bl cl.rmf erange="0.5 12.0 0 0"
outfile=ah100050020sxi p0100004bl rt.arf numphoton=300000 minphoton=1
teldeffile=CALDB gefile=CALDB contamifile=CALDB onaxisffile=CALDB
onaxiscfile=CALDB mirrorfile=CALDB obstructfile=CALDB frontreffile=CALDB
backreffile=CALDB pcolreffile=CALDB scatterfile=CALDB mode=h seed=7

(4) Create an efficiency map (flat field)

Normal mode

ahexpmap ehkfile=../100050020/auxil/ah100050020.ehk.gz

gtifile=ah100050020sxi p0100004b0 cl.evt instrume=SXI
badimgfile=../100050020/sxi/event uf/ah100050020sxi p0100004b0.bimg.gz
pixgtifile=../100050020/sxi/event uf/ah100050020sxi a0100004b0.fpix.gz
outfile=ah100050020sxi p0100004b0.flat outmaptype=EFFICIENCY delta=20.0
numphi=1 stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make flat ahl100050020sxi a0100004b0.log

MZDYE
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ahexpmap ehkfile=../100050020/auxil/ah100050020.ehk.gz

gtifile=ah100050020sxi p0100004bl cl.evt instrume=SXI
badimgfile=../100050020/sxi/event uf/ah100050020sxi p0100004bl.bimg.gz
pixgtifile=../100050020/sxi/event uf/ah100050020sxi a0100004bl.fpix.gz
outfile=ah100050020sxi p0100004bl.flat outmaptype=EFFICIENCY delta=20.0
numphi=1 stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make flat ahl100050020sxi a0100004bl.log

These commands produces the following images:

0012 0024 0036 0048 006 0072 0084 0096 011 0012 0024 0036 0048 006 0072 0084 0.096 0.1

Figure 8: SXI flat field images for sequence 100050020 (left: Normal, right: MZDYE).

SXS

All newly created output files in this section are placed in the /full/path/to/data/sxs_products directory
cd /full/path/

cd data/products_sxs

(1) Generate the RMF

Here we use the “medium” size option (includes Gaussian core and exponential tail to low energies).
Change whichrmf parameter to “s” for Gaussian core only, to “” to include escape peaks. The DET
coordinate region file ah100050020sxs_region_SXS_det.reg created by sxsregext is input.

sxsmkrmf infile=ahl100050020sxs pOpx1010 cl2.evt
outfile=ah100050020 sxs cl2 HP medium.rmf resolist=0 regmode=det
regionfile=ah100050020sxs_region SXS det.reg whichrmf=m

We also construct an SXS RMF using the “x-large” option which is necessary to study the spectrum
below 2 keV. The threshold is increased fron 1.0e-9 to 1.0e-6 to reduce the size of the output file.

sxsmkrmf infile=ahl100050020sxs pOpx1010 cl2.evt
outfile=ahl100050020_sxs_cl2_ HP xlarge.rmf resolist=0 regmode=det
regionfile=ah100050020sxs_region SXS det.reg whichrmf=x rmfthresh=1.0e-6
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(2) Regenerate the SXS exposure maps

Note: The exposure maps created with sxsregext are replaced using the parameters delta=20.0,
numphi=1 to assure that map includes only a single attitude bin. This accounts for the fact that the
attitude is evidently stable, but not accurately characterized by the attitude file. We also account for
the lost event gti per pixel here setting
‘pixgtifile=../100050020/ah100050020sxs_px1010 exp.gti.gz’ — this should be done if
the lost event gti are not used in the screening (as in the standard pipeline) - and may also be input
into sxsregext.

ahexpmap ehkfile=../100050020/auxil/ah100050020.ehk.gz
gtifile=ah100050020sxs pOpx1010 cl2.evt instrume=SXS badimgfile=NONE
pixgtifile=../100050020/sxs/event uf/ah100050020sxs px1010 exp.gti.gz
outfile=ah100050020sxs_ pOpx1010.expo outmaptype=EXPOSURE delta=20.0 numphi=1
stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make expo ahl00050020sxs pOpx1010.log

K) Generate the SXS ARF (~35 min)

The runtime estimated above is for the case above where the exposure map has a single attitude bin. The
parameter numphoton may need to be decreased to accommodate a age number of attitude bins.

aharfgen xrtevtfile=raytrace ahl100050020sxs_ pOpx1010.fits source ra=278.38824
source dec=-10.570683 telescop=HITOMI instrume=SXS

emapfile=ahl100050020sxs pOpx1010.expo regmode=DET
regionfile=ah100050020sxs_region_ SXS det.reg sourcetype=POINT
rmffile=ah100050020_sxs_cl2 medium.rmf erange="0.5 17.0 0 0"
outfile=ah100050020sxs_pOpx1010 rt.arf numphoton=300000 minphoton=1
teldeffile=CALDB gefile=CALDB contamifile=CALDB obffile=CALDB fwfile=CALDB
gatevalvefile=CALDB onaxisffile=CALDB onaxiscfile=CALDB mirrorfile=CALDB
obstructfile=CALDB frontreffile=CALDB backreffile=CALDB pcolreffile=CALDB
scatterfile=CALDB mode=h clobber=yes seed=7

Note that the source_ra and source_dec are taken from the region file region_SXI_100050020.reg, i.e.
an estimate of the source coordinates modulo the incorrect attitude file based on the centroid of the
image. The region file used is the one in DET coordinates created above by sxsregext.

100050050

SGD
All newly created output files in this section are placed in the /full/path/to/data/hxi_products directory

cd /full/path/
mkdir data/products_sgd
cd data/products_sgd

Since the source is close to on-axis, the CALDB on-axis response files are co-added.
All newly created output files in this section are placed in the /full/path/to/data/sgd_products directory

addrmf
$CALDB/data/hitomi/sgd/cpf/response/ah sgl ccl 20140101v00l.rsp,$CALDB/data/hit
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omi/sgd/cpf/response/ah sgl cc2 20140101v00l.rsp,$CALDB/data/hitomi/sgd/cpf/res
ponse/ah sgl cc3 20140101v00l.rsp 1.0,1.0,1.0 ah sgl ccALL 20140101v00l.rsp

or, equivalently,

sgdarfgen infile=ahl100050050sgl pOccALL dtime.pi
rspfile="$CALDB/data/hitomi/sgd/cpf/response/ah sgl ccl 20140101v00l.rsp,$CALDB
/data/hitomi/sgd/cpf/response/ah sgl cc2 20140101v00l.rsp,$CALDB/data/hitomi/sg
d/cpf/response/ah sgl cc3 20140101v001l.rsp" outfile=outrsp ra=278.38824 dec=-
10.570683 sgdid=1 ccid=0 clobber=yes

addrmf outrsp sgdl ccl.rsp,outrsp sgdl cc2.rsp,outrsp sgdl cc3.rsp 1.0,1.0,1.0
ah_sgl_ccALL 20140101v001l.rsp

100050010, 100050030, 100050030, 100050040, 100050050 COMBINED
HXI

cd /full/path/

cd data/products_hxi

(1) Merge the necessary files from each sequence

ftmerge
'../100050010/auxil/ah100050010.ehk.gz,../100050020/auxil/ah100050020.ehk.gz, ..
/100050030/auxil/ah100050030.ehk.gz,../100050040/auxil/ah100050040.ehk.gz,../10
0050050/auxil/ah100050050.ehk.gz' ahl000500ALL0.ehk

ftmerge

'../100050010/hxi/event uf/ah100050010hxl.att.gz,../100050020/hxi/event uf/ahl0
0050020hxl.att.gz,../100050030/hxi/event uf/ah100050030hxl.att.gz,../100050040/
hxi/event uf/ah100050040hxl.att.gz,../100050050/hxi/event uf/ah100050050hxl.att
.gz' ahl000500ALLOhx1l.att

ftmerge

'../100050010/hxi/event uf/ah100050010hx2.att.gz,../100050020/hxi/event uf/ahl0
0050020hx2.att.gz,../100050030/hxi/event uf/ah100050030hx2.att.gz,../100050040/
hxi/event uf/ah100050040hx2.att.gz,../100050050/hxi/event uf/ah100050050hx2.att
.gz' ahl000500ALLOhx2.att

ftmerge
'../100050010/hxi/event uf/ah100050010hx1l cms.fits.gz,../100050020/hxi/event uf
/ah100050020hx1l cms.fits.gz,../100050030/hxi/event uf/ah100050030hxl cms.fits.g
z,../100050040/hxi/event uf/ah100050040hxl cms.fits.gz,../100050050/hxi/event u
£/ah100050050hx1 cms.fits.gz' ahl000500ALLOhx1 cms.fits

ftmerge
'../100050010/hxi/event uf/ah100050010hx2 cms.fits.gz,../100050020/hxi/event uf
/ah100050020hx2 cms.fits.gz,../100050030/hxi/event uf/ah100050030hx2 cms.fits.g
z,../100050040/hxi/event uf/ah100050040hx2 cms.fits.gz,../100050050/hxi/event u
£/ah100050050hx2 cms.fits.gz' ahl000500ALLOhx2 cms.fits

The merged event GTI created above are used here.

ah1000500ALLOhx1 pOcamrec_cl.gti and ahl000500ALLOhx2 pOcamrec_cl.gti

(2) Create an exposure map for the combined HXI
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The exposure maps generated here are used in the two examples below to make both the RSP and flat field
for the HXI. Note: The exposure maps are created with the parameters delta=20.0, numphi=1 to
assure that the map includes only a single attitude bin. This accounts for the fact that the attitude is
evidently stable, but not accurately characterized by the attitude file.

HXI1

ahexpmap ehkfile=ahl000500ALL0.ehk gtifile=ahl000500ALLOhx1 pOcamrec_cl.gti
instrume=HXI1 badimgfile=NONE pixgtifile=NONE

outfile=ahl1000500ALL0hx]1 pOcamrec.expo outmaptype=EXPOSURE delta=20.0 numphi=1
stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=10.0 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make expo ahl000500all0hxl pOcamrec.log

HXI2

ahexpmap ehkfile=ahl000500ALL0.ehk gtifile=ahl000500ALLOhx2 pOcamrec_cl.gti
instrume=HXI1 badimgfile=NONE pixgtifile=NONE

outfile=ahl1000500ALL0hx2 pOcamrec.expo outmaptype=EXPOSURE delta=20.0 numphi=1
stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=10.0 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make expo ahl000500all0hx2 pOcamrec.log

(3) Create an RSP for the combined HXI

Make RSP for HXI1 and HXI2, sampling=120, point source at center of extraction region

region HXI 1000500123450.reg. In general, the source_ra and source_dec parameters should be
the coordinates of the center of the source in the image, which are not necessarily the same as the actual
source coordinates.

HXI1

aharfgen xrtevtfile=raytrace ahl000500ALLOhx1 pOcamrec.fits source ra=278.38824
source dec=-10.570683 telescop=HITOMI instrume=HXI1

emapfile=ahl000500ALL0hx]1 pOcamrec.expo dattfile=ahl000500ALLOhx1.att
regmode=SKY regionfile=../../regions/region HXI 1000500123450.reg sampling=120
sourcetype=point erange="4.0 80.0" outfile=ahl100050020hxl rt.rsp
filtoffsetfile=ahl000500ALLOhx]1 cms.fits numphoton=10000 minphoton=1
teldeffile=CALDB gefile=CALDB rmffile=CALDB onaxisffile=CALDB onaxiscfile=CALDB
mirrorfile=CALDB obstructfile=CALDB frontreffile=CALDB pcolreffile=CALDB
scatterfile=CALDB chatter=2 mode=h seed=7

logfile=make_arf_ ahl000500ALLOhx1_ pOcamrec.log

HXI2

aharfgen xrtevtfile=raytrace ahl000500ALLOhx2 pOcamrec.fits source ra=278.38824
source dec=-10.570683 telescop=HITOMI instrume=HXI2

emapfile=ahl000500ALL0hx2 pOcamrec.expo dattfile=ahl000500ALLOhx2.att
regmode=SKY regionfile=../../regions/region HXI 1000500123450.reg sampling=120
sourcetype=point erange="4.0 80.0" outfile=ahl100050020hx2 rt.rsp
filtoffsetfile=ahl000500ALLOhx2 cms.fits numphoton=10000 minphoton=1
teldeffile=CALDB gefile=CALDB rmffile=CALDB onaxisffile=CALDB onaxiscfile=CALDB
mirrorfile=CALDB obstructfile=CALDB frontreffile=CALDB pcolreffile=CALDB
scatterfile=CALDB chatter=2 mode=h seed=7

logfile=make_arf_ ahl000500ALLOhx2_ pOcamrec.log

(4) Create flat field efficiency images for each HXI
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HXI1

hxirspeffimg telescop=HITOMI instrume=HXI1

emapfile=ahl000500ALLOhx]1 pOcamrec.expo

xrtevtfile=raytrace ahl000500ALLOhx]1 pOcamrec.fits onaxisffile=CALDB
onaxiscfile=CALDB regionfile=NONE dattfile=ahl000500ALLOhxl.att stopsys=SKY
sampling=40 erange="4.0 80.0 10.0 50.0"
filtoffsetfile=ahl000500ALLOhx]1 cms.fits

outflatfile=ahl000500ALLOhx]1 flatfield.fits vigfile=CALDB outmaptype=EFFICIENCY
gefile=CALDB rmffile=CALDB chatter=2 mode=h

HXI2

hxirspeffimg telescop=HITOMI instrume=HXI2

emapfile=ahl1000500ALL0hx2 pOcamrec.expo

xrtevtfile=raytrace ahl000500ALLOhx2 pOcamrec.fits onaxisffile=CALDB
onaxiscfile=CALDB regionfile=NONE dattfile=ahl000500ALLOhx2.att stopsys=SKY
sampling=40 erange="4.0 80.0 10.0 50.0"
filtoffsetfile=ahl000500ALLOhx2 cms.fits

outflatfile=ahl000500ALLOhx2 flatfield.fits vigfile=CALDB outmaptype=EFFICIENCY
gefile=CALDB rmffile=CALDB chatter=2 mode=h

SXI

cd /full/path/

cd data/products_sxi
(1) Create an RMF for each combined spectrum

Normal mode

sxirmf infile=ahl000500ALLOsxi_p0100004b0_cl.pi
outfile=ahl1000500ALL0sxi p0100004b0 cl.rmf clobber=yes mode=hl

MZDYE

sxirmf infile=ahl000500ALLOsxi_p0100004bl_cl.pi
outfile=ahl000500ALL0sxi p0100004bl cl.rmf clobber=yes mode=hl

(2) Merge the necessary files from each sequence

ftmerge
'../100050010/auxil/ah100050010.ehk.gz,../100050020/auxil/ah100050020.ehk.gz, ..
/100050030/auxil/ah100050030.ehk.gz,../100050040/auxil/ah100050040.ehk.gz,../10
0050050/auxil/ah100050050.ehk.gz' ahl000500ALL0.ehk

Normal

ftmerge
'../100050010/sxi/event uf/ah100050010sxi a0100004b0.fpix.gz[2],../100050020/sx
i/event uf/ah100050020sxi a0100004b0.fpix.gz[2],../100050030/sxi/event uf/ahl00
050030sxi a0100004b0.fpix.gz[2],../100050040/sxi/event uf/ah100050040sxi a01000
04b0.fpix.gz[2],../100050050/sxi/event uf/ah100050050sxi a0100004b0.fpix.gz[2]"
ahl1000500ALLOsxi a0100004b0.fpix

MZDYE

ftmerge
'../100050010/sxi/event uf/ah100050010sxi a0100004bl.fpix.gz[2],../100050020/sx
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i/event uf/ah100050020sxi a0100004bl.fpix.gz[2],../100050030/sxi/event uf/ahl00
050030sxi_a0100004bl.fpix.gz[2],../100050040/sxi/event_uf/ah100050040sxi_a01000
04bl.fpix.gz[2],../100050050/sxi/event uf/ah100050050sxi a0100004bl.fpix.gz[2]"'
ahl1000500ALLOsxi a0100004bl.fpix

(3) Create an exposure map for the combined SXI
Normal mode

ahexpmap ehkfile=ahl1000500ALL0.ehk gtifile=ahl000500ALLOsxi p0100004b0 cl.evt
instrume=SXI
badimgfile=../100050020/sxi/event uf/ah100050020sxi p0100004b0.bimg.gz
pixgtifile=ahl1000500ALL0sxi a0100004b0.fpix

outfile=ahl1000500ALL0sxi p0100004b0.expo outmaptype=EXPOSURE delta=20.0
numphi=1 stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1

logfile=make expo ahl000500ALLOsxi a0100004b0.log

MZDYE

ahexpmap ehkfile=ahl000500ALL0.ehk gtifile=ahl000500ALLOsxi p0100004bl cl.evt
instrume=SXI
badimgfile=../100050020/sxi/event uf/ah100050020sxi p0100004bl.bimg.gz
pixgtifile=ahl1000500ALL0sxi a0100004bl.fpix

outfile=ahl1000500ALL0sxi p0100004bl.expo outmaptype=EXPOSURE delta=20.0
numphi=1 stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1

logfile=make expo ahl000500ALLOsxi a0100004bl.log

Note that a single bad image file is used as this is not expected to vary over the course of the observation.
This should be checked.

(4) Create an ARF for the combined SXI

Normal mode

aharfgen xrtevtfile=raytrace ahl000500ALLOsxi p0100004b0 ptsrc evt.fits
source ra=278.38824 source dec=-10.570683 telescop=HITOMI instrume=SXI
emapfile=ahl000500ALLO0sxi p0100004b0.expo regmode=SKY
regionfile=../../regions/region SXI 1000500123450.reg sourcetype=POINT
rmffile=ahl1000500ALL0sxi p0100004b0 cl.rmf erange="0.5 12.0 0 0"
outfile=ahl1000500ALL0sxi p0100004b0_ rt.arf numphoton=300000 minphoton=1
teldeffile=CALDB gefile=CALDB contamifile=CALDB onaxisffile=CALDB
onaxiscfile=CALDB mirrorfile=CALDB obstructfile=CALDB frontreffile=CALDB
backreffile=CALDB pcolreffile=CALDB scatterfile=CALDB mode=h seed=7

MZDYE

aharfgen xrtevtfile=raytrace ahl000500ALLOsxi p0100004bl ptsrc evt.fits
source ra=278.38824 source dec=-10.570683 telescop=HITOMI instrume=SXI
emapfile=ahl000500ALLO0sxi p0100004bl.expo regmode=SKY
regionfile=../../regions/region SXI 1000500123450.reg sourcetype=POINT
rmffile=ahl1000500ALL0sxi p0100004bl cl.rmf erange="0.5 12.0 0 0"
outfile=ahl1000500ALL0sxi p0100004bl rt.arf numphoton=300000 minphoton=1
teldeffile=CALDB gefile=CALDB contamifile=CALDB onaxisffile=CALDB
onaxiscfile=CALDB mirrorfile=CALDB obstructfile=CALDB frontreffile=CALDB
backreffile=CALDB pcolreffile=CALDB scatterfile=CALDB mode=h seed=7
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(5) Create an efficiency map (flat field)
Normal mode

ahexpmap ehkfile=ahl000500ALL0.ehk gtifile=ahl000500ALLOsxi p0100004b0 cl.evt
instrume=SXI
badimgfile=../100050020/sxi/event uf/ah100050020sxi p0100004b0.bimg.gz
pixgtifile=ahl1000500ALL0sxi a0100004b0.fpix

outfile=ahl1000500ALL0sxi p0100004b0.flat outmaptype=EFFICIENCY delta=20.0
numphi=1 stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1

logfile=make_flat ahl000500ALLOsxi_a0100004b0.1log

MZDYE

ahexpmap ehkfile=ahl000500ALL0.ehk gtifile=ahl000500ALLOsxi p0100004bl cl.evt
instrume=SXI
badimgfile=../100050020/sxi/event uf/ah100050020sxi p0100004bl.bimg.gz
pixgtifile=ahl1000500ALL0sxi a0100004bl.fpix

outfile=ahl000500ALL0sxi p0100004bl.flat outmaptype=EFFICIENCY delta=20.0
numphi=1 stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1

logfile=make_flat ahl000500ALLOsxi_a0100004bl.log

SXS
cd /full/path/

cd data/products_sxs
(1) Generate medium and x-large RMF for the combined event file

sxsmkrmf infile=ahl000500ALLOsxs pOpx1010 cl2.evt
outfile=ahl1000500ALL0_ sxs cl2 HP medium.rmf resolist=0 regmode=det
regionfile=ah100050020sxs_region_ SXS det.reg whichrmf=m

sxsmkrmf infile=ahl000500ALLOsxs pOpx1010 cl2.evt
outfile=ahl1000500ALL0_ sxs cl2 HP xlarge.rmf resolist=0 regmode=det
regionfile=ah100050020sxs_region SXS det.reg whichrmf=x rmfthresh=1.0e-6

(2) Merge the necessary files from each sequence

ftmerge
'../100050010/auxil/ah100050010.ehk.gz,../100050020/auxil/ah100050020.ehk.gz, ..
/100050030/auxil/ah100050030.ehk.gz,../100050040/auxil/ah100050040.ehk.gz,../10
0050050/auxil/ah100050050.ehk.gz' ahl000500ALL0.ehk

ftmerge
'../100050010/sxs/event _uf/ah100050010sxs px1010 exp.gti.gz+2,../100050020/sxs/
event uf/ah100050020sxs px1010 exp.gti.gz+2,../100050030/sxs/event uf/ah1000500
30sxs_px1010 exp.gti.gz+2,../100050040/sxs/event uf/ah100050040sxs px1010 exp.g
ti.gz+2,../100050050/sxs/event uf/ah100050050sxs px1010 exp.gti.gz+2'
ahl1000500ALLOsxs px1010 exp.gti

(3) Regenerate the SXS exposure maps for the combined SXS
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Note: The exposure maps created with sxsregext are replaced using the parameters delta=20.0,
numphi=1 to assure that map includes only a single attitude bin. This accounts for the fact that the
attitude is evidently stable, but not accurately characterized by the attitude file. We also account for
the lost event gti per pixel here setting ‘pixgtifile=ah1000500ALL0sxs px1010_ exp.gti’ —
this should be done if the lost event gti are not used in the screening (as in the standard pipeline) -
and may also be input into sxsregext.

ahexpmap ehkfile=ahl1000500ALL0.ehk gtifile=ahl000500ALLOsxs pOpx1010 cl2.evt
instrume=SXS badimgfile=NONE pixgtifile=ahl000500ALLOsxs px1010 exp.gti
outfile=ahl1000500ALL0sxs pOpx1010.expo outmaptype=EXPOSURE delta=20.0 numphi=1
stopsys=SKY instmap=CALDB gefile=CALDB contamifile=CALDB vigfile=CALDB
obffile=CALDB fwfile=CALDB gvfile=CALDB maskcalsrc=yes fwtype=DEFAULT
specmode=MONO specfile=spec.fits specform=FITS energy=1.5 evperchan=DEFAULT
abund=1 cols=0 covfac=1 clobber=yes chatter=1
logfile=make expo ahl000500ALLOsxs pOpx1010.log

(4) Create an ARF for the combined SXS

aharfgen xrtevtfile=raytrace ahl000500ALLOsxs pOpx1010.fits source ra=278.38824
source dec=-10.570683 telescop=HITOMI instrume=SXS

emapfile=ahl1000500ALL0sxs pO0px1010.expo regmode=DET
regionfile=ahl1000500ALL0sxs_ region SXS det.reg sourcetype=POINT
rmffile=ahl1000500ALL0_sxs_cl2 medium.rmf erange="0.5 17.0 0 0"
outfile=ahl000500ALL0sxs pOpx1010 rt.arf numphoton=300000 minphoton=1
teldeffile=CALDB gefile=CALDB contamifile=CALDB obffile=CALDB fwfile=CALDB
gatevalvefile=CALDB onaxisffile=CALDB onaxiscfile=CALDB mirrorfile=CALDB
obstructfile=CALDB frontreffile=CALDB backreffile=CALDB pcolreffile=CALDB
scatterfile=CALDB mode=h clobber=yes seed=7

Note that the source_ra and source_dec are taken from the region file
region_SXI_1000500123450.reg, i.e. an estimate of the source coordinates modulo the incorrect
attitude file based on the centroid of the image. The region file used is the one in DET coordinates
created above by sxsregext.

Spectral Fittting

Notes

The following XSPEC settings are used below.

For fitting;
abund wilm
Xxsect vern
statistic chi
weight chur

For plotting:

setplot rebin 10 20 (HXI, SXI)
setplot rebin 20 40 4 (SXS)

Note that on-axis HXI response (HX1 onaxis_regR3p0.rsp, HX2 onaxis regR3p0.rsp) and on-axis SXS
arf (SXS_onaxis NG17 reg35pix.arf) files are used below; however, the files produced above
(ah100050020hx1l rt.rsp, ahl100050020hx2 rt.rsp, and

ah100050020sxs_pOpx1010_ rt.arf, respectively) lead to very similar results.
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100050020

HXI

(1) Jointly fit the HXI1 and HXI2 deadtime-corrected (no background subtraction) spectra in the 5-
20 keV band with a broken power-law model, with absorption fixed at 3.0 x 10”2 cm™ using the onaxis
response files.

Spectral Data File: ahl100050020hx1l pOcamrec_dtime.pi Spectrum 1
Net count rate (cts/s) for Spectrum:1 1.383e+00 +/- 6.028e-03
Assigned to Data Group 1 and Plot Group 1
Noticed Channels: 51-199
Telescope: HITOMI Instrument: HXI1 Channel Type: PI
Exposure Time: 3.806e+04 sec
Using fit statistic: chi
Using test statistic: chi
Using Response (RMF) File HX1 onaxis regR3p0.rsp for Source 1

Spectral Data File: ahl100050020hx2 pOcamrec_dtime.pi Spectrum 2
Net count rate (cts/s) for Spectrum:2 1.379e+00 +/- 5.978e-03
Assigned to Data Group 2 and Plot Group 2
Noticed Channels: 51-199
Telescope: HITOMI Instrument: HXI2 Channel Type: PI
Exposure Time: 3.861le+04 sec
Using fit statistic: chi
Using test statistic: chi
Using Response (RMF) File HX2 onaxis regR3p0.rsp for Source 1

Model constant<1l>*TBabs<2>*bknpower<3> Source No.: 1 Active/On
Model Model Component Parameter Unit Value
par comp

Data group: 1

1 1 constant factor 1.00000 frozen

2 2 TBabs nH 10722 3.00000 frozen

3 3 bknpower PhoIndxl 1.76481 +/- 1.44354E-02

4 3 bknpower BreakE kev 12.0332 +/- 0.390721

5 3 bknpower PhoIndx2 2.27879 +/- 5.35099E-02

6 3 bknpower norm 1.73913E-02 +/- 5.18453E-04

Data group: 2

7 1 constant factor 0.966013 +/- 5.94596E-03

8 2 TBabs nH 10722 3.00000 = p2

9 3 bknpower PhoIndxl 1.76481 = p3

10 3 bknpower BreakE kev 12.0332 = p4

11 3 bknpower PhoIndx2 2.27879 = p5

12 3 bknpower norm 1.73913E-02 = pé6

Using energies from responses.
Fit statistic : Chi-Squared = 296.07 using 298 PHA bins.
Test statistic : Chi-Squared = 296.07 using 298 PHA bins.
Reduced chi-squared = 1.0105 for 293 degrees of freedom

Null hypothesis probability 4.388869%e-01

Weighting method: churazov

(2) Jointly fit the HXI1 and HXI2 background-subtracted deadtime-corrected spectra in the 5-70
keV band witha broken power-law model, with absorption fixed at 3.0 x 102 cm™ using the onaxis
response files. Note that the co-added background spectrum is used.
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Spectral Data File: ahl100050020hx1l pOcamrec_dtime.pi Spectrum 1
Net count rate (cts/s) for Spectrum:1 1.422e+00 +/- 6.634e-03 (87.8 % total)
Assigned to Data Group 1 and Plot Group 1
Noticed Channels: 51-699
Telescope: HITOMI Instrument: HXI1 Channel Type: PI
Exposure Time: 3.806e+04 sec
Using fit statistic: chi
Using test statistic: chi

Using Background File ahl1000500ALLOhx]1_pOcamrec_dtime bkg.pi
Background Exposure Time: 1.109e+05 sec
Using Response (RMF) File HX1 onaxis regR3p0.rsp for Source 1

Spectral Data File: ahl100050020hx2 pOcamrec_dtime.pi Spectrum 2
Net count rate (cts/s) for Spectrum:2 1.422e+00 +/- 6.663e-03 (86.3 % total)
Assigned to Data Group 2 and Plot Group 2
Noticed Channels: 51-699
Telescope: HITOMI Instrument: HXI2 Channel Type: PI
Exposure Time: 3.861le+04 sec
Using fit statistic: chi
Using test statistic: chi

Using Background File ahl1000500ALLOhx2 pOcamrec_dtime bkg.pi
Background Exposure Time: 1.107e+05 sec
Using Response (RMF) File HX2 onaxis regR3p0.rsp for Source 1

Model constant<1l>*TBabs<2>*bknpower<3> Source No.: 1 Active/On
Model Model Component Parameter Unit Value
par comp
Data group: 1

1 1 constant factor 1.00000 frozen

2 2 TBabs nH 10722 3.00000 frozen

3 3 bknpower PhoIndxl 1.73393 +/- 1.63073E-02
4 3 bknpower BreakE kev 10.0000 frozen

5 3 bknpower PhoIndx2 2.19538 +/- 1.54845E-02
6 3 bknpower norm 1.57132E-02 +/- 5.26501E-04

Data group: 2

7 1 constant factor 0.963340 +/- 6.16560E-03
8 2 TBabs nH 10722 3.00000 = p2

9 3 bknpower PhoIndxl 1.73393 = p3
10 3 bknpower BreakE kev 10.0000 = p4
11 3 bknpower PhoIndx2 2.19538 = p5
12 3 bknpower norm 1.57132E-02 = pé6

Using energies from responses.
Fit statistic : Chi-Squared = 1277.75 using 1298 PHA bins.
Test statistic : Chi-Squared 1277.75 using 1298 PHA bins.
Reduced chi-squared = .987442 for 1294 degrees of freedom
Null hypothesis probability 6.208242e-01

Current data and model not fit yet.
Weighting method: churazov

ol
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Figure 9: Joint fits to HXI1 (black) and HXI2 (red) spectra for G21.5-0.9 sequence 100050020 — with (left) and
without (right) local background subtraction. Very similar results are obtained using the RSP files derived in
the previous section. The 2-8 keV unabsorbed fluxes are 5.3 (5.0) x 10" erg cm™ s in the best-fit models
without (with) local background subtraction. The low energy spectrum is flatter, and the flux lower, than in
Nynka et al. 2014 (ApJ, 789, 72) and Tsujimoto et al. 2011 (A&A, 525, 25).

SXI

(1) Jointly fit the SXI dye and non-mdye spectra in the 0.8-12 keV band with a power-law model,
with absorption fixed at 3.0 x 10”2 cm™ using the AREF files created in the previous section:

Spectral Data File: ahl100050020sxi p0100004b0 cl.pi Spectrum 1
Net count rate (cts/s) for Spectrum:1 3.042e+00 +/- 1.391e-02
Assigned to Data Group 1 and Plot Group 1
Noticed Channels: 135-1999
Telescope: HITOMI Instrument: SXI Channel Type: PI
Exposure Time: 1.573e+04 sec
Using fit statistic: chi
Using test statistic: chi
Using Response (RMF) File ah100050020sxi _p0100004b0 _cl.rmf for
Source 1
Using Auxiliary Response (ARF) File ahl100050020sxi p0100004b0 rt.arf

Spectral Data File: ahl100050020sxi p0100004bl cl.pi Spectrum 2
Net count rate (cts/s) for Spectrum:2 2.078e+00 +/- 9.950e-03
Assigned to Data Group 2 and Plot Group 2
Noticed Channels: 135-1999
Telescope: HITOMI Instrument: SXI Channel Type: PI
Exposure Time: 2.099e+04 sec
Using fit statistic: chi
Using test statistic: chi
Using Response (RMF) File ah100050020sxi p0100004bl cl.rmf for
Source 1
Using Auxiliary Response (ARF) File ahl100050020sxi p0100004bl rt.arf

Model constant<1l>*TBabs<2>*powerlaw<3> Source No.: 1 Active/On
Model Model Component Parameter Unit Value
par comp

Data group: 1

1 1 constant factor 1.00000 frozen
2 2 TBabs nH 10722 3.00000 frozen
3 3 powerlaw PhoIndex 1.81271 +/- 6.16463E-03
4 3 powerlaw norm 1.96995E-02 +/- 1.79380E-04

Data group: 2
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5 1 constant factor 0.760366 +/- 5.12986E-03
6 2 TBabs nH 10722 3.00000 = p2
7 3 powerlaw PhoIndex 1.81271 = p3
8 3 powerlaw norm 1.96995E-02 = p4

Using energies from responses.

Fit statistic Chi-Squared = 3913.69 using 3730 PHA bins.
Test statistic : Chi-Squared =
Reduced chi-squared =
Null hypothesis probability =
Weighting method: churazov

PHA bins.
of freedom

3913.69 using 3730
1.05009 for 3727 degrees
1.638184e-02
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Figure 10: Joint fits to SXI Normal mode (black) and MZDYE (red) spectra for G21.5-0.9 sequence 100050020
using the RMF and ARF files derived in the previous section. The 2-8 keV unabsorbed fluxes are 5.7 (4.3) x 107"
ergem™ s in the best-fit models.

SXS

(1) SXS spectrum in the 2-12 keV band with a power-law model, with absorption fixed at 3.0 x 107
cm” using the medium RMF file, anf the ARF files created in the previous section

Spectral Data File: ahl100050010sxs pOpx1010 cl2 HP.pi Spectrum 1
Net count rate (cts/s) for Spectrum:1 7.607e-01 +/- 4.206e-03
Assigned to Data Group 1 and Plot Group 1
Noticed Channels: 4001-23999
Telescope: HITOMI Instrument:
Exposure Time: 4.48le+04 sec
Using fit statistic: chi
Using test statistic: chi
Using Response (RMF) File
Source 1
Using Auxiliary Response (ARF) File

SXS Channel Type: PI

ah100050020_sxs_cl2_HP_medium.rmf for

SXS onaxis NG17 reg35pix.arf

Model constant<1l>*TBabs<2>*powerlaw<3> Source No.: 1 Active/On

Model Model Component Parameter Unit Value
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par comp

1 1 constant factor 1.00000 frozen

2 2 TBabs nH 10722 3.00000 frozen

3 3 powerlaw PhoIndex 2.14451 +/- 1.58885E-02

4 3 powerlaw norm 3.52878E-02 +/- 9.35563E-04
Fit statistic : Chi-Squared = 19124.82 using 19999 PHA bins.

Test statistic : Chi-Squared 19124.82 using 19999 PHA bins.
Reduced chi-squared = 0.9563845 for 19997 degrees of freedom
Null hypothesis probability = 9.999951e-01

(2) SXS spectrum in the 0.6-12 keV band with a power-law model, with absorption fixed at 3.0 x 10%

em™ using the onaxis ARf file and x-large RMF file:

Spectral Data File: ahl100050020sxs pOpx1010 cl2 HP.pi Spectrum 1
Net count rate (cts/s) for Spectrum:1 7.677e-01 +/- 4.225e-03
Assigned to Data Group 1 and Plot Group 1

Noticed Channels: 1201-23999

Telescope: HITOMI Instrument: SXS Channel Type: PI

Exposure Time: 4.48le+04 sec

Using fit statistic: chi

Using test statistic: chi

Using Response (RMF) File ah100050020_sxs_cl2_HP_xlarge.rmf for
Source 1

Using Auxiliary Response (ARF) File ahl00050020sxs pOpx1010 rt.arf

Model constant<1l>*TBabs<2>*powerlaw<3> Source No.: 1 Active/On

Model Model Component Parameter Unit Value
par comp
1 1 constant factor 1.00000 frozen
2 2 TBabs nH 10722 3.00000 frozen
3 3 powerlaw PhoIndex 1.99375 +/- 1.52353E-02
4 3 powerlaw norm 2.65793E-02 +/- 6.76980E-04

Using energies from responses.

Fit statistic : Chi-Squared = 21821.54 using 22799 PHA bins.

Test statistic : Chi-Squared 21821.54 using 22799 PHA bins.
Reduced chi-squared = 0.9572108 for 22797 degrees of freedom
Null hypothesis probability = 9.999982e-01
Weighting method: churazov
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Figure 11: Fits to SXS spectra for G21.5-0.9 sequence 100050020 in the 2-12 keV band using the medium-sized
AREF file (left) and in the 0.6-12 keV band using the extra-large ARF file (right). The 2-8 keV unabsorbed fluxes

are~5.9x 10" erg em? s in the best-fit models.

JOINT FITS

1) Jointly fit the background subtracted HXI1, HXI2 spectra in the 5-70 keV band, the background
subtracted SXI non-mdye spectrum in the 0.8-12 keV band, and the SXS spectrum in the 0.6-12 keV
band with a broken power-law model, with absorption fixed at 3.0 x 10** cm™ and break energy fixed
at 10 keV. The xlarge-sized matrix is used for the SXS.

Spectral Data File: ahl100050020hx1l pOcamrec_dtime.pi Spectrum 1
Net count rate (cts/s) for Spectrum:1 1.422e+00 +/- 6.634e-03 (87.8 % total)
Assigned to Data Group 1 and Plot Group 1
Noticed Channels: 51-699
Telescope: HITOMI Instrument: HXI1 Channel Type: PI
Exposure Time: 3.806e+04 sec
Using fit statistic: chi
Using test statistic: chi

Using Background File ahl1000500ALLOhx]1_pOcamrec_dtime_ bkg.pi
Background Exposure Time: 1.109e+05 sec
Using Response (RMF) File HX1 onaxis regR3p0O.rsp for Source 1

Spectral Data File: ahl100050020hx2 pOcamrec_dtime.pi Spectrum 2
Net count rate (cts/s) for Spectrum:2 1.422e+00 +/- 6.663e-03 (86.3 % total)
Assigned to Data Group 2 and Plot Group 2
Noticed Channels: 51-699
Telescope: HITOMI Instrument: HXI2 Channel Type: PI
Exposure Time: 3.861le+04 sec
Using fit statistic: chi
Using test statistic: chi

Using Background File ahl1000500ALLOhx2 pOcamrec_dtime_ bkg.pi
Background Exposure Time: 1.107e+05 sec
Using Response (RMF) File HX2 onaxis regR3p0.rsp for Source 1

Spectral Data File: ahl100050020sxi p0100004b0 cl.pi Spectrum 3
Net count rate (cts/s) for Spectrum:3 3.033e+00 +/- 1.397e-02 (99.7 % total)
Assigned to Data Group 3 and Plot Group 3
Noticed Channels: 135-1999
Telescope: HITOMI Instrument: SXI Channel Type: PI
Exposure Time: 1.573e+04 sec
Using fit statistic: chi
Using test statistic: chi
Using Background File ahl1000500ALLOsxi p0100004b0 cl bkg.pi
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Background Exposure Time: 4.633e+04 sec

Using Response (RMF) File ah100050020sxi p0100004b0 cl.rmf for
Source 1

Using Auxiliary Response (ARF) File ahl100050020sxi p0100004b0 rt.arf

Spectral Data File: ahl00050020sxs pOpx1010 cl2 HP.pi Spectrum 4
Net count rate (cts/s) for Spectrum:4 7.677e-01 +/- 4.225e-03
Assigned to Data Group 4 and Plot Group 4

Noticed Channels: 1201-23999

Telescope: HITOMI Instrument: SXS Channel Type: PI

Exposure Time: 4.48le+04 sec

Using fit statistic: chi

Using test statistic: chi

Using Response (RMF) File ah100050020_sxs_cl2_HP_xlarge.rmf for
Source 1

Using Auxiliary Response (ARF) File ahl00050020sxs pOpx1010 rt.arf

Model constant<1l>*TBabs<2>*bknpower<3> Source No.: 1 Active/On
Model Model Component Parameter Unit Value
par comp

Data group: 1

1 1 constant factor 1.00000 frozen
2 2 TBabs nH 10722 3.00000 frozen
3 3 bknpower PhoIndx1l 1.85442 +/- 6.86659E-03
4 3 bknpower BreakE kev 10.0000 frozen
5 3 bknpower PhoIndx2 2.13947 +/- 1.38371E-02
6 3 bknpower norm 1.96702E-02 +/- 2.81696E-04
Data group: 2
7 1 constant factor 1.00000 = pl
8 2 TBabs nH 10722 3.00000 = p2
9 3 bknpower PhoIndxl 1.85442 = p3
10 3 bknpower BreakE kev 10.0000 = p4
11 3 bknpower PhoIndx2 2.13947 = p5
12 3 bknpower norm 1.96702E-02 = pé6
Data group: 3
13 1 constant factor 1.05266 +/- 8.33847E-03
14 2 TBabs nH 10722 3.00000 = p2
15 3 bknpower PhoIndxl 1.85442 = p3
16 3 bknpower BreakE kev 10.0000 = p4
17 3 bknpower PhoIndx2 2.13947 = p5
18 3 bknpower norm 1.96702E-02 = pé6
Data group: 4
19 1 constant factor 1.07325 +/- 7.61651E-03
20 2 TBabs nH 10722 3.00000 = p2
21 3 bknpower PhoIndxl 1.85442 = p3
22 3 bknpower BreakE kev 10.0000 = p4
23 3 bknpower PhoIndx2 2.13947 = p5
24 3 bknpower norm 1.96702E-02 = pé6
Using energies from responses.
Fit statistic : Chi-Squared = 25070.17 using 25962 PHA bins.
Test statistic : Chi-Squared = 25070.17 using 25962 PHA bins.
Reduced chi-squared = 0.9658345 for 25957 degrees of freedom
Null hypothesis probability = 9.999583e-01

Weighting method: churazov
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Figure 12: LEFT: Joint fits to HXI1 5-70 keV (black), HXI2 5-70 keV (red), SXI 0.8-12 keV (green) and SXS 0.6-
12 keV (blue) spectra for G21.5-0.9 sequence 100050020 -- best-fit absorbed broken power-law model (Nyz and
break energy fixed at 3.0 x 10”2 em? and 10 keV, respectively) with data-to-model ratio (left). RIGHT: Unfolded
spectrum. Local background is subtracted for the HXI and SXI, and the xlarge SXS rmf is used. The 2.0-8.0 keV
fluxes are ~5.4 x 10" erg em? s (HXI), ~5.6 x 10" erg em?s!! (SXI), and ~5.7 x 10" erg em? s (SXS).
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