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IXPE Infroduction

Imaging X-ray Polarimetry Explorer

> Project started in 2015 under the name of XxIMPOL:
> Initially not tied to any specific mission or instrument design
> Affer IXPE selection in 2017, it was renamed and progressively failored in preparation for the
new mission
> Publicly released in 2022 to support the analysis of public IXPE data and engage the broader
community in anticipation of the General Observer program

> Simulation and analysis framework:
> Based on python programming language and the associated scientific ecosystem
> Designed to produce fast and realistic simulated IXPE observations
> Complemented by a suite of post-processing applications to select, bin and analyze
simulated and real IXPE data
> Modular nature allows for the implementation of complex, polarization-aware analysis
pipelines
> Output data are:
> Event lists in FITS format, containing a strict superset of the information included in the publicly
released IXPE data products
> Fully compliant with the visualization and analysis tools commonly used by the X-ray
community (XSPEC, Sherpa, 3ML, DS9, HENDRICS).
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Architectural Overview

https://ixpeobssim.readthedocs.io/en/latest/overview

[XPE

Imaging X-ray Polarimetry Explorer
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https://ixpeobssim.readthedocs.io/en/latest/overview.html

[XPE

Imaging X-ray Polarimetry Explorer

Instrument Response Functions

https://ixpeobssim.readthedocs.io/en/latest/irf.

html

> Each of the three DUs has
its own set of IRFs:

> FITS files compliant with
the OGIP format

> Weighted and
un-weighted flavors

> Generated and stored in
a local CALDB:

> Keptin sync with the
official IXPE CALDB

> Latest IRF version released
in May 2026:

> Time-dependent,
validity time binned in
6-month interval

> User has to select the
appropriate set of IRFs
(e.g. irfname=ixpe:
obssim20260701:v13)
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https://ixpeobssim.readthedocs.io/en/latest/irf.html

IXPE Analysis Tools

Imaging X-ray Polarimetry Explorer https://ixpeobssim.readthedocs.io/en/latest/tutorial.html

> ixpeobssim is distributed with its own set of analysis tools:

> Provide an easy-fo-use interface to manipulate simulated and real IXPE data
> Full support for weighted and un-weighted types of analysis

> xpphase:

> Calculate the phase of a periodic source based on its ephemeris
> xpselect:

> Filter event lists based on energy, direction, time or phase
> xpbin:

> Bin the data using several different algorithms, producing binned events lists
> xpbinview:

> Visuadlize the binned data products
> Xxpsun

> Create in-sun and in-eclipse level2 files for solar flare subtraction (deflaring)
> xpstokesalign:

> Align the Stokes parameters to a given polarization model on an event-by-event basis
> XPXSpEC:

> Perform a spectro-polarimetric fit in XSPEC
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https://ixpeobssim.readthedocs.io/en/latest/tutorial.html

IXPE Binned Data Products: Polarization Cubes

Imaging X-ray Polarimetry Explorer

https://ixpeobssim.readthedocs.io/en/latest/binning.html

> The simplest possible data structure holding polarization information
> PCUBE algorithm of xpbin

> Table listing spatially-integrated |, Q, U, polarization degree and angle with the
associated uncertainties in multiple energy bins:

> Provided with methods to rescale and subtract the background conftribution
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https://ixpeobssim.readthedocs.io/en/latest/binning.html

IXPE Binned Data Products: Polarization Maps (Cubes)

Imaging X-ray Polarimetry Explorer https://ixpeobssim.readthedocs.io/en/latest/binning.html

> Hold the exact same information as polarization cubes, but binned in sky-coordinates
> PMAP or PMAPCUBE algorithms of xpbin

> Maps of I, Q, U, polarization degree and angle in multiple energy layers:

> Provided with methods to convolve the map with a generic binned kernel and overlay the
arrows of polarization information
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https://ixpeobssim.readthedocs.io/en/latest/binning.html

IXPE Binned Data Products: Stokes Spectra

Imaging Xcroy Polarimsry Explorer https://ixpeobssim.readthedocs.io/en/latest/binning.html

> Generalization of the standard PHA spectra:
> PHAT, PHA1Q and PHA1U algorithm of xpbin

> Main interface to spectro-polarimetric fitting in XSPEC, Sherpa and 3ML

> Lightweight python wrapper dubbed xpxspec shipped with ixpeobssim:

> Together with a few simple, multiplicative polarimetric models provided by HEASARC through
the page hosting XSPEC additional models
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https://ixpeobssim.readthedocs.io/en/latest/binning.html
https://drive.google.com/file/d/12mtwxwspobOBaVni0g_Fv69iAOnogywI/view?usp=drive_link

[XPE

Simulation and Analysis Pipeline Example

Imaging Xcroy Polarimsry Explorer Point source with background: single_point_source_bkg.ipynb

def

def

def

simulate (duration=100000, irf='ixpe:obssim20260701:v13’):
"""Run the simulation.

nun

pipeline.xpobssim(duration=duration, configfile=’toy_point_source_bkg.py’, irfname=irf)

select (src_rad=0.75, bkg_inner_rad=1.5, bkg_outer_rad=3.):

"""Select the photon lists.

win

file_list = pipeline.file_list ()

pipeline.xpselect (xfile_list, rad=src_rad, suffix='src’)

pipeline.xpselect (xfile_list, innerrad=bkg_inner_rad, rad=bkg_outer_rad, suffix=’Dbkg’)

bin_(ebinning=[2, 4, 8], irf='ixpe:obssim20260701:v13’):

"""Create the necessary binned files.

win

pipeline.xpbin (*pipeline.file_list (), algorithm=’CMAP’, irfname=irf)

kwargs = dict (algorithm='PCUBE’, ebinalg='LIST’, ebinning=ebinning, irfname=irf)

pipeline.xpbin (xpipeline.file_list (’src’), =*xkwargs)

for algorithm in [’PHAl’, ’PHA1Q’, 'PHA1U’]:
pipeline.xpbin (*pipeline.file_list (’src’), algorithm=algorithm, irfname=irf)
pipeline.xpbin (*pipeline.file_list (’bkg’), algorithm=algorithm, irfname=irf)
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https://github.com/nmik/nicer-ixpe/blob/main/IXPE/ixpeobssim_pointsource/single_point_source_bkg.ipynb

IXPE How to estimate and remove flaring background

Imaging X-ray Polarimetry Explorer Deflaring: https://ixpeobssim.readthedocs.io/en/latest/background.html

> IXPE observations are affected by solar flares when the Sun is not occulted
> Time scales of minutes-hours

> Effect can be estimated by the difference in spectrum between in-sun and in-eclipse
and subfracted to the data
> LvI2 data are split between =
in-sun and in-eclipse with xpsun
(need also IVIT and hk data)
> The split dataset is passed to .
Xxpbin to deflare the data while
binning
> Feature added in version 32.0.0
released on April 10, 2026

> Works with flight data only (not
simulation) :

> Background contribution
important for extended sources ; . ‘ s
with increased solar activity ‘ T T -

METIs] +2003e8

Rate [Hz]
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https://ixpeobssim.readthedocs.io/en/latest/background.html

IXPE Data Analysis Pipeline Example

Imaging X-ray Polarimetry Explorer Extended source with deflaring

# Run xpsun to create the insun and ineclipse fits file
xpsun.py /path/to/your/folder/where/lvll&2/files/are

# Run xpbin on the whole region with the CMAP algoritm to create the count map

xpbin.py /path/to/your/lv12/files/ixpe_det*_v0l.fits --algorith CMAP --irfname "ixpe:obssim20260701:v13" —-—
insun /path/to/your/lvl2/files/ixpe_det*_v0l_insun.fits —--ineclipse /path/to/your/lvl2/files/ixpe_detx*
_v0l_inecl.fits

# Run xpbin on the whole region with the PMAPCUBE algorithm to create the polarization map cube

xpbin.py /path/to/your/lvl2/files/ixpe_dets_v0l.fits --algorith PMAPCUBE --irfname "ixpe:obssim20260701:v13"
--ebins 2 --insun /path/to/your/lvl2/files/ixpe_det*_v0l_insun.fits --ineclipse /path/to/your/lv12/files/
ixpe_det*_v0l_inecl.fits

# Run xpbinview to show the PMAPCUBE results
xpbinview.py /path/to/your/lvl2/files/ixpe_det*_v0l_pmapcube_deflared.fits

# Run xpselect to select a subregion of the extended source
xselect.py /path/to/your/lvl2/files/ixpe_dets_v01l.fits --ra RA --dec DEC --rad RAD

# Run xpbin on this subregion with the PCUBE algoritm to create the polarization cube

xpbin.py /path/to/your/lvl2/files/ixpe_detx_v0l_select.fits --algorith PCUBE --ebins 2 --irfname "ixpe:
obssim20260701:v13" --insun /path/to/your/lvl2/files/ixpe_det*_v0l_insun.fits --ineclipse /path/to/your/
lvl2/files/ixpe_det*_v0l_inecl.fits

# Run xpbinview to show the PCUBE results
xpbinview.py /path/to/your/lvl2/files/ixpe_detx_v0l_select_pcube_deflared.fits
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IXPE References

Imaging X-ray Polarimetry Explorer

> Github webpage:
https://github.com/lucabaldini/ixpeobssim

> Soffware documentation: https://ixpeobssim.
readthedocs.io/en/latest/index.html

> Paper: https://www.sciencedirect.com/
science/article/pii/S2352711022001169

> Pip: https://pypi.org/project/ixpeobssim/
> pip install ixpeobssim

> Latest version: 33.0.0 released on May 29, 2026
> Tutorials @ NICER/IXPE workshop 2024: https:

//github.com/nmik/nicer—ixpe/tree/main

Contnt s et Scenca o
to. SoftwareX

FLSEVIER Jouma bomapage: i ssvir comocuienofc

inpeobssn: A simulation and analysis ramework forthe imagingX-ray %
polarimetry explorer

Original software publication

. Niccold Di Lalla',
. ikl ot i st Rllin,
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https://github.com/lucabaldini/ixpeobssim
https://ixpeobssim.readthedocs.io/en/latest/index.html
https://ixpeobssim.readthedocs.io/en/latest/index.html
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IXPE Conclusions

Imaging X-ray Polarimetry Explorer

> ixpeobssim was developed to support the IXPE mission by providing advanced
simulation and analysis facilities

> With the official public release of IXPE data, we decided to release the codebase
under an OSl-approved license:

> Support the community engaged in the analysis of IXPE data
> Support the simulation effort required for the General Observer program
> Encourage reuse for future X-ray polarimetry missions

> ixpeobssim is stable but still under an active development phase:

> A few releases per year (check the release notes)
> Please open a new issue on github if you find a bug or have something to propose/discuss
> Everyone is very welcome to participate and help us with the development!
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https://ixpeobssim.readthedocs.io/en/latest/release_notes.html

