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Purpose

The goal of this presentation is to help the User Community assess the 

Technical Feasibility of potential IXPE observations using basic tools for the 

purpose of responding to the IXPE Cycle 3 Call for Proposals

Top-level reference URLs:

• IXPE WebPIMMS https://ixpe.msfc.nasa.gov/for_scientists/pimms/

• HEASARC’s Viewing Tool https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/viewing/viewing.pl

• IXPE-specific FTOOLS https://heasarc.gsfc.nasa.gov/lheasoft/ftools/headas/ixpe.html

• IXPE Documentation   https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/

• IXPE Helpdesk https://heasarc.gsfc.nasa.gov/cgi-bin/Feedback?selected=ixpe

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/pimms/
https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/viewing/viewing.pl
https://heasarc.gsfc.nasa.gov/lheasoft/ftools/headas/ixpe.html
https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/
https://heasarc.gsfc.nasa.gov/cgi-bin/Feedback?selected=ixpe
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Mission Parameters

Three co-aligned telescopes:

Fit data from all three telescopes simultaneously

➢ FOV ~10’ diameter (+dither); HPD = 30”

➢ 1 Crab ~ 100 c/s per telescope (0.5-10 keV)

Photon counting: E, t, x, y plus Stokes I, Q, U
➢ Spectral, timing, imaging, plus polarization

IXPE Proposal Tools

Low Earth Orbit:

➢ 97-minute-period circular orbit

➢ ~0O inclination; Solar panels +/-34O w.r.t. Sun

➢ Targets are observable for ~70 days 2x per year

Continuous point-and-stare until exposure complete

➢ Interrupted by Earth-occultations (and SAA passages)



29

Summary of Observations

IXPE Proposal Tools

From Primary Mission start, 2022-01-11, through 2025-06-16 (3.4 years):

➢ 190 Observations (including 47 targets segmented into typically 2 or 3 segments)

➢ 261,321 sec average exposure time @ 56% efficiency (5.4-day average real elapsed time)

➢ 5,768 s minimum exposure time

➢ 2,186,674 s maximum exposure time

Why are such long exposures needed?

Minimum Detectable Polarization at 99% C.L. (MDP99):

where CS & CB are Source and Background count rates, T is 

the exposure time,  is the modulation factor, and N = CST 
is the total number of counts when CS >> CB 
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On-Line Tools: WebPIMMS

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/pimms/

Recommend reading the introduction to PIMMS

 at the MSFC IXPE url above

Standard PIMMS interface for selecting: 

• Convert From/To (e.g., Flux to IXPE count rate)

• Input (required for Flux) and Output Energy Range

• Source Model parameters (Power Law, APEC, etc.)

• Estimate Count Rate

https://ixpe.msfc.nasa.gov/for_scientists/pimms/
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On-Line Tools: WebPIMMS

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/pimms/

Converting from Flux to IXPE count rate returns the Total, 

Effective, and Modulated count rates.

Also returns the Modulation Factor and MDP99 for a 10 ks 

and for a 100 ks exposure (or, the Exposure Time needed to 

reach a given MDP99)

• MDP99 scales as (Exposure Time)-1/2

• Use a 2-8 keV energy range for MDP99 sensitivity

• Use 0.5-10 keV for Total count rate estimates

• Provides results for both Open and for Gray Filter  (use the 

gray filter for sources brighter than ~2 Crab in 0.5-10 keV)

Example output for a 1 mCrab source

(results are for 3 telescopes combined):

https://ixpe.msfc.nasa.gov/for_scientists/pimms/
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On-Line Tools: WebPIMMS

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/pimms/

Converting from Flux to IXPE count rate returns the Total, 

Effective, and Modulated count rates.

Also returns the Modulation Factor and MDP99 for a 10 ks 

and for a 100 ks exposure (or, the Exposure Time needed to 

reach a given MDP99)

• MDP99 scales as (Exposure Time)-1/2

• Use a 2-8 keV energy range for MDP99 sensitivity

• Use 0.5-10 keV for Total count rate estimates

• Provides results for both Open and for Gray Filter  (use the 

gray filter for sources brighter than ~2 Crab in 0.5-10 keV)

Example output for a 1 mCrab source

(results are for 3 telescopes combined):

https://ixpe.msfc.nasa.gov/for_scientists/pimms/
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On-Line Tools: WebPIMMS

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/pimms/

This is the simplest and most common case. The 

reported MDP99 can be used straight away. To get 

a better estimate of the total count rate, change the 

output energy range to 0.5-10 keV. 

Example 1: Bright point source with negligible background

Gamma=2.05, NH=2x1021 cm-2, F2-8=2.1x10-11 erg/s/cm2

On the 2-8 keV range (input and output)

https://ixpe.msfc.nasa.gov/for_scientists/pimms/
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On-Line Tools: WebPIMMS

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/pimms/

This is the output when PIMMS is given an input 

MDP99 (here, 3%). If you predict your source will 

deliver somewhat more than 3% polarization 

degree, then you should propose for at least this 

1.3 Ms exposure time. 

Example 1: Bright point source with negligible background

Gamma=2.05, NH=2x1021 cm-2, F2-8=2.1x10-11 erg/s/cm2

On the 2-8 keV range (input and output)

https://ixpe.msfc.nasa.gov/for_scientists/pimms/
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On-Line Tools: WebPIMMS

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/pimms/

Perform the following steps:

1. Estimate area of source region of interest, A 

(should be limited to w/in an ~5’ radius)

2. Estimate 2-8 keV flux in A and select a 

spectral model

3. Use PIMMS to determine source Effective 

count rate, CS , and modulation factor, , 

(ignore MDP99 values)

4. Estimate background rate, CB , in A:   

(A)(0.0012 cts/s/arcmin2)(Di Marco et al. 2023) 

5. Compute MDP99 from:

Example 2: Extended source with measurable background 

(same absorbed power law model as example 1)

https://ixpe.msfc.nasa.gov/for_scientists/pimms/
https://ui.adsabs.harvard.edu/abs/2023AJ....165..143D/abstract
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On-Line Tools: WebPIMMS

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/pimms/

Perform the following steps:

1. Estimate 2-8 keV flux and a spectral model for 

both components

2. Use PIMMS to determine source Effective 

count rate and modulation factor (ignore 

MDP99 values) for the polarized component

3. Use PIMMS to determine Total count rate in 

unpolarized component

4. Treat unpolarized component as a background 

and compute MDP99 as before from:

Example 3: Two-component point source; one component 

polarized

Polarized Power Law component (see Example 1):

Unpolarized APEC component (0.61 keV, solar Z, NH=2x1021 cm-2,    

F2-8=2.1x10-11 erg/s/cm2):

https://ixpe.msfc.nasa.gov/for_scientists/pimms/


37

On-Line Tools: Viewing

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/viewing/viewing.pl

Simple Input:

1. Select Mission (IXPE)

2. Select Object Name or Coordinates

Output:

1. Returns list of all observable windows start/end 

dates (year, month, day)
2. Returns results for a 2 year period beginning on 

day of query

IXPE Proposal Tools

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/viewing/viewing.pl
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On-Line Tools: Viewing

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/viewing/viewing.pl

Simple Input:

1. Select Mission (IXPE)

2. Select Object Name or Coordinates

Output:

1. Returns list of all observable windows start/end 

dates (year, month, day)
2. Returns results for a 2 year period beginning on 

day of query

IXPE Proposal Tools

If you plan to monitor a target, take the simple step to ensure you can 
observe your target at the cadence you need.

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/viewing/viewing.pl
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On-Line Tools: Viewing

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/viewing/viewing.pl

Simple Input:

1. Select Mission (IXPE)

2. Select Object Name or Coordinates

Output:

1. Returns list of all observable windows start/end 

dates (year, month, day)
2. Returns results for a 2 year period beginning on 

day of query

IXPE Proposal Tools

If you plan to monitor a target, take the simple step to ensure you can 
observe your target at the cadence you need.

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/viewing/viewing.pl
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As-Run Target List & Long Term Plan

https://ixpe.msfc.nasa.gov/for_scientists/ltp.html

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/asrun.html

https://ixpe.msfc.nasa.gov/for_scientists/ltp.html
https://ixpe.msfc.nasa.gov/for_scientists/asrun.html
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As-Run Target List & Long Term Plan

https://ixpe.msfc.nasa.gov/for_scientists/ltp.html

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/asrun.html

https://ixpe.msfc.nasa.gov/for_scientists/ltp.html
https://ixpe.msfc.nasa.gov/for_scientists/asrun.html
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As-Run Target List & Long Term Plan

https://ixpe.msfc.nasa.gov/for_scientists/ltp.html

IXPE Proposal Tools

https://ixpe.msfc.nasa.gov/for_scientists/asrun.html

Purpose of target lists is two-fold:
• Ensure your favorite source hasn’t already been observed
• Find a source similar to yours and see what was observed

See also:
• HEASARC’s IXPE Master List
https://heasarc.gsfc.nasa.gov/db-
perl/W3Browse/w3table.pl?tablehead=name=ixmaster&Action=More
+Options
• HEASARC’s IXPE-related publications list
https://heasarc.gsfc.nasa.gov/docs/heasarc/biblio/pubs/ixpe.html 

https://ixpe.msfc.nasa.gov/for_scientists/ltp.html
https://ixpe.msfc.nasa.gov/for_scientists/asrun.html
https://heasarc.gsfc.nasa.gov/db-perl/W3Browse/w3table.pl?tablehead=name%3Dixmaster&Action=More+Options
https://heasarc.gsfc.nasa.gov/db-perl/W3Browse/w3table.pl?tablehead=name%3Dixmaster&Action=More+Options
https://heasarc.gsfc.nasa.gov/db-perl/W3Browse/w3table.pl?tablehead=name%3Dixmaster&Action=More+Options
https://heasarc.gsfc.nasa.gov/docs/heasarc/biblio/pubs/ixpe.html
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New version of Quick Start guide:
https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/ixpe_quickstart.pdf

• Added examples of PIMMS usage (Section 2.3)
• Added discussion of wget usage (3)
• Added discussion of instrumental background rejection (3.2)
• Expanded discussion of XSPEC polarization models (6)
• Added example of prettier XSPEC plot  (6.1)
• Added discussion and example of ixpe_protractor.py (6.2)
• Added section on scripts ixpeproduct (python, Section 7.1) and ixpestartx (bash, 7.2)

Also re-worked the example with ixpecalcarf-generated response files and made numerous 
minor clarifications throughout.

End-User Training Materials

https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/ixpe_quickstart.pdf
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IXPE–specific Tools

ixpepolarization  computes the overall Stokes Q and U values over a user-defined sky region, 

energy range, and time interval and produces a FITS file containing Q, U, and their standard 

errors, the net polarization degree, polarization angle, modulation factor, and minimum detectable 

polarization at 99% confidence (MDP99). It also produces a ds9-compatible region file that 

indicates polarization degree and angle.

ixpepolarization infile1=_evt2_ regfile=ds9.reg pi_lo=2.0 

pi_hi=8.0 modfact1=- weight_scheme=neff outfile=outfilename

where modfact1=- is the default (indicates use the CalDB) and weight_scheme is  

UNWEIGHTED, NEFF, or SIMPLE. ixpepolarization can take up to 3 infiles (infile1, infile2, and 

infile3) and their corresponding modfact1, modfact2, and modfact3 for the 3 IXPE telescopes. 
ixpepolarization is based on the PCUBE algorithm, part of the ixpeobssim suite of applications.

IXPE Proposal Tools
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New Contributed IXPE Software:
https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/contributed.html

ixpe_protractor.py
Uses ixpepolarization (part of IXPE FTOOLs subpackage) with a user-defined region file and 
energy range to extract Stokes Position Angle and Polarization Degree for all three DUs and 
for the sum then displays in protractor (polar) plot (r,Theta) = (PD,PA) on the -90 to 90 or, 
optionally, 0 to 180 deg half-plane. Uses Level 2 event lists either direct from the archive or 
event lists that have had instrumental background removed.

IXPE–specific Tools

https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/contributed.html
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New Contributed IXPE Software:

ixpestartx
ixpestartx is a bash shell script that prepares IXPE Stokes spectra for analysis using the XSPEC 
spectral fitting package. Given an ObsID, a weighting scheme, a source extraction region file 
(in ds9 format) and optional background extraction region file, the script searches the 
current working directory and any subdirectories for IXPE Level 2 event files and associated 
attitude files corresponding to that ObsID, optionally removes identified instrumental 
background, uses the FTOOL extractor to extract the I, Q, and U spectra, uses ixpecalcarf to 
generate ancillary and modulated response files for each spectrum (using Level 1 attitude 
files and a 1-arcmin radius region for aperture corrections), and creates a command script to 
be used to initiate an XSPEC data analysis session. Allows for remote-access CALDB if 
environment variables are properly set.

IXPE–specific Tools
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New Contributed IXPE Software:

ixpeproduct
ixpeproduct is an FTOOL being developed by the IXPE Science Operations Center team. A 
beta-test version is expected to soon be available through the Contributed IXPE Software 
page. The main tasks of ixpeproduct are to extract IXPE spectra and light curves from Level 2 
event files using the FTOOL extractor given user-specified regions; execute the FTOOL 
ixpepolarization to generate a FITS file of Stokes parameters and related quantities; generate 
corrected response files using ixpecalcarf; and place all output into a user-specified product 
folder. The BACKFILE, ANCRFILE, and RESPFILE header keywords are updated in the spectral 
files as appropriate. 

IXPE–specific Tools
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IXPE Documentation

• Available at the IXPE Analysis page, includes “official” documentation on the observatory, 

software, data formats, and other useful information that is updated occasionally

https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/

IXPE Proposal Tools

https://heasarc.gsfc.nasa.gov/docs/ixpe/analysis/
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