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PyFstat, Release 1.18.1

This is a python package providing an interface to perform F-statistic based searches for continuous gravitational waves
(CWs), built on top of the LALSuite library.

The source repository and issue tracker for PyFstat can be found at github.com/PyFstat/PyFstat.

This page contains basic information about the PyFstat package, including installation instructions, a contributing
guide and the proper way to cite the package and the underlying scientific literature. This is equivalent to the package’s
README.md file .

See here for the full API documentation.
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CHAPTER
ONE

PYFSTAT

This is a python package providing an interface to perform F-statistic based continuous gravitational wave (CW)
searches, built on top of the LALSuite library.

Getting started:
* This README provides information on installing, contributing to and citing PyFstat.
» PyFstat usage and its API are documented at pyfstat.readthedocs.io.

e We also have a number of tutorials and examples, demonstrating different use cases. You can run them locally,
or online as jupyter notebooks with binder.

* The project wiki is mainly used for developer information.

* A changelog is also available.

1.1 Installation

PyFstat releases can be installed in a variety of ways, including *pip install* from PyPI <#pip-install-from-PyPi>"_,
conda, Docker/Singularity images, and from source releases on Zenodo. Latest development versions can also be
installed with pip or from a local git clone.

If you don’t have a recent python installation (3. 8+) on your system, then Docker or conda are the easiest paths.
In either case, be sure to also check out the notes on dependencies and citing this work.

If you run into problems with ephemerides files, check the wiki page on ephemerides installation.
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1.1.1 pip install from PyPI

PyPI releases are available from https://pypi.org/project/PyFstat/.
A simple

pip install pyfstat

should give you the latest release version with all dependencies; recent releases now also include a sufficient minimal
set of ephemerides files.

If you are not installing into a venv or conda environment (you really should!), on many systems you may need to use
the --user flag.

Note that the PyFstat installation will fail at the LALSuite dependency stage if your pip is too old (e.g. 18.1); to fix
this, do

pip install --upgrade pip setuptools

1.1.2 conda installation

See this wiki page for further instructions on installing conda itself, installing PyFstat into an existing environment, or
for .yml recipes to set up a PyFstat-specific environment both for normal users and for developers.

If getting PyFstat from conda-forge, it already includes the required ephemerides files.
1.1.3 Docker container
Ready-to-use PyFstat containers are available at the Packages page. A GitHub account together with a personal ac-

cess token is required. Go to the wiki page to learn how to pull them from the GitHub registry using Docker or
Singularity.

1.1.4 pip install from github

Development versions of PyFstat can also be easily installed by pointing pip directly to this git repository, which will
give you the latest version of the master branch:

pip install git+https://github.com/PyFstat/PyFstat

or, if you have an ssh key installed in github:

pip install git+ssh://git@github.com/PyFstat/PyFstat

This should pull in all dependencies in the same way as installing from PyPI, and recent lalsuite dependencies will
include ephemerides files too.
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https://pypi.org/project/PyFstat/
https://docs.python.org/3/library/venv.html
https://github.com/PyFstat/PyFstat/wiki/conda-environments
https://github.com/PyFstat/PyFstat/packages
https://github.com/PyFstat/PyFstat/wiki/Containers

PyFstat, Release 1.18.1

1.1.5 install PyFstat from source (Zenodo or git clone)

You can download a source release tarball from Zenodo and extract to an arbitrary temporary directory. Alternatively,
clone this repository:

git clone https://github.com/PyFstat/PyFstat.git

The module and associated scripts can be installed system wide (or to the currently active venv), assuming you are in
the (extracted or cloned) source directory, via

python setup.py install

As a developer, alternatively

python setup.py develop

or

pip install -e /path/to/PyFstat

can be useful so you can directly see any changes you make in action. Alternatively (not recommended!), add the source
directory directly to your python path.

To check that the installation was successful, run

python -c 'import pyfstat'

if no error message is output, then you have installed pyfstat. Note that the module will be installed to whichever
python executable you call it from.

This should pull in all dependencies in the same way as installing from PyPI, and recent lalsuite dependencies will
include ephemerides files too.

1.1.6 Dependencies

PyFstat uses the following external python modules, which should all be pulled in automatically if you use pip:
* corner
e dill
* lalsuite
* matplotlib
* numpy
* pathos
* ptemcee
* scipy
e tqgdm
* versioneer

For a general introduction to installing modules, see here.

1.1. Installation 5
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1.1.7 Optional dependencies

PyFstat manages optional dependencies through setuptool’s extras_require.
Auvailable sets of optional dependencies are:

e chainconsumer (Samreay/Chainconsumer): Required to run some optional plotting methods and some of the
example scripts.

e dev: Collects docs, style, test and wheel.
* docs: Required dependencies to build the documentation.

* pycuda (PyPI): Required for the tCWFstatMapVersion=pycuda option of the TransientGridSearch class.
(Note: Installing pycuda requires a working nvcc compiler in your path.)

e style: Includes the flake8 linter ([flake8.pycqa](https://flake8.pycqa.org/en/latest)), black style checker
(black.readthedocs), and isort for import ordering (pycqa.github.io). These checks are required to pass by
the online integration pipeline.

* test: For running the test suite locally using [pytest](https://docs.pytest.org) and some of its addons (python -m
pytest tests/).

* wheel: Includes wheel and check-wheel-contents.
Installation can be done by adding one or more of the aforementioned tags to the installation command.

For example, installing PyFstat including chainconsumer, pycuda and style dependencies would look like (mind
the lack of whitespaces!)

pip install pyfstat[chainconsumer,pycuda,style]

This command accepts the “development mode” tag -e.

Note that LALSuite is a default requirement, not an optional one, but its installation from PyPI can be disabled by
setting the NO_LALSUITE_FROM_PYPI environment variable, e.g. for a development install from a local git clone:

NO_LALSUITE_FROM_PYPI=1 pip install -e .

This can be useful to avoid duplication when in a conda environment or installing LALSuite from source.

1.1.8 Using LALSuite built from source

Instructions to use a custom local LALSuite installation can be found in here on the wiki.

1.2 Contributing to PyFstat

This project is open to development, please feel free to contact us for advice or just jump in and submit an issue or pull
request.

Here’s what you need to know:

* As a developer, you should install directly from a git clone, with either pip install -e .[dev] into some
environment or creating a development-enabled conda environment directly from the pyfstat-dev.yml file as
explained on this wiki page. Please also run, just once after installing:

pre-commit install
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This sets up everything for automated code quality tests (see below) to be checked for you at every commit.
The github automated tests currently run on python [3.8,3.9,3.10] and new PRs need to pass all these.
You can also run the full test suite locally via pytest tests/, or run individual tests as explained on this page.

The automated test on github also runs the black style checker, the flake8 linter, and the isort import ordering
helper.

If you have installed the dev dependencies correctly via pip or conda, and ran pre-commit install once, then
you're ready to let the pre-commit tool do all of this automatically for you every time you do git commit. For
anything that would fail on the github integration tests, it will then either automatically reformat your code to
match our style or print warnings for things to fix. The first time it will take a while for setup, later it should be
faster.

If for some reason you can’t use pre-commit, you can still manually run these tools before pushing changes /
submitting PRs: isort . tosortpackage imports, flake8 --count --statistics . tofind common coding
errors and then fix them manually, black --check --diff . toshow the required style changes, or black .
to automatically apply them.

1.3 Contributors

Maintainers:

* Greg Ashton

¢ David Keitel

Active contributors:

¢ Reinhard Prix

* Rodrigo Tenorio

Other contributors:

e Karl Wette

 Sylvia Zhu

* Dan Foreman-Mackey (pyfstat.gridcorner is based on DFM’s corner.py)

1.4 Citing this work

If you use PyFstat in a publication we would appreciate if you cite both a release DOI for the software itself (see
below) and one or more of the following scientific papers:

* The recent JOSS (Journal of Open Source Software) paper summarising the package: Keitel, Tenorio, Ashton
& Prix 2021 (inspire: 1842895 / ADS:2021arXiv210110915K).

* The original paper introducing the package and the MCMC functionality: Ashton&Prix 2018 (inspire: 1655200
/ ADS:2018PhRvD..97j3020A).

* The methods paper introducing a Bayes factor to evaluate the multi-stage follow-up: Tenorio, Keitel, Sintes 2021
(inspire: 1865975 / ADS:2021PhRvD.104h4012T)

* For transient searches: Keitel&Ashton 2018 (inspire: 1673205 / ADS:2018CQGra..35t5003K).
* For glitch-robust searches: Ashton, Prix & Jones 2018 (inspire: 1672396 / ADS:2018PhRvD..98f3011A
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If you’d additionally like to cite the PyFstat package in general, please refer to the version-independent Zenodo listing
or use directly the following BibTeX entry:

@misc{pyfstat,
author = {Ashton, Gregory and
Keitel, David and
Prix, Reinhard
and Tenorio, Rodrigo},
title = {{PyFstat}},
month = jul,
year = 2020,
publisher = {Zenodo},
doi = {10.5281/zenodo.3967045},
url = {https://doi.org/10.5281/zenodo.3967045},
note = {\url{https://doi.org/10.5281/zenodo.3967045}}
}

You can also obtain DOIs for individual versioned releases (from 1.5.x upward) from the right sidebar at Zenodo.

Alternatively, if you’ve used PyFstat up to version 1.4.x in your works, the DOISs for those versions can be found from
the sidebar at this older Zenodo record and please amend the BibTeX entry accordingly.

PyFstat uses the “ptemcee’ sampler <https://github.com/willvousden/ptemcee>"_, which can be cited as Vous-
den, Far & Mandel 2015 (ADS:2016MNRAS.455.1919V) and Foreman-Mackey, Hogg, Lang, and Goodman 2012
(2013PASP..125..306F).

PyFstat also makes generous use of functionality from the LALSuite library and it will usually be appropriate to also cite
that project (see this recommended bibtex entry) and also Wette 2020 (inspire: 1837108 / ADS:2020SoftX..1200634W)
for the C-to-python SWIG bindings.
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CHAPTER
TWO

PYFSTAT MODULE DOCUMENTATION

These pages document the full API and set of classes provided by PyFstat.

See here for installation instructions and other general information.

2.1 pyfstat package

These pages document the full API and set of classes provided by PyFstat.

See here for installation instructions and other general information.

2.1.1 Subpackages

2.1.1.1 pyfstat.utils package

A collection of helpful functions to facilitate ease-of-use of PyFstat.

Most of these are used internally by other parts of the package and are of interest mostly only for developers, but others
can also be helpful for end users.

Functions in these modules can be directly acessed via pyfstat.utils without explicitly mentioning the specific
module in where they reside. (E.g. just call pyfstat.utils.some_function, not pyfstat.utils.some_topic.
some_function.)

Submodules
pyfstat.utils.cli module

pyfstat.utils.cli.run_commandline(cl, raise_error=True, return_output=False)

Run a string command as a subprocess.
Parameters
e cl (str) — Command to run

» raise_error (bool) — If True, raise an error if the subprocess fails. If False, just log the
error, continue, and return None.

* return_output (bool) — If True, return the subprocess.CompletedProcess object. If
False, return None.
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Returns
The " subprocess.CompletedProcess of the subprocess if return_output=True. None if

return_output=False or on failed execution if raise_error=False.

Return type
out

pyfstat.utils.cli.match_commandlines(cll, ci2, be_strict_about_full_executable_path=False)
Check if two commandline strings match element-by-element, regardless of order.
Parameters
* cl1 (str) — Commandline strings of executable —keyl=vall —key2=val?2 etc format.
* cl2 (str) — Commandline strings of executable —keyl=vall —key2=val?2 etc format.

* be_strict_about_full_executable_path (bool) — If False (default), only checks the
basename of the executable. If True, requires its full path to match.

Returns
match — Whether the executable and all key=val pairs of the two strings matched.

Return type
bool

pyfstat.utils.converting module

pyfstat.utils.converting.get_dictionary_from_lines(lines, comments, raise_error)
Return a dictionary of key=val pairs for each line in a list.
Parameters
* lines (1ist of strings) - The list of lines to parse.
* comments (str or list of strings)— Characters denoting that a row is a comment.

e raise_error (bool) — If True, raise an error for lines which are not comments, but cannot
be read. Note that CFSv2 “loudest” files contain complex numbers which fill raise an error
unless this is set to False.

Returns
d — The key=val pairs as a dictionary.

Return type
dict

pyfstat.utils.converting.parse_list_of_numbers(val)
Convert a number, list of numbers or comma-separated str into a list of numbers.

This is useful e.g. for sqrtSX inputs where the user can be expected to try either type of input.

Parameters
val (float, list or str)- The input to be parsed.

Returns
out — The parsed list.

Return type
list
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pyfstat.utils.converting.gps_to_datestr_utc(gps)

Convert an integer count of GPS seconds to a UTC date-time string.

This uses the locale’s default string formatting as per datetime.strftime(). It is intended just for informing the
user and may not be as reliable in all situations as lal[apps]_tconvert. If you want to do any postprocessing of
the date-time string, for safety you should probably call that commandline tool.

Parameters
gps (int) — Integer seconds since GPS seconds.

Returns
dtstr — A string representation of date-time in UTC and locale format.

Return type
str

pyfstat.utils.ephemeris module

pyfstat.utils.ephemeris.get_ephemeris_files()
Set the ephemeris files to use for the Earth and Sun.

This looks first for a configuration file ~/.pyfstat.conf giving individual earth/sun file paths like this:

* earth_ephem = '/my/path/earth00-40-DE405.dat.gz' sun_ephem = '/my/path/
sun@0-40-DE405.dat.gz"'

If such a file is not found or does not conform to that format, then we rely on lal’s recently improved ability to find
proper default fallback paths for the [earth/sun]00-40-DE405 ephemerides with both pip- and conda-installed
packages,

Alternatively, ephemeris options can be set manually on each class instantiation.
NOTE that the SLALPULSAR_DATADIR environment variable is no longer supported!

Returns
earth_ephem, sun_ephem — Paths of the two files containing positions of Earth and Sun.

Return type
str

pyfstat.utils.formatting module

pyfstat.utils. formatting.round_to_n(x, n)
Simple rounding function for getting a fixed number of digits.

Parameters
e X (float) — The number to round.
* n (int) — The number of digits to round to (before plus after the decimal separator).

Returns
rounded — The rounded number.

Return type
float

2.1. pyfstat package 11
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pyfstat.utils. formatting.texify_float(x, d=2)

Format float numbers nicely for LaTeX output, including rounding.

Numbers with absolute values between 0.01 and 100 will be returned in plain float format, while smaller or larger
numbers will be returned in powers-of-ten notation.

Parameters
e x (float) — The number to round and format.
* n (int) — The number of digits to round to (before plus after the decimal separator).

Returns
formatted — The formatted string.

Return type
str

pyfstat.utils.formatting.get_doppler_params_output_format (keys)
Set a canonical output precision for frequency evolution parameters.

This uses the same format (%.16g) as the write_FstatCandidate_to_fp() function of the ComputeFstatistic_v2
executable.

This assigns that format to each parameter name in keys which matches a hardcoded list of known standard
‘Doppler’ parameters, and ignores any others.

Parameters
keys (dict) — The parameter keys for which to select formats.

Returns
fmt — A dictionary assigning the default format to each parameter key from the hardcoded list of
standard ‘Doppler’ parameters.

Return type
dict

pyfstat.utils.gsl module

pyfstat.utils.gsl.convert_array_to_gsl_matrix(array)
Convert a numpy array to a LAL-wrapped GSL matrix.

Parameters
array (np.ndarray) — The array to convert. array.shape must have 2 dimensions.

Returns
gsl_matrix — The LAL-wrapped GSL matrix object.

Return type
lal.gsl_matrix
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pyfstat.utils.importing module

pyfstat.utils.importing.initializer (func)

Decorator to automatically assign the parameters of a class instantiation to self.

pyfstat.utils.importing.safe_X_less_plt()

pyfstat.utils.io module

pyfstat.utils.io.read_par (filename=None, label=None, outdir=None, suffix="par', comments=['%', '#'],
raise_error=False)

Read in a .par or .loudest file, returns a dictionary of the key=val pairs.

Notes
This can also be used to read in .loudest files produced by the ComputeFstatistic_v2 executable, or any file which
has rows of key=val data (in which the val can be understood using eval(val)).
Parameters
» filename (str) — Filename (path) containing rows of key=val data to read in.
e label (str, optional) - If filename is None, form the file to read as outdir/label.suffix.
e outdir (str, optional) - If filename is None, form the file to read as outdir/label.suffix.
» suffix (str, optional) - If filename is None, form the file to read as outdir/label.suffix.

» comments (str or list of strings, optional)— Characters denoting that a row is
a comment.

e raise_error (bool, optional)-If True, raise an error for lines which are not comments,
but cannot be read.

Returns
d — The key=val pairs as a dictionary.

Return type
dict

pyfstat.utils.io.read_txt_file_with_header (f, names=True, comments='#")

Wrapper to np.genfromtxt with smarter handling of variable-length commented headers.

The header is identified as an uninterrupted block of lines from the beginning of the file, each starting with the
given comments character.

After identifying a header of length Nhead, this function then tells np.genfromtxt() to skip Nhead-1 lines (to
allow for reading field names from the last commented line before the actual data starts).

Parameters
e £ (str)— Name of the file to read.

* names (bool) — Passed on to np.genfromtxt(): If True, the field names are read from the last
header line.

» comments (str) — The character used to indicate the start of a comment. Also passed on to
np.genfromixt().
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Returns
data — The data array read from the file after skipping the header.

Return type
np.ndarray

pyfstat.utils.io.read_parameters_dict_lines_from_file_header (outfile, comments="#',
strip_spaces=True)

Load a list of pretty-printed parameters dictionary lines from a commented file header.

Returns a list of lines from a commented file header that match the pretty-printed parameters dictionary format
as generated by BaseSearchClass.get_output_file_header(). The opening/closing bracket lines ({,"}") are not
included. Newline characters at the end of each line are stripped.

Parameters
» outfile (str)— Name of a PyFstat-produced output file.
e comments (str) — Comment character used to start header lines.
» strip_spaces (bool) — Whether to strip leading/trailing spaces.

Returns
dict_lines — A list of unparsed pprinted dictionary entries.

Return type
list
pyfstat.utils.io.get_parameters_dict_from_file_header (outfile, comments="#", eval_values=False)
Load a parameters dict from a commented file header.
Returns a parameters dictionary, as generated by BaseSearchClass.get_output_file_header(), from an output file

header. Always returns a proper python dictionary, but the values will be unparsed strings if not requested
otherwise.

Parameters
» outfile (str)— Name of a PyFstat-produced output file.
e comments (str) — Comment character used to start header lines.

» eval_values (bool) — If False, return dictionary values as unparsed strings. If True, eval-
uate each of them. DANGER! Only do this if you trust the source of the file!

Returns
params_dict — A dictionary of parameters (with values either as unparsed strings, or evaluated).

Return type
dictionary

pyfstat.utils.predict module

pyfstat.utils.predict.predict_£fstat (h0=None, cosi=None, psi=None, Alpha=None, Delta=None,
FO=None, sftfilepattern=None, timestampsFiles=None,
minStartTime=None, duration=None, IFOs=None,
assumeSqrtSX=None, tempory_filename=fs.tmp’',
earth_ephem=None, sun_ephem=None,
transientWindowType="none', transientStartTime=None,
transientTau=None)

Wrapper to PredictFstat executable for predicting expected F-stat values.
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Parameters
* h® (float) — Signal parameters, see lalpulsar_PredictFstat —help for more info.
» cosi (float) — Signal parameters, see lalpulsar_PredictFstat —help for more info.

* psi (float) — Signal parameters, see lalpulsar_PredictFstat —help for more info.

Alpha (float) — Signal parameters, see lalpulsar_PredictFstat —help for more info.

Delta (float) — Signal parameters, see lalpulsar_PredictFstat —help for more info.

* F® (float or None) — Signal frequency. Only needed for noise floor estimation when
given sftfilepattern but assumeSqrtSX=None. The actual F-stat prediction is frequency-
independent.

sftfilepattern (str or None) - Pattern matching the SFT files to use for inferring de-
tectors, timestamps and/or estimating the noise floor.

timestampsFiles (str or None)- Comma-separated list of per-detector files containing
timestamps to use. Only used if sftfilepattern=None.

minStartTime (int or None) — If sftfilepattern given: used as optional constraints. If
timestampsFiles given: ignored. If neither given: used as the interval for prediction.

duration (int or None) - If sftfilepattern given: used as optional constraints. If times-
tampsFiles given: ignored. If neither given: used as the interval for prediction.

* IFOs (str or None)-Comma-separated list of detectors. Required if sftfilepattern=None,
ignored otherwise.

* assumeSqrtSX (float or str)— Assume stationary per-detector noise-floor instead of
estimating from SFTs. Single float or str value: use same for all [FOs. Comma-separated
string: must match /len(IFOs) and/or the data in sftfilepattern. Detectors will be paired to list
elements following alphabetical order. Required if sftfilepattern=None, optional otherwise..

tempory_£filename (str)— Temporary file used for PredictFstat output, will be deleted at
the end.

earth_ephem (str or None)— Ephemerides files, defaults will be used if None.
* sun_ephem (str or None)— Ephemerides files, defaults will be used if None.

* transientWindowType (str) — Optional parameter for transient signals, see lalpul-
sar_PredictFstat —help. Default of none means a classical Continuous Wave signal.

transientStartTime (int or None) — Optional parameters for transient signals, see
lalpulsar_PredictFstat —help.

* transientTau (int or None) — Optional parameters for transient signals, see lalpul-
sar_PredictFstat —help.

Returns
twoF _expected, twoF_sigma — The expectation and standard deviation of 2F.

Return type
float

pyfstat.utils.predict.get_predict_fstat_parameters_from_dict (signal_parameters,
transientWindowType=None)

Extract a subset of parameters as needed for predicting F-stats. Given a dictionary with arbitrary signal parame-
ters, this extracts only those ones required by helper_functions.predict_fstat(): Freq, Alpha, Delta, hO, cosi, psi.
Also preserves transient parameters, if included in the input dict.

Parameters
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» signal_parameters (dict) — Dictionary containing at least those signal parameters re-
quired by helper_functions.predict_fstat. This dictionary’s keys must follow the PyFstat con-
vention (e.g. FO instead of Freq).

* transientWindowType (str) - Transient window type to store in the output dict. Currently
required because the typical input dicts produced by various PyFstat functions tend not to
store this property. If there is a key with this name already, its value will be overwritten.

Returns
predict_fstat_params — The dictionary of selected parameters.

Return type
dict

pyfstat.utils.runlalsuite module

pyfstat.utils.runlalsuite.get_lal_exec(cmd)
Get a lalpulsar/lalapps executable name with the right prefix.

This is purely to allow for backwards compatibility if, for whatever reason, someone needs to run with old releases
(lalapps<9.0.0 and lalpulsar<5.0.0) from before the executables were moved.

Parameters
cmd (str) — Base executable name without lalapps/lalpulsar prefix.

Returns
full_cmd — Full executable name with the right prefix.

Return type
str

pyfstat.utils.runlalsuite.get_covering_band (tref, tstart, tend, FO, F1, F2, FOband=0.0, F1band=0.0,
F2band=0.0, maxOrbitAsini=0.0, minOrbitPeriod=0.0,
maxOrbitEcc=0.0)

Get the covering band for CW signals for given time and parameter ranges.

This uses the lalpulsar function XLALCWSignalCoveringBand(), accounting for the spin evolution of the signals
within the given [FO,F1,F2] ranges, the maximum possible Dopper modulation due to detector motion (i.e. for
the worst-case sky locations), and for worst-case binary orbital motion.

Parameters
» tref (int) — Reference time (in GPS seconds) for the signal parameters.
* tstart (int) — Start time (in GPS seconds) for the signal evolution to consider.

* tend (int) — End time (in GPS seconds) for the signal evolution to consider.

FO® (float) — Minimum frequency and spin-down of signals to be covered.

F1 (float) — Minimum frequency and spin-down of signals to be covered.

* F1 — Minimum frequency and spin-down of signals to be covered.

F®band (fIoat) — Ranges of frequency and spin-down of signals to be covered.

Flband (float) — Ranges of frequency and spin-down of signals to be covered.

* Flband - Ranges of frequency and spin-down of signals to be covered.

maxOrbitAsini (float) — Largest orbital projected semi-major axis to be covered.

minOrbitPeriod (float) — Shortest orbital period to be covered.
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» maxOrbitEcc (float) — Highest orbital eccentricity to be covered.

Returns
minCoverFreq, maxCoverFreq — Estimates of the minimum and maximum frequencies of the
signals from the given parameter ranges over the [tstart,tend] duration.

Return type
float

pyfstat.utils.runlalsuite.generate_loudest_file(max_params, tref, outdir, label, sftfilepattern,
minStartTime=None, maxStartTime=None,
transientWindowType=None, earth_ephem=None,
sun_ephem=None)

Use ComputeFstatistic_v2 executable to produce a .loudest file.

Parameters

» max_params (dict) — Dictionary of a single parameter-space point. This needs to already
have been translated to lal conventions and must NOT include detection statistic entries!

» tref (int) — Reference time of the max_params.
* outdir (str) — Directory to place the .loudest file in.
 label (str) — Search name bit to be used in the output filename.

» sftfilepattern (str) — Pattern to match SFTs using wildcards (*?) and ranges [0-9];
mutiple patterns can be given separated by colons.

e minStartTime (int or None)— GPS seconds of the start time and end time; default: use
al available data.

e maxStartTime (int or None)— GPS seconds of the start time and end time; default: use
al available data.

* transientWindowType (str or None) — optional: transient window type, needs to go
with t0 and tau parameters inside max_params.

» earth_ephem (str or None)— optional: user-set Earth ephemeris file
* sun_ephem (str or None) — optional: user-set Sun ephemeris file

Returns
loudest_file — The filename of the CFSv2 output file.

Return type
str

pyfstat.utils.sft module

pyfstat.utils.sft.get_sft_as_arrays(sftfilepattern, fMin=None, fMax=None, constraints=None)
Read binary SFT files into NumPy arrays.

Parameters

» sftfilepattern (str) — Pattern to match SFTs using wildcards (*?) and ranges [0-9];
multiple patterns can be given separated by colons.

e fMin (Optional[float]) — Restrict frequency range to [fMin, fMax]. If None, retreive the
full frequency range.
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» fMax (Optional[float]) — Restrict frequency range to [fMin, fMax]. If None, retreive the
full frequency range.

e constraints (Optional[SFTConstraints]) — Constrains to be fed into XLALSFT-
dataFind to specify detector, GPS time range or timestamps to be retrieved.

Return type
Tuple[ndarray, dict, dict]

Returns

* freqs — The frequency bins in each SFT. These will be the same for each SFT, so only a single
1D array is returned.

* times — The SFT start times as a dictionary of 1D arrays, one for each detector. Keys corre-
spond to the official detector names as returned by lalpulsar.ListIFOsInCatalog.

* data — A dictionary of 2D arrays of the complex Fourier amplitudes of the SFT data for each
detector in each frequency bin at each timestamp. Keys correspond to the official detector
names as returned by lalpulsar.ListIFOsInCatalog.

pyfstat.utils.sft.get_commandline_from_SFTDescriptor (descriptor)

Extract a commandline from the ‘comment’ entry of a SFT descriptor.

Most LALSuite SFT creation tools save their commandline into that entry, so we can extract it and reuse it to
reproduce that data.

Since lalapps 9.0.0/ lalpulsar 5.0.0 the relevant executables have been moved to lalpulsar, but we allow for lalapps
backwards compatibility here,

Parameters
descriptor (SFTDescriptor) — Element of a lalpulsar.SFTCatalog structure.

Returns
cmd — A lalapps/lalpulsar commandline string, or an empty string if no match in comment.

Return type
Str

Module contents

A collection of helpful functions to facilitate ease-of-use of PyFstat.

Most of these are used internally by other parts of the package and are of interest mostly only for developers, but others

can also be helpful for end users.

2.1.2 Submodules

2.1.3 pyfstat.core module

The core tools used in pyfstat

class pyfstat.core.BaseSearchClass(*args, **kwargs)

Bases: object
The base class providing parent methods to other PyFstat classes.

This does not actually have any ‘search’ functionality, which needs to be added by child classes along with full
initialization and any other custom methods.

18
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set_ephemeris_files (earth_ephem=None, sun_ephem=None)

Set the ephemeris files to use for the Earth and Sun.
NOTE: If not given explicit arguments, default values from utils.get_ephemeris_files() are used.
Parameters

» earth_ephem (str) — Paths of the two files containing positions of Earth and Sun, respec-
tively at evenly spaced times, as passed to CreateFstatInput

* sun_ephem (str) — Paths of the two files containing positions of Earth and Sun, respec-
tively at evenly spaced times, as passed to CreateFstatInput

pprint_init_params_dict()

Pretty-print a parameters dictionary for output file headers.

Returns
pretty_init_parameters — A list of lines to be printed, including opening/closing “{” and
“}”, consistent indentation, as well as end-of-line commas, but no comment markers at start
of lines.

Return type
list

get_output_file_header()
Constructs a meta-information header for text output files.

This will include PyFstat and LALSuite versioning, information about when/where/how the code was run,
and input parameters of the instantiated class.

Returns
header — A list of formatted header lines.

Return type
list

read_par (filename=None, label=None, outdir=None, suffix="par’, raise_error=True)
Read a key=val file and return a dictionary.
Parameters
e filename (str or None) - Filename (path) containing rows of key=val data to read in.
e label (str or None) - If filename is None, form the file to read as outdir/label.suffix.
¢ outdir (str or None) - If filename is None, form the file to read as outdir/label.suffix.
e suffix (str or None) - If filename is None, form the file to read as outdir/label.suffix.

e raise_error (bool) - If True, raise an error for lines which are not comments, but cannot
be read.

Returns
params_dict — A dictionary of the parsed key=val pairs.

Return type
dict
static translate_keys_to_lal (dictionary)

Convert input keys into lalpulsar convention.

In PyFstat’s convention, input keys (search parameter names) are FO, F1, F2, ..., while lalpulsar functions
prefer to use Freq, fldot, f2dot, ....

2.1.
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Since lalpulsar keys are only used internally to call lalpulsar routines, this function is provided so the keys
can be translated on the fly.

Parameters
dictionary (dict) — Dictionary to translate. A copy will be made (and returned) before
translation takes place.

Returns
translated_dict — Copy of “dictionary” with new keys according to lalpulsar convention.

Return type
dict

class pyfstat.core.ComputeFstat (*args, **kwargs)

Bases: BaseSearchClass
Base search class providing an interface to lalpulsar. ComputeFstat.

In most cases, users should be using one of the higher-level search classes from the grid_based_searches or
mcmc_based_searches modules instead.

See the lalpulsar documentation at https://Iscsoft.docs.ligo.org/lalsuite/lalpulsar/group___compute_fstat__h.
html and R. Prix, The F-statistic and its implementation in ComputeFstatistic_v2 ( https://dcc.ligo.org/
T0900149/public ) for details of the lalpulsar module and the meaning of various technical concepts as embodied
by some of the class’s parameters.

Normally this will read in existing data through the sftfilepattern argument, but if that option is None and the
necessary alternative arguments are used, it can also generate simulated data (including noise and/or signals) on
the fly.

NOTE that the detection statistics that can be computed from an instance of this class depend on the
BSGL, BtSG and transientWindowType arguments given at initialisation. See get_fullycoherent_detstat() and
get_transient_detstats() for details. To change what you want to compute, you may need to initialise a new
instance with different options.

NOTE for GPU users (tCWF'statMapVersion="pycuda”): This class tries to conveniently deal with GPU context
management behind the scenes. A known problematic case is if you try to instantiate it twice from the same
session/script. If you then get some messages like RuntimeError: make_default_context() and invalid device
context, that is because the GPU is still blocked from the first instance when you try to initiate the second. To
avoid this problem, use context management:

with pyfstat.ComputeFstat(
[...1,
tCWFstatMapVersion="pycuda",

) as search:
search.get_fullycoherent_detstat([...])

or manually call the search.finalizer_() method where needed.
Parameters
» tref (int) — GPS seconds of the reference time.

» sftfilepattern (str) — Pattern to match SFTs using wildcards (*?) and ranges [0-9];
mutiple patterns can be given separated by colons.

e minStartTime (int) — Only use SFTs with timestamps starting from within this
range, following the XLALCWGPSinRange convention: half-open intervals [minStart-
Time,maxStartTime].
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» maxStartTime (int) — Only use SFTs with timestamps starting from within this
range, following the XLALCWGPSinRange convention: half-open intervals [minStart-
Time,maxStartTime].

» Tsft (int) — SFT duration in seconds. Only required if sftfilepattern=None and hence si-
multed data is generated on the fly.

* binary (bool) — If true, search over binary parameters.
» singleFstats (bool) — If true, also compute the single-detector twoF values.

* BSGL (bool) - If true, compute the loglOBSGL statistic rather than the twoF value. For
details, see Keitel et al (PRD 89, 064023, 2014): https://arxiv.org/abs/1311.5738 Note this
automatically sets singleFstats=True as well. Tuning parameters are currently hardcoded:

— Fstar0=15 for coherent searches.
— A p-value of 1e-6 and correspondingly recalculated FstarQO for semicoherent searches.
— Uniform per-detector prior line-vs-Gaussian odds.

* BtSG (bool) —If true and transientWindowType is not None, compute the transient In B;g /¢
statistic from Prix, Giampanis & Messenger (PRD 84, 023007, 2011) (tCWFstatMap
marginalised over uniform t0, tau priors). rather than the maxTwoF value.

* transientWindowType (str) — If rect or exp, allow for the Fstat to be computed over a
transient range. (none instead of None explicitly calls the transient-window function, but
with the full range, for debugging.) (If not None, will also force atoms regardless of com-
puteAtoms option.)

* t®Band (int) — Search ranges for transient start-time tO and duration tau. If >0,
search t0 in (minStartTime,minStartTime+tOBand) and tau in (tauMin,2*Tsft+tauBand). If
=0, only compute the continuous-wave Fstat with tO=minStartTime, tau=maxStartTime-
minStartTime.

* tauBand (int) — Search ranges for transient start-time t0 and duration tau. If >0,
search t0 in (minStartTime,minStartTime+tOBand) and tau in (tauMin,2*Tsft+tauBand). If
=0, only compute the continuous-wave Fstat with tO=minStartTime, tau=maxStartTime-
minStartTime.

e tauMin (int) — Minimum transient duration to cover, defaults to 2*Tsft.
e dt® (int) — Grid resolution in transient start-time, defaults to Tsft.
e dtau (int) — Grid resolution in transient duration, defaults to Tsft.

» detectors (str)— Two-character references to the detectors for which to use data. Specify
None for no constraint. For multiple detectors, separate by commas.

* minCoverFreq (float) — The min and max cover frequency passed to lalpul-
sar.CreateFstatInput. For negative values, these will be used as offsets from the min/max
frequency contained in the sftfilepattern. If either is None, the search_ranges argument is
used to estimate them. If the automatic estimation fails and you do not have a good idea
what to set these two options to, setting both to -0.5 will reproduce the default behaviour of
PyFstat <=1.4 and may be a reasonably safe fallback in many cases.

* maxCoverFreq (float) — The min and max cover frequency passed to lalpul-
sar.CreateFstatInput. For negative values, these will be used as offsets from the min/max
frequency contained in the sftfilepattern. If either is None, the search_ranges argument is
used to estimate them. If the automatic estimation fails and you do not have a good idea
what to set these two options to, setting both to -0.5 will reproduce the default behaviour of
PyFstat <=1.4 and may be a reasonably safe fallback in many cases.
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» search_ranges (dict) — Dictionary of ranges in all search parameters, only used to esti-
mate frequency band passed to lalpulsar.CreateFstatInput, if minCoverFreq, maxCoverFreq
are not specified (=="None"). For actually running searches, grids/points will have to be
passed separately to the .run() method. The entry for each parameter must be a list of length
1, 2 or 3: [single_value], [min,max] or [min,max,step].

» injectSources (dict or str)- Either a dictionary of the signal parameters to inject, or
a string pointing to a .cff file defining a signal.

* injectSqrtSX (float or list or str) - Single-sided PSD values for generating fake
Gaussian noise on the fly. Single float or str value: use same for all IFOs. List or comma-
separated string: must match len(detectors) and/or the data in sftfilepattern. Detectors will
be paired to list elements following alphabetical order.

» randSeed (int or None) — random seed for on-the-fly noise generation using inject-
SqrtSX. Setting this to 0 or None is equivalent; both will randomise the seed, following
the behaviour of XLLALAddGaussianNoise(), while any number not equal to 0 will produce
a reproducible noise realisation.

e assumeSqrtSX (float or list or str) - Don’t estimate noise-floors but assume this
(stationary) single-sided PSD. Single float or str value: use same for all [FOs. List or comma-
separated string: must match len(detectors) and/or the data in sftfilepattern. Detectors will
be paired to list elements following alphabetical order. If working with signal-only data,
please set assumeSqrtSX=1 .

» SSBprec (int) — Flag to set the Solar System Barycentring (SSB) calculation in lalpulsar:
O=Newtonian, 1=relativistic, 2=relativistic optimised, 3=DMoff, 4=NO_SPIN

* RngMedWindow (int) — Running-Median window size for F-statistic noise normalization
(number of SFT bins).

* tCWFstatMapVersion (str)— Choose between implementations of the transient F-statistic
funcionality: standard lal implementation, pycuda for GPU version, and some others only
for devel/debug.

» cudaDeviceName (str) — GPU name to be matched against drv.Device output, only for
tCWFstatMap Version=pycuda.

» computeAtoms (bool) — Request calculation of ‘F-statistic atoms’ regardless of transien-
tWindowType.

» earth_ephem (str) — Earth ephemeris file path. If None, will check standard sources as
per utils.get_ephemeris_files().

* sun_ephem (str) — Sun ephemeris file path. If None, will check standard sources as per
utils.get_ephemeris_files().

¢ allowedMismatchFromSFTLength (fIoat)—Maximum allowed mismatch from SFTs be-
ing too long [Default: what’s hardcoded in XLALFstatMaximumSFTLength]

init_computefstatistic()

Initialization step for the F-stastic computation internals.

This sets up the special input and output structures the lalpulsar module needs, the ephemerides, optional
on-the-fly signal injections, and extra options for multi-detector consistency checks and transient searches.

All inputs are taken from the pre-initialized object, so this function does not have additional arguments of
its own.

estimate_min_max_CoverFreq()

Extract spanned spin-range at reference -time from the template bank.
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To use this method, self.search_ranges must be a dictionary of lists per search parameter which can be either
[single_value], [min,max] or [min,max,step].

get_fullycoherent_detstat (FO, Fl, F2, Alpha, Delta, asini=None, period=None, ecc=None, tp=None,
argp=None, tstart=None, tend=None)

Computes the detection statistic(s) fully-coherently at a single point.
Currently supported statistics:
¢ twoF (CW)
* loglOBSGL (CW or transient)
¢ maxTwoF (transient)
¢ InBtSG (transient)
All computed statistics are stored as attributes, but only one statistic is returned.

As the basic statistic of this class, twoF is always computed and stored as self.twoF as well, and it is the
default return value.

If self.singleFstats, additionally the single-detector 2F-stat values are stored in self.twoFX.
If self. BSGL, the log10BSGL statistic for CWs is additionally stored, and it is returned instead of twoF.

If transient parameters are enabled (self.transientWindowType is set), maxTwoF will always be computed
and stored, and returned by default. Depending on the self. BSGL and self. BtSG options, either log/O0BSGL
(atransient version of it, superseding the CW version) or InBtSG will also be computed, stored, and returned
instead of maxTwoF. The full transient-F-stat map is also computed here, but stored in self. FstatMap, not
returned.

Parameters
e FO (float) — Parameters at which to compute the statistic.
* F1 (float) — Parameters at which to compute the statistic.
e F2 (float) — Parameters at which to compute the statistic.
¢ Alpha (float) — Parameters at which to compute the statistic.
e Delta (float) — Parameters at which to compute the statistic.

e asini (float, optional)-Optional: Binary parameters at which to compute the statis-
tic.

e period (float, optional) — Optional: Binary parameters at which to compute the
statistic.

* ecc(float, optional)-Optional: Binary parameters at which to compute the statistic.

e tp (float, optional)— Optional: Binary parameters at which to compute the statistic.

e argp (float, optional)— Optional: Binary parameters at which to compute the statis-
tic.

e tstart (int or None) — GPS times to restrict the range of data used. If None:
falls back to self.minStartTime and self.maxStartTime. This is only passed on to
self.get_transient_detstats(), i.e. only used if self.transientWindowType is set.

e tend (int or None) — GPS times to restrict the range of data used. If None:
falls back to self.minStartTime and self.maxStartTime. This is only passed on to
self.get_transient_detstats(), i.e. only used if self.transientWindowType is set.
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Returns
stat — A single value of the main detection statistic at the input parameter values.

Return type
float

get_fullycoherent_twoF (FO, F1, F2, Alpha, Delta, asini=None, period=None, ecc=None, tp=None,
argp=None)

Computes the fully-coherent 2F statistic at a single point.

NOTE: This always uses the full data set as defined when initialising the search object. If you want to
restrict the range of data used for a single 2F computation, you need to set a self.transientWindowType and
then call self.get_fullycoherent_detstat() with tstart and tend options instead of this funcion.

Parameters
* FO (float) — Parameters at which to compute the statistic.
e F1 (float) — Parameters at which to compute the statistic.
* F2 (float) — Parameters at which to compute the statistic.
e Alpha (float) — Parameters at which to compute the statistic.
* Delta (float) — Parameters at which to compute the statistic.

e asini (float, optional)-Optional: Binary parameters at which to compute the statis-
tic.

e period (float, optional) — Optional: Binary parameters at which to compute the
statistic.

* ecc(float, optional)-Optional: Binary parameters at which to compute the statistic.
* tp (float, optional)— Optional: Binary parameters at which to compute the statistic.

e argp (float, optional)- Optional: Binary parameters at which to compute the statis-
tic.

Returns
twoF — A single value of the fully-coherent 2F statistic at the input parameter values. Also
stored as self.twoF.

Return type
float

get_fullycoherent_single_IFO_twoFs()
Computes single-detector F-stats at a single point.
This requires self.get_fullycoherent_twoF() to be run first.

Returns
twoFX — A list of the single-detector detection statistics twoF. Also stored as self.twoFX.

Return type
list

get_fullycoherent_logl®BSGL ()
Computes the line-robust statistic logl0BSGL at a single point.
This requires self.get_fullycoherent_twoF () and self.get_fullycoherent_single_IFO_twoF's() to be run first.

Returns
logl0BSGL — A single value of the detection statistic loglOBSGL at the input parameter
values. Also stored as self.log]1OBSGL.
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Return type
float

get_transient_detstats (sstart=None, tend=None)
Computes one or more transient detection statistics at a single point.
This requires self.get_fullycoherent_twoF|() to be run first.

All computed statistics will be stored as attributes of self, but only one (twoF, loglOBSGL or InBtSG) will
be the return value.

The full transient-F-stat map will also be computed here, but stored in self. FstatMap, not returned.

Parameters

e tstart (int or None)- GPS times to restrict the range of data used. If None: falls back
to self.minStartTime and self.maxStartTime.

e tend (int or None)— GPS times to restrict the range of data used. If None: falls back
to self.minStartTime and self.maxStartTime.

Returns

detstat — A single value of the main chosen detection statistic (maxTwoF, loglOBSGL or
InBtSG) at the input parameter values.

Return type
float

get_transient_maxTwoFstat (tstart=None, tend=None)

Computes the transient maxTwoF statistic at a single point.

This requires self.get_fullycoherent_twoF() to be run first, and is itself now only a backwards compatibility
/ convenience wrapper around the more general get_transient_detstats().

The full transient-F-stat map will also be computed here, but stored in self. FstatMap, not returned.

Parameters

e tstart (int or None)-— GPS times to restrict the range of data used. If None: falls back
to self.minStartTime and self.maxStartTime.

e tend (int or None)— GPS times to restrict the range of data used. If None: falls back
to self. minStartTime and self.maxStartTime.
Returns
maxTwoF — A single value of the detection statistic at the input parameter values. Also stored
as self.maxTwoF.

Return type
float

get_transient_logl®BSGL()

Computes a transient detection statistic loglOBSGL at a single point.

This should normally be called through ger_transient_detstats(), but if called stand-alone, it requires
self.get_transient_maxTwoFstat() to be run first.

The single-detector 2F-stat values used for that computation (at the index of maxTwoF) are saved in
self.twoFXatMaxTwoF, not returned.

Returns

loglOBSGL - A single value of the detection statistic loglOBSGL at the input parameter
values. Also stored as self.loglOBSGL.
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Return type
float

calculate_twoF_cumulative (FO0, Fi, F2, Alpha, Delta, asini=None, period=None, ecc=None, tp=None,

argp=None, tstart=None, tend=None, transient_tstart=None,
transient_duration=None, num_segments=1000)

Calculate the cumulative twoF over subsets of the observation span.

This means that we consider sub-“segments” of the [tstart,tend] interval, each starting at the overall tstart
and with increasing durations, and compute the 2F for each of these, which for a true CW signal should

increase roughly with duration towards the full value.

Parameters

FO (float) — Parameters at which to compute the cumulative twoF.
F1 (float) — Parameters at which to compute the cumulative twoF.
F2 (float) — Parameters at which to compute the cumulative twoF.
Alpha (fIloat) — Parameters at which to compute the cumulative twoF.
Delta (float) — Parameters at which to compute the cumulative twoF.

asini (float, optional) — Optional: Binary parameters at which to compute the cu-
mulative 2F.

period (float, optional)- Optional: Binary parameters at which to compute the cu-
mulative 2F.

ecc (float, optional)— Optional: Binary parameters at which to compute the cumu-
lative 2F.

tp (float, optional)— Optional: Binary parameters at which to compute the cumula-
tive 2F.

argp (float, optional)- Optional: Binary parameters at which to compute the cumu-
lative 2F.

tstart (int or None)-— GPS times to restrict the range of data used. If None: falls back
to self. minStartTime and self.maxStartTime;. If outside those: auto-truncated.

tend (int or None) — GPS times to restrict the range of data used. If None: falls back
to self.minStartTime and self.maxStartTime;. If outside those: auto-truncated.

num_segments (int) — Number of segments to split [tstart,tend] into.

transient_tstart (float or None)- These are not actually used by this function, but
just included so a parameters dict can be safely passed.

transient_duration (float or None)— These are not actually used by this function,
but just included so a parameters dict can be safely passed.

Returns

predict_twoF_

cumulative_durations (ndarray of shape (num_segments,)) — Offsets of each segment’s
tend from the overall tstart.

twoFs (ndarray of shape (num_segments,)) — Values of twoF computed over
[[tstart,tstart+duration] for duration in cumulative_durations].

cumulative (FO0, Alpha, Delta, h0, cosi, psi, tstart=None, tend=None, num_segments=10,
**predict_fstat_kwargs)
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Calculate expected 2F, with uncertainty, over subsets of the observation span.

This yields the expected behaviour that calculate_twoF_cumulative() can be compared against: 2F for CW
signals increases with duration as we take longer and longer subsets of the total observation span.

Parameters
* FO (float) — Parameters at which to compute the cumulative predicted twoF.
e Alpha (float) — Parameters at which to compute the cumulative predicted twoF.
e Delta (float) — Parameters at which to compute the cumulative predicted twoF.
¢ hO (float) — Parameters at which to compute the cumulative predicted twoF.
¢ cosi (float) — Parameters at which to compute the cumulative predicted twoF.
e psi (float) — Parameters at which to compute the cumulative predicted twoF.

e tstart (int or None)-— GPS times to restrict the range of data used. If None: falls back
to self. minStartTime and self.maxStartTime. If outside those: auto-truncated.

e tend (int or None)— GPS times to restrict the range of data used. If None: falls back
to self.minStartTime and self.maxStartTime. If outside those: auto-truncated.

e num_segments (int) — Number of segments to split [tstart,tend] into.

e predict_fstat_kwargs — Other kwargs to be passed to utils.predict_fstat().
Returns

e tstart (inf) — GPS start time of the observation span.

» cumulative_durations (ndarray of shape (num_segments,)) — Offsets of each segment’s
tend from the overall tstart.

o pfs (ndarray of size (num_segments,)) — Predicted 2F for each segment.
 pfs_sigma (ndarray of size (num_segments,)) — Standard deviations of predicted 2F.

plot_twoF_cumulative (CFS_input, PFS_input=None, tstart=None, tend=None,
num_segments_CFS=1000, num_segments_PFS=10, custom_ax_kwargs=None,
savefig=False, label=None, outdir=None, **PFS_kwargs)

Plot how 2F accumulates over time.

This compares the accumulation on the actual data set (‘CFS’, from self.calculate_twoF_cumulative())
against (optionally) the average expectation (‘PFS’, from self.predict_twoF_cumulative()).

Parameters

e CFS_input (dict) — Input arguments for self.calculate_twoF_cumulative() (besides
[tstart, tend, num_segments]).

e PFS_input (dict) — Input arguments for self.predict_twoF_cumulative() (besides [tstart,
tend, num_segments]). If None: do not calculate predicted 2F.

e tstart (int or None)-— GPS times to restrict the range of data used. If None: falls back
to self. minStartTime and self.maxStartTime. If outside those: auto-truncated.

e tend (int or None)— GPS times to restrict the range of data used. If None: falls back
to self.minStartTime and self.maxStartTime. If outside those: auto-truncated.

* num_segments_(CFS|PFS) (int) — Number of time segments to (compute|predict) twoF.

* custom_ax_kwargs (dict) — Optional axis formatting options.
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» savefig (bool) — If true, save the figure in outdir. If false, return an axis object without
saving to disk.

 label (str)— Output filename will be constructed by appending _twoFcumulative.png to
this label. (Ignored unless savefig=true.)

e outdir (str) — Output folder (ignored unless savefig=true).

e PFS_kwargs (dict) — Other kwargs to be passed to self.predict_twoF_cumulative().

Returns

ax — The axes object containing the plot.

Return type

matplotlib.axes._subplots_AxesSubplot, optional

write_atoms_to_file(fnamebase="")

Save F-statistic atoms (time-dependent quantities) for a given parameter-space point.

Parameters

fnamebase (str) - Basis for output filename, full name will be {fname-
base}_Fstatatoms_{dopplerName}.dat where dopplerName is a canonical lalpulsar
formatting of the ‘Doppler’ parameter space point (frequency-evolution parameters).

class pyfstat.core.SemiCoherentSearch(*args, **kwargs)

Bases: ComputeFstat

A simple semi-coherent search class.

This will split the data set into multiple segments, run a coherent F-stat search over each, and produce 