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ABSTRACT

We present an overview of Sherpa, an open source Python project, and discuss its development his-
tory, broad design concepts and capabilities. Sherpa contains powerful tools for combining parametric
models into complex expressions that can be fit to data using a variety of statistics and optimization
methods. It is easily extensible to include user-defined models, statistics, and optimization methods.
It provides a high-level User Interface for interactive data-analysis, such as within a Jupyter notebook,
and it can also be used as a library component, providing fitting and modeling capabilities to an
application. We include a few examples of Sherpa applications to multiwavelength astronomical data.

Keywords: Astronomy software - Astronomy data modeling - Astronomy data analysis

1. INTRODUCTION

Data processing software developed by astronomical
observatories typically generates standard data products
which constitute the basis for scientific analysis. Ex-
ample data products include spectra and images, data
cubes, or for the case of high-energy astrophysics, lists
of detected photons called event lists. Generally, these
software packages focus on raw data reduction leaving
scientific inference - which requires appropriate statis-
tical methodology and theoretical understanding of the
astrophysics - to other specialized packages. While the
underlying astrophysics theory must be specific to the
nature of the observed source, the statistical method-
ology is broader. This methodology involves applying
the theory to the observations and making scientific in-
ference based of the quality and characteristics of the
data.

Sherpa is a general modeling and fitting applica-
tion with a library of models, statistics and optimiz-
ers. (Freeman et al. 2001; Refsdal et al. 2009). It was
developed by the Chandra X-ray Center (CXC) with
a focus on fitting X-ray spectra and images. It is dis-
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tributed as part of the CTAO (Chandra Interactive Anal-
ysis of Observations) software package (Fruscione et al.
2006) and as a stand-alone Python package under the
open-source GNU General Public License (Burke et al.
2024). While Sherpa was originally developed with the
specific requirements of X-ray data modeling in the Pois-
son regime, which use calibration information in forward
fitting methods, it is designed to handle more generic
data such as optical spectra or spectral energy distribu-
tions (SEDs) (e.g., Nigro et al. 2022; Tli¢ et al. 2023).
In the case of 2-D image analysis, Sherpa can incor-
porate ancillary data from background maps, exposure
maps and point spread function (PSF) images as part
of 2-D model expressions. Accounting for these fac-
tors is necessary for robust scientific inference. Sherpa
has been used for analysis of multiwavelength images,
spectra, and time series from many telescopes, includ-
ing ground-based optical telescopes (e.g., Leighly et al.
2022; Barquin-Gonzélez et al. 2024; Fan et al. 2024), the
Hubble Space Telescope (HST)(Green et al. 2023), the
Spitzer-IRS infrared telescope (Ruiz et al. 2013), Chan-
dra XMM-Newton and NuStar in X-rays, the Fermi
Space Telescope for high energy ~-rays (Aharonian et al.
2024) and H.E.S.S. for TeV data (H. E. S. S. Collab-
oration et al. 2012). It can also be used easily with
non-astronomical data (e.g., Aldcroft 2010). Sherpa is
flexible, modular and extensible. It has an IPython user
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interface and it is also an importable Python module.
Sherpa models, optimization and statistic functions are
available via both C++ and Python for software devel-
opers using such functions directly in their own code
(e.g., the recent fantasy tool for fitting optical spectra
by Ilié¢ et al. 2023).

Many of Sherpa’s users are in the X-ray commu-
nity, but its Python foundations and compatibility with
multi-wavelength data makes it an attractive and viable
option for astronomers working at other wavelengths.
Sherpa handles WCS (World Coordinate System) infor-
mation and calibration products, has the fit statistics
appropriate for both Poisson and Gaussian data, and
contains extensively tested robust optimization meth-
ods.

In the following sections we present a brief history of
the Sherpa development (Sec. 2), a quick study of it’s use
by citation numbers (Sec. 3), an overview of the design
(Sec. 4), its current capabilities with examples (Sec. 5),
Sherpa’s place in the Python ecosystem (Sec. 7), and
the open source management of the project (Sec. 8).
This paper provides an overview of the project and it is
not intended to be software documentation. The open
source code and details of the releases are available on
GitHub'. The user documentation, reference/API with
class diagrams are located on the ReadTheDocs? site.

2. A BRIEF HISTORY OF Sherpa

Sherpa has been developed over the past two decades
by the Chandra X-ray Center (CXC) (Doe et al. 1997,
1998; Freeman et al. 2001) as a complement to the Chan-
dra Interactive Analysis of Observations (CIAO) soft-
ware (Fruscione et al. 2006). The main goal was to pro-
vide Chandra users with a general fitting application
with flexibility in the selection of statistics and opti-
mization methods and capabilities for building complex
model expressions. Although, the initial focus was on
fitting X-ray data, the intent was to develop a general
application and promote a multi-wavelength analysis of
diverse datasets.

Sherpa was originally written in a combination of C,
C++ and Fortran. To adapt the user interface to the
evolving needs of the astronomical community, a ma-
jor re-write of the Sherpa software was undertaken (Doe
et al. 2006). This rewrite, initially released as a Beta
version in 2007, re-implemented Sherpa in Python with
some modules in C++ for improved speed.(Doe et al.
2007; Refsdal et al. 2009; Laurino et al. 2015, 2019).
Since 2014, Sherpa follows an open-development model

L https://github.com/sherpa/sherpa
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with the source code and all development occurring on
GitHub. It has had a total of 23 public open source
software releases to date (https://github.com/sherpa/
sherpa)(Burke et al. 2024). It is open source code li-
censed under the GNU General Public license (GPL)
version 3 . Sherpa can be downloaded as part of the
CIAO software distribution or as a Python package from
GitHub or Pypi.

3. PUBLICATIONS

A fulltext search in the Astrophysics Data System
(ADS?) returns more than 1,600 references to Sherpa be-
ing used in scientific publications. Figure 1 (top panel)
presents yearly science publications (until Dec. 2023)
that used Sherpa and indicates that the program’s us-
age has been steady with an increasing number of pub-
lications in the past 2-3 years. The bottom panel in
Figure 1 shows the increasing citations of these papers
with a total of 36,417 cited papers.

Areas of research covered by the scientific publications
are diverse. Some recent examples of Sherpa applica-
tions include:

(1) analysis of emission lines in optical spectra of an
AGN sample (Barquin-Gonzdlez et al. 2024);
(2) modeling the high resolution optical spectral lines
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Figure 1. Publications that used Sherpa (top panel) and
the citations of these papers (bottom panel) over time till
the end of 2023 (from the ADS library). The x-axis shows
years and the vertical axis shows the number of publications.
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https://github.com/sherpa/sherpa
https://sherpa.readthedocs.io/en/latest/
https://github.com/sherpa/sherpa
https://github.com/sherpa/sherpa
https://ui.adsabs.harvard.edu/

SHERPA PYTHON PACKAGE 3

from molecular clouds and synthetic spectra, in the ED-
IBLES Very Large Telescope survey (Fan et al. 2024);
(3) fitting complex models to X-ray spectra of AGN,
SNR or y-ray source classifications (Pouliasis et al. 2024;
Godinaud et al. 2024; Yang et al. 2024) together with
the Bayesian X-ray Analysis package (BAX, Buchner
et al. 2014); (4) modeling clusters of galaxies using op-
tical, radio and X-ray images of gravitationally lensed
clusters of galaxies (Beauchesne et al. 2024; Ebeling
et al. 2024);

(5) modeling y-rays and TeV spectra with the gammapy
software using Sherpa’s simplex optimization method
(Aharonian et al. 2024).

Chandra observers use Sherpa to fit low- and high
spectral resolution X-ray spectra, images, and radial
profiles. For advanced analysis tasks Sherpa can be
and has been incorporated into processing scripts and
pipelines. At the CXC Sherpa was used in data pro-
cessing to fit >1.3 million individual source detections
and performed approximately a million additional image
fitting operations to compile the Chandra Source Cat-
alog? (Evans et al. 2010, 2024). Sherpa was embedded
into Iris, a Virtual Observatory application for model-
ing spectral energy distributions (Laurino et al. 2014).
Outside the CXC, Beauchesne et al. (2024) recently in-
corporated Sherpa into a pipeline for modeling a mass
of a gravitational lens with X-rays, lens parameters and
galaxy kinematics. In this case, Sherpa was used to fit
a photoionization model to obtain a temperature map
of an X-ray cluster. In another example, Plsek et al.
(2024) fit a 2-D X-ray image of a galaxy with a smooth
2-D -model and used the 2-D-image residuals to detect
cavities to produce a training data set for the machine
learning application CaDeT.

4. DESIGN AND DOCUMENTATION

Sherpa’s design has two main components: a user in-
terface (UI) session and a Python object layer (Doe et al.
2007). This provides flexibility and allows Sherpa to
be used in Python scripts, Python and IPython shells,
Jupyter notebooks and in other applications, such as e.g.
ds9 DAX (Glotfelty et al. 2011).

The Sherpa user interface (UI) was designed more
than two decades ago to simplify user interactions on
the command line, within a Sherpa interactive session.
It was based on the standard style used by IRAF (Tody
1993) and XSPEC (Arnaud 1996) at that time. As a re-

sult, there are many command line functions that can be

4 https://cxc.cfa.harvard.edu/csc/

>>> from sherpa.models import PolynomlD
>>> from sherpa.fit import Fit

>>> from sherpa.stats import LeastSq
>>> from sherpa.optmethods import LevMar

>>> mdl = PolynomlD()

>>> mdl.c2.thaw()

>>> fit = Fit(dl, mdl, stat=LeastDq(), method=LevMar())
>>> resl = fit.fit()

>>> print(resl.format())

Sherpa UI

>>> from sherpa.ui import *

>>> load_data(1l, 'test.dat')

>>> set_source( 'polynomld.mdl')
>>> thaw(mdl.c2)

>>> set_stat('leastsq')

>>> fit()

>>> print(get_fit_results())

Figure 2. An example of Sherpa Python commands for
fitting a polynomial to 1D data array, d1, accessing Python
objects (top) or using the UI (bottom)

used directly within the session or included in command-
line scripts. This classical user interface allows CIAO
users to open a standard Sherpa session in the IPython
environment and have user-friendly access to the defined
functions for accessing data, selecting models, statistics,
and optimization methods. This interface also provides
many standard visualization options making it easy to
generate and display standard plots and images. The
session default settings can be customized to access ad-
ditional options for I/O, plotting statistics etc.

The Python object layer is designed for power users
who want to access Python modules directly, write com-
plex Python scripts which include Sherpa, or use parts
of Sherpa in their own Python package.

This bi-modal design also impacted the design of the
user documentation. Originally, the Sherpa documenta-
tion was developed within the CIAO environment. In
this system, XML files contain descriptions of Ul func-
tions and form a base for online help (ahelp) in the
CIAO-Sherpa session. The CIAO-Sherpa website doc-
umentation is based on the same XML files. and pro-
vides an extended description of concepts and examples
in form of analysis threads. The CIAO-Sherpa website
has been available to users since the early days of the
Chandra mission. Although it focuses on specific X-ray
analysis issues, it also contains information and direc-
tions for modeling and fitting astronomical data in gen-
eral.

Documentation of the Sherpa Python package is
built directly from the content included in the Sherpa
code and documentation files in the docs directory on
GitHub. The standard Python sphinx system is used
to generate Sherpa ReadTheDocs pages. The content
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Figure 3. Sherpa forward fitting. 1-D or 2-D data and
complex models are defined. The best fit parameters are
found by a classic optimization method (violet box and red
connectors) or model parameters are sampled from the pos-
terior distribution with a Bayesian MCMC sampler (green
box and connectors). The parameters with the confidence
levels and the distributions can be visualized with the plot-
ting and imaging options.

was initially derived from the CIAO-Sherpa documenta-
tion and it evolved to expand content at the code level
and improve code accessibility. More recently, several
Jupyter Notebooks have been added to provide interac-
tive examples.

5. CAPABILITIES

Figure 3 displays the main Sherpa components
with options for data, models, optimization methods,
Bayesian samplers and returned parameter distributions
which can be visualized. The details are available on the
Sherpa ReadTheDocs documentation website.

The following sections describes the main capabilities
of Sherpa.

5.1. Data

Sherpa can create, store, filter, and display data. It
distinguishes between data that is binned (such that the
value y represents an observations or model in an inter-
val of x values ranging from xlo to xhi) and data where
y is the value at point x. There are three main data

classes defined in the sherpa.data module: DatalD,
DatalDInt, and Data2D to handle respectively (x, y),
(xlo, xhi, y), and (x1, x2, y) data. Dynamic filtering
and grouping allows users to select a subset of the data
range, or group the data for model evaluation on differ-
ent grids.

The sherpa.astro.io module contains routines to
read and write FITS® (Flexible Image Transport Sys-
tem) and ASCII format data. Sherpa supports a choice
of two I/O backend packages: Astropy (Astropy Col-
laboration et al. 2022a, 2018, 2022b) and crates (in
CIAO). Standard astronomy data files, such as spectra,
images, and calibration files (e.g. ARF or RMF in the X-
ray regime; see OGIP/92-007° and CAL/GEN/92-002"
for file format definitions) are read or written using the
selected backend package.

5.1.1. Astronomical Data

The sherpa.astro.data module is tailored for as-
tronomy datasets and supports two types of data: two-
dimensional images (DatalMG) and X-ray spectra (Dat-
aPHA), along with associated calibration information
(DataARF and DataRMF). Both types of data extends
the module’s capabilities to meet the specific require-
ments of astronomical data and support the following:

- image filtering using geometric shapes (regions);

- different coordinate units for filtering images (log-
ical, physical, and WCS), depending on the available
metadata;

- different analysis units (channels, energy, and wave-
lengths) for filtering and displaying X-ray spectral files
in the PHA format

- dynamical re-binning of PHA data to improve the
signal to noise (grouping and quality).

5.2. Building Complex Models

The sherpa.models.model module allows models to
be defined and combined using allowed expressions, such
as addition, subtraction, and multiplication. The model
parameters can be linked across different models and
datasets.

The sherpa.models and sherpa.astro.models
modules contain a library of 1-D and 2-D models.
Additionally, the specialized models are provided
in sherpa.astro.optical, sherpa.astro.xspec,
sherpa.instrument, and sherpa.astro.instrument.

5 https:/ /heasarc.gsfc.nasa.gov/docs/heasarc/fits.html
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0gip-92_007/0gip-92-007.html
7 https:/ /heasarc.gsfc.nasa.gov/docs/heasarc/caldb/docs/
memos/cal_gen_92_002/cal_gen_92_002.html
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The instrument modules contain definitions of specific
calibration models, which are typically input from files
such as ARF and RMF for X-ray spectral fitting. By
default, these calibration models are convolved with the
physical models during the forward fitting of the data.

All models specific to X-ray spectra and contained in
the sherpa.astro.xspec module are provided by the
XSPEC model library (Arnaud 1996), which can be
linked to Sherpa at build time.

5.3. Simulations

Sherpa provides several methods to generate simu-
lated datasets using the numpy.random library. The
sherpa.ui.fake function generates the synthetic 1D or
2D data for a model, assuming a default Poisson distri-
bution. The sherpa.astro.ui.fake_pha function gen-
erates X-ray spectra for a given spectral model, exposure
time and the instrument response files.

The sherpa.sim module provides the Bayesian
MCMC algorithm for low counts Poisson data. It also
includes the sherpa.sim.simulate module with classes
to support simulations for the posterior predictive p-
values and likelihood ratio tests for spectral models (see
Protassov et al. 2002)

5.4. Fitting

The sherpa.fit module represents the core of
Sherpa’s fitting functionality. The Fit class combines
data and model expression to be fit and uses an opti-
mizer to minimize the selected statistics function.

Sherpa uses the forward fitting method to determine
the best-fit parameters. The statistical functions for
modeling Poisson and Gaussian data are available in
the sherpa.stats module. Several robust optimiz-
ers specifically designed for fitting non-linear models
are provided in the sherpa.optmethods module, in-
cluding Levenberg-Marquardt (Levenberg 1944; Mar-
quardt 1963), Nelder-Mead Simplex (Nelder & Mead
1965) and Monte Carlo/Differential Evolution (Storn &
Price 1997). These optimizers work by optimizing the
fit statistics function and returning the best-fit model.

Several methods are available in the
sherpa.estmethods module for computing the uncer-
tainties and confidence level for the best-fit parameters.
The confidence method computes confidence bounds
by varying a parameter along the grid and optimizing
the model for the other parameters to find the best-fit
statistics, though it can be relatively slow due to the
large number of fitting operations required. The covar
method, on the other hand, is based on the covariance
matrix and does not account for correlations between
the parameters, but is much faster.

5.5. Bayesian Analysis

Sherpa’s implementation of Bayesian analysis with
Poisson Likelihood and priors is based on the model de-
scribed in van Dyk et al. (2001) and implemented in
the pybloxcs package (Siemiginowska et al. 2011). It
uses the Metropolis or Metropolis-Hastings algorithm
in the MCMC (Markov-Chain Monte Carlo) to sample
the posterior density. The main function which runs
the MCMC is defined in sherpa.astro.ui.get_draws.
Calibration uncertainties can be incorporated into the
sampling by using the Pragmatic or Full Bayes ap-
proach, as described in Lee et al. (2011) and Xu et al.
(2014) using calibration files, such as ARF and RMF in
the X-ray case, which include uncertainties.

5.6. Visualization

Sherpa has a generic plotting abstraction and is cur-
rently released with three interfaces: (1) matplotlib
(Hunter 2007) for publication-quality static plots, (2)
bokeh for interactive plots, and (3) ds9 for visualizing
data using the interactive ds9 application (Joye & Man-
del 2003).

The sherpa.plot module defines the main plot
classes, such as plot, histogram, point, contour, and
image. It also contains many options for common dis-
play options for data, model fit and residuals, and other
pre-defined options to support, for example, confidence
contours or probability density histograms.

A separate sherpa.astro.plot module defines
classes for plotting astronomical data and includes spe-
cific options for plotting PHA data or displaying FITS
images.

6. FITTING EXAMPLES

In this section, we present some examples of Sherpa
usage.

6.1. Fitting 1D data

Sherpa can fit 1D data (simultaneously or individu-
ally), binned or unbinned, including: spectra, surface
brightness profiles, light curves and general ASCII ar-
rays. The standard PHA type files for X-ray spectra
and the associated calibration files are handled in a spe-
cial manner, as the required information is automati-
cally read from the files’ headers. Multiple data sets can
be fit simultaneously with model parameters varied in-
dependently or linked across data sets. The Sherpa doc-
umentation provides many examples of analysis threads
and usage to guide users.



Fitting absorption lines in an optical spectrum
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Figure 4. An example of fitting multiple absorption lines
to the optical spectrum. The model consisted of a poly-
nomial (polynomid) and four independent absorption lines
(opticalgaussian parameterized by the position, width and
optical depth). The top panel shows the data points (blue)
overplotted with the best fit model with the residuals shown
in the bottom panel.
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Figure 5. An optical spectrum (SDSS) fit with a model
combined with a constant model (const1d) and a set of four
Gaussian emission lines (gauss1d). The top panel shows the
data (blue points) and the model fit (orange) with a sum of
three Gaussian components overlayed with grey dashed line.
The lower panel shows the residuals.

Figure 4 illustrates a fit to an optical spectrum (a sim-
ple ASCII table). A small section of the SDSS® spec-
trum of a starburst galaxy, SDSS J151806.13+424445.0°
(z = 0.0403) is fitted assuming a constant model and
multiple Gaussian profiles for the emission lines in Fig-
ure 5. The resulting data and model spectrum displayed
the redshifted emission lines at the observed wavelength
position for NII65684, Ha 65654, NII6583A.

An example of a linear model fit to data with asym-
metric errors is shown in Figure 6. This is often the case

8 Sloan Digital Sky Survey
9 https://skyserver.sdss.org/dr18/VisualTools/quickobj
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Figure 6. Fitting luminosity vs. photon index relation for
a sample of quasars (Shaban et al. (2022)). Photon index
data have asymmetric errors. Left: The upper panel dis-
plays the photon index (blue points with asymmetric errors
for each source at a given luminosity) and the best fit lin-
ear model (orange line). The lower panel shows the residuals.
Right: Probability distribution from the bootstrap. The or-
ange lines mark the median and 1o uncertainties. The green
dotted line marks the best fit model assuming an average
measurement error given by upper and lower error.

when the data are provided as a result of the previous
analysis. In this example high redshift quasars were fit
assuming an absorbed power law model ((Shaban et al.
2022). The best fit photon index has asymmetric un-
certainties, so the lower and upper bounds have differ-
ent values. In order to evaluate a dependence of the
photon index on the X-ray luminosity for this quasars
sample a constant model was fit to the data assuming
measurement errors given by an average of upper and
lower errors (shown as orange line in Figure 6). How-
ever, a bootstrap procedure (resample_data in Sherpa),
can be used to simulated the data assuming a skewed
distribution for the measurement errors (e.g. a sum of
two Gaussians with different width set by the lower and
upper errors). The resulting median value of the photon
index and the uncertainties obtained through bootstrap
methods indicate a slight bias in fitting these data as-
suming an average errors as illustrated in the right panel
in Figure 6.

Figure 7 shows a typical use of Sherpa fitting 1D data,
in this case X-ray spectra observed with the the Neu-
tron Star Interior Composition Explorer (NICER, Gen-
dreau & Arzoumanian 2017) from the flaring K giant
HD 251108. NICER started observing the source after
a flare peak and observed for about 20 days as the flare
cooled down. In a first step all 127 spectra are fit inde-
pendently with the same model (a sum of two collision-
ally excited, optically thin plasma models from APEC
(Foster et al. 2012)). At later times, when the flare is
faint, the fit uncertainties are larger, but Sherpa fits in-
dicate that we observe the cooling of the flare plasma
over the entire range shown in Fig. 7; see Giinther et al.
(2024) for details of this dataset.

6.2. Fitting 2D data
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Figure 7. NICER observations of a large stellar flare from a K-type giant star with Sherpa fits. Left: Four selected examples
from the set of 127 spectra. Each spectrum is fitted with the same type of model (two thermal emission components), but each

fit is independent with four parameters (temperature and volume emission measure [VEM] for both components).

Color bar

shows the time of observation (see color bar on the left) and indicates the flare decay over time (black to orange). Right: Fitted
VEM (top) and temperature k7' (center) over time (k the Boltzmann constant) for the two emission components (orange and
blue). The fit quality (reduced X2) for each individual fit is shown in the bottom panel. Error bars are not shown for clearity.

Sherpa can handle 2D images and includes more than
ten spatial models. X-ray images are typically sparse
and require Poisson likelihood which is one of the avail-
able choices of the statistical method. Imaging calibra-
tion data, such as point spread function (PSF), exposure
maps, and background maps can be included in Sherpa’s
2D forward fitting.

Figure 8 shows an example of 2D fitting of the X-ray
cluster A2495 observed with Chandra (Rosignoli et al.
(2024)). The system is known for the triple offsets be-
tween the center of the intercluster medium (ISM), the
central galaxy (BCG), and the warm gas. The 2D model
for the surface brightness consisted of two beta2d model
components with the same location of the center. The
residual image in Fig. 8 shows an additional peak offset
from the center of the model indicating a presence of
offset emission.

An example of a user-defined 2-D model function fit
to the trap map of a CCD detector is displayed in Fig-
ure 9 and Figure 10. Such models are used to gather
information about the characteristics of a detector and
can be fit to the data over time for example to monitor
changes in a detector performance.

7. SHERPA AND PYTHON ECOSYSTEM

Sherpa’s place in the scientific Python ecosystem is
shown in Fig. 11. Sherpa has only a small number of
required dependencies, most importantly numpy (Harris
et al. 2020), the foundational numerical array-processing
library for all of the scientific Python stack. Sherpa also
makes use of a number of common Python packages for

infrastructure that are used for the installation, for run-
ning tests (pytest and some of its plug-ins), and for
building the documentation (sphinx). As described in
Sec. 5.6 Sherpa interfaces with visualization packages
matplotlib, bokeh and ds9 and also connects via a
plug-in into ds9’s analysis menu (Glotfelty et al. 2011).

In turn, Sherpa provides functionality for other more
specialized packages, that are used for specific astronom-
ical analysis tasks. Those packages may call on Sherpa
for example to read spectra in specific file formats, to use
the Sherpa model library and interface to XSPEC mod-
els, or to perform numerical model fitting. The most well
known packages that depend on Sherpa are: (1) gammapy
(Donath et al. 2023), a Python package for y-ray astron-
omy used as a core-library for the CTA observatory but
that also supports other high-energy facilities; (2) BXA
(Bayesian X-ray Analysis, Buchner et al. 2014) a pack-
age which connects Sherpa (or XSPEC) to a Bayesian
nested sampling algorithm; (3) naima, a package to de-
rive non-thermal particle distributions from relativistic
electron populations; (4) xija, a package used to model
complex time series data using a network of coupled
nodes (one particular application of this package is the
thermal modeling of the Chandra spacecraft).

8. PROJECT MANAGEMENT
8.1. Governance and development model

The Sherpa source code is developed on GitHub to
facilitate an open development model. Issues and bugs
are tracked and discussed publicly opening the oppor-
tunity for contributions. Individual code contributions
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are submitted as pull requests on GitHub, where their
utility is reviewed. The Sherpa project requires a mini-
mum of one approval by a core developer before a pull
request is merged into the code base. Sherpa is released
twice a year.

8.2. Collaboration with related projects

Sherpa interfaces with the XSPEC model library (Ar-
naud 1996) which provides a set of crucial astrophysical
models. Sherpa is one of the largest users of the library
outside of XSPEC. The Sherpa team often identifies is-

sues or inconsistencies and provides feedback to XSPEC
team.

The astropy.modeling sub-package, designed like
Sherpa, distinguishes data, models, statistics, and nu-
merical optimizers. However, Sherpa has a far larger
library of model functions, more advanced optimizers,
and more specialized statistics functions. In collabo-
ration with core developers from astropy, the Sherpa
team developed a package called saba'’ to make Sherpa
models, statistics, and optimizers available as plug-ins
to the astropy community.

8.3. Inclusive practices and Sustainability

Beyond the adoption of standard tools like pytest,
sphinx, pip and conda, a large fraction of the code
is covered by the test suite. This assures that a con-
tributed code change does not introduce bugs and break
Sherpa. These efforts make it easier to contribute to
Sherpa development.

Code sustainability, as demonstrated by astropy (As-
tropy Collaboration et al. 2018), requires growing the
community of contributors and increasing the size and

10 https:/ /saba.readthedocs.io/en/latest /
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impact of contributions from outside the core team.
Currently, a large fraction of Sherpa questions, bug re-
ports, and code contributions are initiated through the
CXC helpdesk, with a smaller number of such contribu-
tions via GitHub. Sherpa follows GitHub’s list of rec-
ommended community standards'' to align the project
with the best practices for the open development. Addi-
tionally, developing maintainable and well documented
code with good test coverage, and focus on timely up-
dates to Python and other dependencies are necessary
for long-term sustainability. Growing the community of
Sherpa users who become contributors, by bringing new
ideas and feature requests, will increase sustainability of
the project.

9. SUMMARY

Sherpa was designed and developed to support tradi-
tional forward fitting methodology. Recent advances in
techniques and open source software availability bring
new ideas for modeling large complex data sets, in-
cluding simulation based inference (e.g., Huppenkothen

I https://github.com/sherpa/sherpa/community

& Bachetti 2022; Barret & Dupourqué 2024) and ma-
chine learning methods (e.g., Rhea et al. 2021, 2023).
These emerging methods may be able to handle multi-
dimensional data, such as spatial-spectral-temporal data
available in modern observations (see e.g., Xu et al.
2021). Sherpa future development plans include exten-
sions to multi-dimensional data and data cubes from
IFUs (Integral Field Units) obtained by modern opti-
cal telescopes, such as, for example, James Webb Space
Telescope (JWST) and the Giant Magellan Telescope
(GMT). Sherpa flexible framework allows also for incor-
porating new emerging methods, e.g. simulation based
inference for working with complex models. We note
that Sherpa’s open source development model provides
a great way for the community contributions to bring
new ideas into this modeling framework.

Sherpa is a Python package for modeling and fitting
astronomical data. Although it has been developed for
modeling X-ray data from the beginning, it was designed
to model any type of data and it is well suited for multi-
wavelength analysis. Sherpa has a solid foundation. It
has been widely used and tested in many applications
over the past two decades. It provides robust methodol-
ogy to model general astronomical data and its flexibility
allows users to incorporate Sherpa in Python scripts or
larger data analysis pipelines.
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