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Data analysis from subatomic physics experiments tends to be a complex endeavor, in particular
due to the many systematic checks that this entails. A large number of parameters and combi-
nations thereof, e.g. selection criteria, fitting ranges, bin sizes, background models, etc must be
considered. As an aid in this endeavor, I have developed Sprout, a Subatomic Physics ROOT-
based Utility Toolkit, in parallel to my own data analysis within the HADES experiment. Sprout
is an experiment-agnostic C++ software library that aims to streamline data analysis using the
ROOT framework. Its primary objective is to assist users in maintaining concise, manageable,
and modular code by automating repetitive or cumbersome aspects of the analysis workflow. Cur-
rently, Sprout offers helper classes for handling ROOT histograms, managing analysis parameters,
implementing selection cuts and extracting signal yields. Continued development of Sprout is
ongoing to incorporate additional features and improvements.
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1. Introduction

Sprout is a C++ software package that aims to streamline data analysis using Cern’s ROOT frame-
work [1]. I have developed Sprout alongside an ongoing data analysis project with PANDA@HADES
[2] in an effort to simplify some of the cumbersome aspects of this process. One such source of
frustration, and the seed of what later became Sprout, came from managing the many histograms
produced throughout an analysis. Such a trivial yet essential part quickly grows to occupy many
lines of code, which is not only tedious to write but also reduces the ease of keeping a manageable
and easy-to-navigate code base.

Sprout was initiated as a way to ease this particular source of frustration and has since grown
to accommodate several more encountered along the way. In its current state, Sprout not only
contains tools to manage large numbers of histograms but also offers its user the ability to easily
fit and extract signal yields from all of these by just a few lines of code. Besides this, the package
also offers a way to alter and keep track of the many different input parameters one may wish to
investigate throughout an analysis. Finally, the most recent addition to Sprout includes a way to
execute event selection criteria for background reduction while automatically producing plots for
quality assurance. This helps the user to detect and minimize potential systematic errors stemming
from such processes.

Sprout has been developed as an experiment-agnostic solution to be used in combination with
ROOT, which is also its only dependence. It has been developed and tested for comparability with
C++17 as well as ROOT version 6.24 and later. The package along with documentation and user
guides are publicly available on GitHub 1.

2. Sprout in the analysis workflow

To showcase the usage of Sprout, this section will traverse the general stages of data analysis in
hadron and high-energy physics. The final goal of such an endeavor is usually to extract some
physics of interest, e.g. the cross section of a certain reaction channel. The bulk work for the
analyst, however, tends to revolve around accurately identifying events of interest from the final-
state particles leaving signals in the detectors. The analysis process can be divided into three stages
described in the following sections: Section 2.1 describes a preselection stage where the full data
set is traversed to discard any events that are not relevant for the analysis. Section 2.2 treats the
event reconstruction stage, where the event tree is partly or fully reconstructed to gain information
of short-lived particles and verify the event as a channel of interest. Finally, Section 2.3 describes
the final analysis stage, where we estimate parameters of physical meaning from the selected data.

2.1 Preselection

During beam time, a large amount of data is collected - most of which constitutes background
rather than events of interest for the analyst. Therefore, one of the first tasks is usually to implement
some rough filters to discard data events that are very unlikely to be useful, e.g. those containing
an incorrect set of final state particles. Therefore, already at this first step, there may be several
parameters to keep track of. This could include various input and output file names, trigger settings,

1Access information and download Sprout at https://github.com/malle-b/Sprout.git
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corrections applied to data or minimum-bias selection cuts. In addition, the number of criteria
placed on the data often increases as the analysis goes on. As a consequence, the analysis is faced
with the difficulty of going back and forth in the code to alter parameters between runs. At best,
this approach becomes time-consuming by necessitating that the code is recompiled between runs
and at worst, increases the risk of introducing human errors.
SproutParam, one of the classes included in the Sprout package, offers an alternative to this

approach. It allows the user to store frequently altered parameters by name and value in a separate
.txt-file by providing all functionality necessary for the user to access these values from within
their code, simply by specifying the corresponding parameter name. This way, the user can keep
track of all parameters across their code base from a single file and easily alter their values without
necessitating recompilation. SproutParam also offers flexibility in the type of parameter the user
wishes to store as the value can represent a number, e.g. for some invariant mass window, or a piece
of text, e.g. the name of an input file. Also, regardless of the number of parameters stored within
this file, the time required to access a given value remains constant on average as SproutParam
utilizes the C++ standard library std::unordered_map for storage [3].

2.2 Event Reconstruction

A significant part of the effort in data analysis stems from reconstructing the event-tree based on the
final-state particles. There are several sources of background one must consider when assessing the
likelihood that a certain recorded data event stems from the reaction of interest. The background can
consist of misidentified particles, secondary particles from interactions with the detector material,
particles from other reactions with similar event topology or incorrect combinatorics.

A common method to suppress this sort of background is to identify suitable variables and
perform a selection cut. The location of this cut would then be placed in a region where one expects
some separation between signal and background events. However, finding the precise cut value
often involves some optimization procedure as to maximize the signal yield with regards to the
remaining background. This kind of optimization is often performed on simulated data where it is
known wether or not a certain event belongs to the signal by evaluating some figure of merit, e.g.
the significance 𝑆/

√
𝑆 + 𝐵, over many different cut positions [4]. It is therefore important to verify

the agreement between data and simulation, meaning that the analyst ought to perform such a check
for each cut variable. To aid the user in this process, SproutCut not only offers features to create
and perform selection cuts but also automatically produces plots for quality assurance.

Even after implementing several selection criteria, there may yet be a significant number of
background events present in the remaining data sample. Therefore, a common step in an analysis
constitutes fitting models of signal and background distributions to the data with the purpose of
extracting the signal yield. In some cases, it may be necessary to repeat this task many times over,
e.g. in order to extract the signal yield over different kinematic regions.

Performing a larger number of fits quickly becomes encumbering. Firstly, when fitting some
model to data the user must provide reasonable start parameters, e.g. values for the mean and
standard deviation of a normal distribution, to avoid failure of the fit. Secondly, each fit may require
a unique model to accurately describe the data, which puts effort onto the analyst who must then
identify a large number of suitable models and then write the implementation of these fits into their
code. Finally, each fit requires visual inspection by the user to ensure that the model accurately
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describes the data. The functionalities provided by SproutFit eases this effort by significantly
reducing the amount of code that the user must implement to perform a large number of fits. Here,
the models to be fitted onto the respective signal and background distributions are configured by
the user in a separate .txt-file. Afterwards, the fitted parameters are written to that same .txt-file
and used as start parameters if the fitting procedure is run again - a feature inspired by R. Lalik’s
software package HelloFitty 2. If a fit has failed to converge, the user can then easily modify
the model or its start parameters in the .txt-file, without having to alter and recompile their code.
If not specified, suitable start parameters are automatically found for each of the fits. Similarly to
SproutCut, SproutFit also automatically generates plots for quality assurance and calculates the
signal yield along with its uncertainty.

2.3 Measurement

Once the data has been distilled to the point that the event tree can be reconstructed with sufficient
purity, the physics of interest may finally be extracted by means of e.g. parameter estimation or
hypothesis tests. At this stage, however, special care ought to be spent on investigating potential
sources of systematic errors introduced through the process of background reduction as selection
cuts may have a direct impact on the measurement. One way to investigate this is then to vary the
selection cut around its nominal value and observe if, or how, the measurement changes as a result.
A method of handling such potential sources of systematic errors has been presented by Barlow in
Ref. [5], in which a consistency check is suggested based on the uncorrelated uncertainty between
two data sets where one is a subset of the other, e.g. when going from a large invariant mass window
to a smaller one. Ideally, one expects the extracted result to be independent of the cut value but
differences between simulated and real data can nevertheless result in deviations. These deviations
are considered significant if they are larger than two units of uncorrelated uncertainty and if so,
the effect ought to be eliminated. Only if this proves impossible should the source of the deviation
be cited as a systematic uncertainty to the measurement. This kind of investigation can become
a tedious task as multiple selection cuts may have been implemented, each of which ought to be
investigated through consistency checks. As mentioned in Ref. [5], successful checks benefit from
visual inspection of the extracted parameter in relation to the varied cut values. To aid in detecting
these kinds of systematic errors, coming developments to SproutCut will add functionalities to
perform consistency checks and automatically generate plots for quality assurance.

3. Class Description

Sprout consists of five different classes: SproutPlot, SproutParam, SproutFit, SproutCut
and SproutTree. The first four have been developed to directly aid the user in specific areas of
data analysis whereas the latter can be considered a helper class and will not be mentioned further
in this proceeding. In this section, some of the functionalities of these classes will be outlined.

3.1 SproutPlot

SproutPlot, the first addition to what later became Sprout, provides a toolkit to manage the many
histograms produced throughout an analysis. This class works as a wrapper around ROOT’s TH1F

2Publicly available at https://github.com/rlalik/HelloFitty
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and TH2F histogram classes, providing the ability to create and keep a collection of these objects.
The user can access and alter individual histograms as usual, but by keeping an internal collection,
SproutPlot can offer several useful functions to perform the same operations to all histograms at
once. For example, there are functions available to simultaneously set style options for all stored
TH1F or TH2F objects such as line color, marker style, plot texts and draw options. There are
also several functions available for writing all histograms to .root-files, an example of which is
illustrated below, or to directly save them as .png-images.

1 SproutPlot myPlots;

2 // create and fill histograms

3 TFile myFile("myFile.root", "recreate");

4 myFile.cd()

5 myPlots.writeHist(); // Writes all contained histograms to the open file

3.2 SproutParam

The idea of SproutParam is to provide the user with a simple way of storing various input
parameters for their analysis code in a separate .txt-file. SproutParam then parses this file, where
each row is expected to contain a parameter name followed by its value, and stores the result into an
internal hash map. This ensures that the search time to retrieve the value of a parameter given its
name is, on average, constant in time regardless of how many parameters are stored. The values are
automatically stored as either a std::string, float or int depending on the format, giving the
user flexibility in storing both numbers and text. If a line in the input file starts with a "#", this is
ignored by the SproutParam parser function, which enables the user to leave notes as comments.
An example SproutParam input file storing file names, the state of some trigger setting and the
width of an invariant mass window can be seen below.

1 # Paths and file names

2 data_file_list /path/to/data_list.txt

3 output_file my_output.root

4

5 # Parameters

6 use_trigger1 yes

7 inv_mass_window_sigma 3

3.3 SproutFit

SproutFit is a tool developed to fit user specified signal and background distributions to all TH1F
histograms contained in a SproutPlot, as illustrated in the code example below. The models used
to describe these distributions are specified by the user in a separate .txt-file along with the desired
fit ranges and any optionally provided start parameters. The path name of this file is then provided
to the SproutFit constructor, where it is then parsed in order to prepare the fit functions. After
the fitting has been performed, the input file is overwritten to contain the fitted parameters, which
are obtained through the method of least squares. As each fit is performed, SproutFit produces a
quality assurance plot displaying the original histogram along with the fitted background and signal
functions, the fit ranges as well as the resulting 𝜒2 parameters. SproutFit also contains functions
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to retrieve the covariance matrices of the signal and background fits, as well as the computed
signal yield along with its uncertainty. Details about the fitting procedure and, in particular the
identification of suitable start parameters, can be found in the class documentation.

1 SproutPlot myPlots;

2 // Add and fill histograms to myPlots

3 SproutFit fitter("myParamFile.txt");;

4 fitter.fit(myPlots,"myFits.png");

3.4 SproutCut

SproutCut assists the user in managing single-variable selection cuts by keeping track of these in
an internal collection. The class provides functionality to easily prepare new cuts by providing a
name, later used for access, as well as the cut value. As a new cut is created and configured with
SproutCut, a TH1F histogram is automatically prepared in the background, the purpose of which
is to later aid the user in assuring that the cut is applied to a reasonable region and also that the
simulations accurately describe the real data in the given variable. Once configured, SproutCut’s
cut-function evaluates wether or not a given value falls within the defined region of acceptance
and fills the value into the quality assurance histogram. This also visually displays the region of
acceptance to the user. Once all selection cuts have been performed, SproutCut offers a function
to write all produced quality assurance plots to a .root-file to be saved for later access.

4. Summary

Sprout is a C++ based software package aimed to assist ROOT users throughout a full data analysis.
The package currently contains tools for managing ROOT histograms and analysis input parameters
in its SproutPlot and SproutParam classes, respectively. Besides this, through SproutFit and
SproutCut, the user is provided with functionalities to ease otherwise encumbering tasks related
to fitting, implementing selection cuts and producing related quality assurance plots. Sprout is
publicly available for download on GitHub along with further documentation and user demos.
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