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Disclaimer ﬂ(".

stitute of Technology

® | have been working with the Belle Il software for (too?) many years...
® | might take some things for granted that are actually not at all obvious!
B Please stop me at any time if:

® | use some jargon you don’t understand

@ If anything is unclear
® Whenever you have a question
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Karlsruhe Institute of Technology

® | have been working with the Belle Il software for (too?) many years...
® Michel too...

4 Giacomo De Pietro Scientific Computing Center (SCC)



Disclaimer ﬂ(".

stitute of Technology

® | have been working with the Belle Il software for (too?) many years...

® Michel too...

® And apparently, we know each other since an international dinner we
had at KEK in November 2016...
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® | have been working with the Belle Il software for (too?) many years...

® Michel too...

® And apparently, we know each o
had at KEK in November 2016...
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Introduction: software ﬂ(".
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Belle Il ﬂ(".

Karlsruhe Institute of Technology

Pixel Detector (PXD)

Silicon Vertex Detector (SVD)
Central Drift Chamber (CDC)

TOP counter (TOP)

Aerogel RICH counter (ARICH)
Electromagnetic Carolimeter (ECL)

K.,/ Muon Detector (KLM)

B ©Rey.Hori/KEK
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Belle Il ﬂ(".
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Pixel Detector (PXD)

Silicon Vertex Detector (SVD) ——

—

Central Drift Chamber (CDC)

TOP counter (TOP)

1
Aerogel RICH counter (ARICH) ——

Electromagnetic Carolimeter (ECL) —

https://etpwww.etp kit.edu/~ferber/lego.html

a © Rey.Hori/KEK

K.,/ Muon Detector (KLM)
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Belle 1l workflow ﬂ(".
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Belle Il file formats ST

Karlsruhe Ins e of Technology

® We call our files “dst”

@ dst = data summary table

® Basically: ROOT files where we store our “custom” objects
® The data for physics analysis are "mdst”

® mdst = mini data summary table.

® Same structure of a dst, but with much less information

® [nput to your analysis scripts

® At the end of your analysis chain you will write out a "normal” ROOT file
containing “TTree”s, “TBranch”s, or histograms

® Usually called ntuples

® [nput to your offline analysis
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Belle Il inputs for analysis ﬂ(".

stitute of Technology

® The content of mdst files is:
W tracks
® ECL clusters
® KLM clusters
W particle identification (PID) likelihoods
® MC particles (only in simulated events!)
® relations between these objects
® These are the building blocks for all the Belle Il physics analyses!
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Pixel Detector (PXD)
Silicon Vertex Detector (SVD)

Central Drift Chamber (CDC)

TOP counter (TOP)

Aerogel RICH counter (ARICH)
Electromagnetic Carolimeter (ECL)

Ki,/Muon Detector (KLM)

B ©Rey.Hori/KEK
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< Pixel Detector (PXD)

Tracks_ & < Silicon Vertex Detector (SVD)
vertexing

< Central Drift Chamber (CDC)

TOP counter (TOP)

Aerogel RICH counter (ARICH)

Electromagnetic Carolimeter (ECL)

Ki,/Muon Detector (KLM)

B ©Rey.Hori/KEK
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Pixel Detector (PXD)
Silicon Vertex Detector (SVD)

Central Drift Chamber (CDC)

TOP counter (TOP)

Aerogel RICH counter (ARICH)

ECL

<« Electromagnetic Carolimeter (ECL)
clusters

Ki,/Muon Detector (KLM)

B ©Rey.Hori/KEK
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Pixel Detector (PXD)
Silicon Vertex Detector (SVD)

Central Drift Chamber (CDC)

TOP counter (TOP)

Aerogel RICH counter (ARICH)

Electromagnetic Carolimeter (ECL)

KLM

< KU/Muon Detector (KLM)
clusters

B ©Rey.Hori/KEK
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Belle Il inputs for analysis ﬂ(".
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Pixel Detector (PXD)
< Silicon Vertex Detector (SVD)

< Central Drift Chamber (CDC)

<  TOP counter (TOP)

PID
likelihoods o Aerogel RICH counter (ARICH)

<« Electromagnetic Carolimeter (ECL)

< KU/Muon Detector (KLM)

B ©Rey.Hori/KEK
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basf2: Belle Il Analysis Software Framework ﬂ(".
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basf2: Belle Il Analysis Software Framework ﬂ(".

Karlsruhe Institute of Technology

W@ basf2: Belle Il Analysis Software Framework
B arXiv:1809.04299

® More of a software framework than an “analysis framework” (name is historic)
@ It performs the unpacking of raw data, detector simulation, tracking, clustering, ...

@ The executable is a wrapper for IPython 3, which controls the setup and

configuration of a path
J P Module chain

® Modules are blocks of code that does P W .. W . h
a specific unit of data processing T AT M;‘dale Mo}ule Pat
B They are added to the path calling them #1 #2 #3 i

inside a so-called “steering file”
@ User analysis is performed using the g Davtasmre ¥ Y

analysis package, with mdst files as input
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basf2: few technical details... ﬂ(".

stitute of Technology

® basf2 is mostly written in C++, with Python used to provide an easy user
Interface

® It is open source and publicly available on GitHub:
https://github.com/belle2
® Licensed under LGPLv3

® The documentation is also publicly available: hitps://software.belle?.org

® We also provide a shortcut for the beginners’ tutorials:
| Jraining bell
® Development is done on DESY GitLab: hitps://gitlab.desy.de/belle?

® But the access it limited to the Belle Il members...

® (GitHub repository is a mirror of the one hosted on GitLab)
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basf2: few technical detalils... ﬂ(".

Karlsruhe Institute of Technology

® We rely on a lot of (open source) software packages not developed by
us

® Compilers, debuggers, Python, etc.

® HEP-specific software like ROOT, Geant4, XRootD, etc.
® Including some MC generators like EvtGen, Pythia, MadGraph, etc.

B We “package” all these packages ourselves in the so-called “externals”
@ hitps://github.com/belle2/externals

® One version of the externals has a specific version of compilers, Python,
ROOT, etc.

® One or more versions of basf2 are linked to a specific version of the externals
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basf2: software releases ﬂ(".

stitute of Technology

® We provide 2 different type of software releases: major releases and
light releases

® Major releases:
® Once a year + frequent patch releases
® Used in data taking, offline reprocessing, MC production and calibration
® “Boring” naming scheme: release-08-01-03, release-09-00-01, etc.

@ Light releases:
® One every ~2 months
® [t contains all the features for physics analyses
® No unpacking or digitization:
® “Funny” naming scheme: light-2511-gacrux, light-2403-persian, etc.
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basf2: software releases ﬂ(".
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® We provide 2 different type of software releases: major releases and
light releases

® Major releases:
monceayear +frel WWe are going to use

® Used in data takin Iight-2511-gacrux and calibration
® “Boring” naming s| during this WOTkShOp! D-01, etc.
@ Light releases:

® One every ~2 months

® [t contains all the features for physics analyses

® No unpacking or digitization:

® “Funny” naming scheme: light-2511-gacrux, light-2403-persian, etc.
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basf2: a steering file ﬂ(".

Karlsruhe Institute of Technology

B A simple steering file to generate, simulate and reconstruct 100 generic
B°B° events:

T @ (It works only with a major release)
e @ It adds 200+ modules to the path
@ It can be executed from the terminal
main = b2.Path() with basf2 steering.py
main.add_module( 'EventInfoSetter', evtNumList )

main.add_module( 'Progress’')
ge.add_evtgen_generator(path=main, finalstate='mixed")
si.add_simulation(path=main)
re.add_reconstruction(path-main)
mdst.add_mdst_output(path=main, filename='mdst.root")

b2 .print_path(path-main)
b2 . process(path=main)
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Introduction: physics ﬂ(".
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Our signal channel

AT

stitute of Technology

® In this workshop, we will reconstruct this “famous” decay chain:

W B: - K* X(3872)
m X(3872) - " " J/V¥Y
wIWY 5 ete /utu
® Why is this famous?
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Our signal channel ﬂ(".

stitute of Technology

® In this workshop, we will reconstruct this “famous” decay chain:
W B: - K* X(3872)
m X(3872) - " " J/V¥Y
wIWY 5 ete /utu
® Why is this famous?
® Most-cited Belle paper
® Opened the floor to charmonium and bottomonium spectroscopy studies
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Our signal channel S(IT

Karlsruhe Institute of Technology
Observation of a Narrow Charmoniumlike State in .
Exclusive B* — K*n*7~J/i Decays Share ~

S.-K. Choi® S. L. Olsen®, K. Abe’, T. Abe’, I. Adachi’, Byoung Sup Ahn'4, H. Aihara*3, K. Akai”, M. Akatsu?°
et al. (Belle Collaboration)

Show more v

T T T T T T T 12000 T T T
r a) dota ] b) MC
Phys. Rev. Lett. 91, 262001 - Published 23 December, 2003 Export Citation 200 | i L 2|
= L i
DOIL https://doi.org/10.1103/PhysRevLett.91.262001 8 L 4
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Abstract : ; - j
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We report the observation of a narrow charmoniumlike state produced in the exclusive decay process B* - - - 40 dian qoy

— K*rtx~J/. This state, which decays into 7* 7 ~J/i, has a mass of 3872.0 £ 0.6(stat) £ 0.5(syst) MeV, a value that
is very near the Mpo + Mp+ mass threshold. The results are based on an analysis of 152M B-B events collected at M(=* = T'T) - M{I'T) (GeV) M{=*= 1T - M(I*T') (GeV)
the Y(4S) resonance in the Belle detector at the KEKB collider. The signal has a statistical significance that is in

excess of 10o.

DOI: 10.1103/PhysRevl ett.91.262001
arXiv: arXiv:hep-ex/0309032

31 Giacomo De Pietro Scientific Computing Center (SCC)


https://doi.org/10.1103/PhysRevLett.91.262001
https://arxiv.org/abs/hep-ex/0309032

Other (background) processes ﬂ(".

stitute of Technology

® Unfortunately, the reconstruction algorithms are not perfect, and we
might mis-reconstruct some particles

® Also: even if we correctly reconstruct all the particles, we might combine
them wrongly

® Long story short: we are going to have background events together with
our signal ones!

® The typical goal is: maximizing the number of signal events while minimizing
the background ones

® This means that we need to process not only signal events, but also the
background ones!
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Other (background) processes ﬂ(".

Karlsruhe Institute of Technology

@ We have Y(4S) productign at Vs = 10.58 GeV, Process Cross-section (nb)
which yields Y(4S) — BB processes where B*B~ ete™ — Y(4S) 1.10
or B°B° are called charged and mixed respectively ete” = ua (7) 1.61

o ete” — dd (v) 0.40
@ Periodically we have so-called off-resonance &) 0.38
collisions (at Vs = 10.52 GeV): in such collisions, ete— — e () 1.30
B mesons are not produced! ete— = THr—(7) 0.92
— +,.— + .-
B We have e*e” - qq (g = u, d,s, c) processes, ce e _(2’)) f‘i‘;
also known as continuum cooTer |
ete” = vy () 4.99
@ We have an array of low multiplicity processes efe” = efemeTe” 39.7
+,— + o=t
suchase‘e” - £ (y) =€, i, 1), e'e = 200 etc. & e ry i
® To remember: 1 fb? of Belle Il data has 1.1M Y(4S) HEGRT sl

events, 1.61M uu events, 0.4M dd events, etc.
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Our signal channel ﬂ(".

stitute of Technology

® In this workshop, we will reconstruct this “famous” decay chain:
W B: - K* X(3872)
m X(3872) - " " J/V¥Y
wIWY 5 ete /utu
® Our target is:
® Reading the input files
® Combining a pair of opposite-charged electrons or muons to form a J/W
® Combining a J/W¥Y with a pair of opposite-charged pions to form a X(3872)
® Combining a X(3872) with a charged kaon to form a charged B
® Storing some physics quantities in output files (ntuples)
® Having fun :)
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Karlsruhe Institute of Technology

35 Giacomo De Pietro Scientific Computing Center (SCC)



Another reminder... ﬂ(".

Karlsruhe Institute of Technology

® Our (very) comprehensive tutorial can be found here:
https://software.belle2.org/light- -gacrux/sphinx/online

]
[
rA
e d
0

3. Beginners' Tutorials

This online textbook aims to help new Belle Il members to get started with the software by following through a

series of hands-on lessons.

your best

i ' Q_ search cerl el x If you need to cite this online book, please use the following citation:
frlen d’ Belle Il Collaboration, The Belle Il Software Online Book. [Online]. Available: <your_url_for_this_page>.
1. What's New
2. Installation and Setup v @ Tip
| 3. Beginners’ Tutorials ~ Just as there are many versions of the Belle Il software, there are many versions of this documentation
3.1. Welcome! ~ to match it. After all, if a new feature is added in our software, we also want to have the
3.2 Fundamentals o documentation for it. You can change your version by clicking on other versions.

3.3. Software Prerequisites e If you are a new to all of this, we recommend you to select the recommended release version

3.4. Working with Belle Il v ( release-xx-xx-xx (recommended) in the above list).
software.
: You can also take a sneak peek at the most recent version of the documentation by selecting the
3.5. Offline analysis v
development version. However not all of the code examples might work for you yet.
3.6. Data model and v
computing The earliest release version which contains this online book is release-85-01-12 .

3.7. Workflow Management v
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Setup ﬂ(".

Karlsruhe Institute of Technology

® You first need to start a new JupyterHub instance

| hitps:
hst

® This is a different instance w.r.t. the one used in the previous days!
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® To run basf2 we will need a terminal

KIT

Karlsruhe Institute of Technology

® We could run a steering file in a Jupyter Notebook, but... way too many things

can go wrong...

File Edit View Run Kernel Tabs Settings Help

- + ¢ vy | BTeminal1 X | B Launcher X |+

8 / courses-hsf-india-Jan2026 /

Name - Modified courses-hsf-india-Jan2026
BB test 15m ago
= M ReADMEmd 6h ago Notebook
Python 3 Bash
(ipykernel)

L"
@

o
|
|

M [ o =

Markdown File Python File Show Contextual

g
El
i
E
3
2
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Setup ﬂ(".

Karlsruhe Institute of Technology

® We will use the embedded editor for Python files to create or modify files

File Edit View Run Kernel Tabs Settings Help

- + Cc Y B Terminal 1 X | [ Launcher X |+

8 / courses-hsf-india-Jan2026 /

Name - Modified courses-hsf-india-Jan2026
BB test 15m ago
= M ReADMEmd 6h ago |E Notebook
Python 3 Bash
(ipykernel)

Console

L"
@

7 @& =

Markdown File Python File Show Contextual
Help

>
|
L

g
El
5
5
3
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Setup ﬂ(".

Karlsruhe Institute of Technology

® You don’t have to install anything: basf2 is already available on
JupyterHub via the CernVM File System (CVMFES)

® To setup basf2:

$ source /cvmfs/belle.cern.ch/tools/b2setup

® (You can safely ignore the error message, or run the command it suggests to
run)

® Then, you can run
$ basf2

® We need to setup a release first :)
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Setup ﬂ(".

Karlsruhe Institute of Technology

& If you don’t know which release to use, run b2help-releases
$ b2help-releases

® Then, just setup it:
$ b2setup light-2511-gacrux

® You can confirm it works with:
$ basf2 --info
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Setup (better way...) ﬂ(".

Karlsruhe Institute of Technology

® Since ~1 year we have an alternative (and better) way to setup basf2
using b2venv

® b2venv allows to correctly setup basf2 AND a Python virtual
environment together

® Creating a virtual environment in the usual way does not work well with
basf2...

® See the full documentation at

https://software.belle2.org/development/sphinx/build/tools doc/b2venv.h
tmi

B TL;DR to have basf2 AND a correctly setup virtual environment:

$ source /cvmfs/belle.cern.ch/tools/b2setup
$ b2venv light-2511-gacrux
$ source .venv/bin/activate
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Setup ﬂ(".

Karlsruhe Institute of Technology

® Your environment is ready to go: you can now use basf2!

& If you type b2 in the terminal and then start pressing TAB, you will see
all the available commands we provide with basf2
@ Some useful commands are:
B b2help-*
mb2file-*
W b2code-style-check / b2code-style-fix
® You can always use the --help option to see the help message!
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More on useful commands ﬂ(".

stitute of Technology

® Help at the command line: $ pydoc3 basf2.Path

@ List all the modular analysis convenience functions: $ basf2
modularAnalysis.py

W List the basf2 modules: $ b2help-modules
B List the basf2 analysis variables: $ b2help-variables
W List the basf2 particle names: $ b2help-particles
® We use the same conventions used by ROOT, PDG, EvtGen, etc.
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