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My plan for this talk

The Belle |l software.
packages, Modules, Paths, DataStore, database.

A brief (hopefully useful) diversion: light releases

The analysis package.
Design.
Particles, candidates.

New features of interest to inclusive/missing energy
analyses.

Misc. tips and advice.

Kunsthalle Hamburg/Caspar David Friedrich, Der Wanderer (iber dem Nebelmeer
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software.belle2.org
guestions.belle2.org

PPPPP


https://software.belle2.org/
https://questions.belle2.org/

Where to go for help/examples

Software doc: software.belle2.org
Here is what's new in release-04 (or just go there and search).

Q&A: questions.belle2.org.

search.belle2.orq.

Code: stash.desy.de (the B2 “project” is basf2).

Tutorials:
Here is the indico category for past starterkit workshops.
Interactive tutorials: jupyterhub.belle2.orqg.
SBELLE2_ RELEASE_DIR/analysis/examples/*
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https://software.belle2.org/
https://software.belle2.org/sphinx/release-04-00-02/whatsnew.html
https://questions.belle2.org/
https://search.belle2.org/
https://stash.desy.de/projects/B2/repos/software/pull-requests
https://indico.belle2.org/category/17/
https://jupyterhub.belle2.org/

basf2:
packages, Modules, Paths,
DataStore, and the database



What?

basf2 = Belle Il analysis software framework.
Why not b2asf? | don’t know. Nobody consulted me.

Don’t be fooled by the word “analysis”.

Actually basf2 does everything. You should call it
“The Belle Il core software’.

Analysis is a subset of basf2.

It's also a python module for steering core functionality.

It's also the name of the executable.
... which can be thought of as ipython3.
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https://doi.org/10.1007/s41781-018-0017-9

Packages

* Code is organised into directories (== packages).
- Code for similar tasks lives together.
- There is one for each subdetector, and one for tracking, simulation, etc.

* As a postdoc/PhD student you might do some development in another package.
- But as an analyst, you really only care about a few:

analysis, mva, decfiles,
/ Controlled basf2 data format.
High level scripts to "skim" data
Code to do an analysis and "steer" to get it into a usable size: run
the analysis. centrally.

Configuration files to generate
your decay.

The "user interface".

Multivariate analysis (classifier
training, machine learning)
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Build system is called scons.

It's quite cool. -

Some special/important directories within a package. - -
scripts scons.org
examples
modules
dataobjects
dbobjects
tests
tools
variables

All of this will become clear or (I hope) is self-explanatory.

Package structure l
{ m
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https://scons.org/

Modules, Paths, the DataStore

What do we need to process the data?

1) A set of classes (modules) that process the data
— basf2 Module

input_root —> Module A Module B Module C Module D —> output_root
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Modules, Paths, the DataStore Y - P

A set of classes (modules) that process the data
basf2 Module

input_root —> Module A Module B Module C Module D —> output_root
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Modules, Paths, the DataStore

A set of classes (modules) that process the data
basf2 Module

Classes that hold data and allow module to pass thing one to the other
basf2 dataobject (lives in the datastore)

input_rOQt —> Module A Module B Module C Module D —> output_root

Tt Tt Tt
v I v I v v |

DataStore
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Modules, Paths, the DataStore

A set of classes (modules) that process the data
basf2 Module

Classes that hold data and allow module to pass thing one to the other

basf2 dataobject (lives in the datastore) Path

input_roQt —> Module A Module B Module C Module D —> Qutput_root

) e Ly

||i|i|i
Y vt vt v

DataStore

An order in which the modules must be executed
basf2 Path
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The database

Calibrations,
detector conditions,
magnetic field,
trigger bit definitions,
detector geometry,

input.root

—

The database
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Database
|

v

Module A Module B Module C

-
y I v 1T v |

DataStore

—

output.root
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global tag
payload #1 rev.1 rev.2 rev.1
payload #2 rev.] rev.2 (
payload #3 rev.] / rev.3
>
IOV/ time

payload One atom of conditions data (e.g. BeamParameters).
In our case this is just a file.
They are identified by name and have different revisions
IOV Short for “interval of validity”, the run interval for which the payload is valid.
Can be a fixed run range (closed) or starting at a given run (open)
global tag Is an immutable set of payloads and their loVs

Martin Ritter Belle2 Software Workshop, 2019-07-01 Conditions Database Usage 3730
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https://indico.belle2.org/event/96/contributions/1905/

A word on dataobjects and Belle Il file types =

All basf2 dataobjects are Belle2: :RelationsObjects (inherits from ROOT: : TObject).
But you should not try to open files with root.
“Kind-of” works. But totally unsupported, absolutely no guarantee of backward (or any) compatibility.

dst: can save any of the dataobjects in the DataStore (with EStoreFlags: :c_WriteOut)
data summary table.

branches = [

L. . 'Tracks',
mdst: the legacy/official analysis format. 'Vos ",

. . '"TrackFitResults',
mml'dSt' 'EventLevelTrackingInfo',
Strictly controlled list of dataobjects. PIDLikelihoods ',

] ] ] . . '"TracksToPIDLikelihoods',
Has M P implications in computing budget. 'ECLClusters’,
'"ECLClustersToTracksNamedBremsstrahlung',
. : H 'EventLevelClusteringInfo’,
cdst: calibration format. T raeKeTOECLCLuete et
mdst + a few others. 'KtMglusters',
. . . 'KlIds',
Huge, so only produced sparingly and for calibration. 'KLMClustersToK1Ids ',
"TRGSummary ',
udst: user format. mdst + Belle2: :Particles. softwareTriggerResult’,

]

SBELLE2_RELEASE_DIR/mdst/scripts/mdst.py
DESY. | Analysis software | S Cunliffe, 13.11.2019
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Jargon

basf2: The Belle Il software / a python module / an executable.

Package: related code lives together.

Module: does a data processing task.

Path: ordered list of modules.

DataStore: place where the dataobjects live. Written to and read from by modules.

Database: place where conditions data lives, in the form of payloads.
Modules can access it.

Global tag: a labeled collection of database data.
Historically typed by the user into her scripts.
Now not needed”.

mdst: the Belle Il data file format for analysis / a package containing the dataobjects.

*) unless you want to run the FEI
DESY. | Analysis software | S Cunliffe, 13.11.2019 Page 16






Distributed resources (GRID)

Centrally managed

Official
skim

Reconstruction

A

/ RAW /

basf2
I analysis ‘ Ntuple I

udst

/MC production/

Analysis users

Local resources

~
----------------

“~ ’
.............

» Download from grid

Ntuple

Offline analysis
(pandas, local ROOT

)
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Light releases

Are cool

* Subset of packages that compile standalone:
{ analysis, mdst, mva, skim,
framework, geometry }

* Everything that is needed to open mdst
< everything needed for analysis.

* Make light releases often - faster development
cycle than full basf2.

* More flexible. Can be powerful.

- e.g. FEI with baryonic modes is not available in
release-04 but it is in the light release.
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light-YYMM-codename
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Limitations

You can’t generate (you should not be
doing that anyway)

* Generation / simulation / reconstruction
jobs won’t work (by construction).
ModuleNotFoundErrors if you try.

* cdst not supported (by construction)
* Semver major release.

- Backward compatibility is not guaranteed.

Only supported actions:
* Read a preexisting mdst file.

* Make particles and do analysis things
(vertex fits, FEI, TreeFitter).

* Write out user ‘tuples

DESY. | Analysis software | S Cunliffe, 13.11.2019

Terminal

b2setup light-1906-firebird
Environment setup for release: light-1906-firebird

Central release directory : /cvmfs/belle.cern.ch/el7/releases/light-19

06-firebird
basf2
Python 3.6.6 (default, Nov 20 2018, 19:16:28)
Type 'copyright', 'credits' or 'license' for more information
IPython 6.5.0 -- An enhanced Interactive Python. Type '?' for help.

Welcome to BASF2 (Belle Analysis Software Framework 2)

Traceback (most recent call las

in <module>
simulation

in _importhook
Exception
_orig_ihook name args kwds
__builtin__ __ import__ -~ _importhook

: No module named 'simulation'

Page 20






Analysis package:
Particles, variables



Particles

. Particle

. Additional Info
@  MDST Object
.—- BASE?2 Relation
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Particles

Particle
Additional Info
MDST Object

* Candidate Belle2: :Particle created e —

from mdst dataobjects or composite:
- Track w/ PIDLikelihood — Charged particle.
-~ Calorimeter cluster — Neutral particle.

0000

<
L/

* Core object: Belle2: :ParticlelList of all such
candidates in an event.

@

* Combine Belle2: :ParticleLists with the
ParticleCombiner (a module) to create
composite particle candidates (e.g. B — K. m%).
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AnaIySis tOOIS ! - Reaction Plane

* High-level tools operate on
Belle2: :ParticleLists (once per candidate).
- Fit vertex (RAVE, Kfit).
- Kinematic fitting (Kfit, fork of ILC/Marlin). jLC
- Tag the B flavour.
- Build the RestOfEvent.
- Write candidates for offline study.
= Fit full decay chain.

* Notable exceptions:
- EventShape.
= Full event interpretation.

Artist’s impression of event shape: U. Tamponi
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https://rave.hepforge.org/
https://github.com/iLCSoft/MarlinKinfit

A typical path for an analysis job

Edst.roa histos.root
; A_
Y
2 mdst
'g objects —» Write info
= final state Do some Calculate Do some about
1 particle Combine Do some vertex complicated more selected
— lists particles selection fitting variables selection particles
I \ A | A \ A A A A\ A
3‘4 ,I \‘ | \ / / | \ /
v ot el v v [ v N
mdst articleList new vertices variables final list of
' . . v ) _
objects ParticleList(s) selected dataobject candidates
ParticleList
DataStore

DESY. | Analysis software | S Cunliffe, 13.11.2019
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A typical path for an analysis job

Now with the real names for the modules

Edst.roa histos.root

_
Y <
> o e Q <
Q O
Sé sQ\Q Q\é' ((\’é'@ @@6\ Q\é'o OQ\QJ
) @ Q A8 Q‘ Q &
= 3 S & Z R 3 S
2 Z $ s & % L &9
5 & o & & S > ¥
= S S S Q ¥ >
S L > & & N & L
S Q P L 9 L A
A \ A A \ A A A A\ A
\ / \ | / | \ /
V 5 M o v | v [/ v Y
mdst articleList new vertices variables final list of
objects ParticleList(s) selected dataobject candidates
ParticleList
DataStore
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How to load a module

* The syntax is the same no matter what module you want.
* You “register” it, (optionally) set some parameters, then add it to the path.

mod = basf2.register module('ModuleName')
mod.param('someParameter', value)
mypath.add module(mod)
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Can you figure out what this does?

pcomb = basf2.register module('ParticleCombiner"')
pcomb.param('decayString’', 'K*0:myKst -> K+:good pi-:good')
pcomb.param('cuts', '0.6 <M< 1.0")

path.add module(pcomb)
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Can you figure out what this does?

* If you said “combine particles” you're close to correct.

* Actually it adds a module which will do that to the path.

pcom
pcom
pcom
path

0 = basf2.register module('ParticleCombiner')
0.param('decayString', 'K*0:myKst -> K+:good pi-:good')

0.param('cuts', '0.6 <M< 1.0")
.add module(pcomb)

* Actually this is a common misconception.

* We are not in an event loop.

* We are configuring the processing we want to happen to our events.

DESY. | Analysis software | S Cunliffe, 13.11.2019
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Shorthand function syntax

reconstructDecay just configures a ParticleCombiner

Module setup can get complex.

* There are convenience functions. But this is a double-edged sword.

pcomb = basf2.register module('Pa
pcomb.param('decayString’,
pcomb.param('cuts’,
path.add module(pcomb)

'K*0:my
'.6 <M< 1.0°

icleCombiner')

1

modularAnalysis.reconstructDecay(
'K*0Q:myKst -> K+:good pi-:good',

DESY. | Analysis software | S Cunliffe, 13.11.2019

K+:good pi-:good')

'0.0 <M< 1.0', mypath)
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import basf2

mypath = basf2.Path()
inputMdst('default’,

from modularAnalysis import inputMdst

‘/path/to/input.mdst.root', path=mypath)

# usually no need to set the global tag in release-04

o
'g Write info
Do some Calculate Do some about
© . .
Q Combine Do some vertex complicated more selected
— [ particles selection fitting variables selection particles
A \\ /7‘ \ A \ A A
L T \ / 7 /
|
DataStore
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md

fillParticleList('K+:good"',

good tracks p3, path=mypath)
[ fillParticlelList('pi+:good', good tracks p3, path=mypath)

from modularAnalysis import fillParticlelList

good tracks p3 = 'abs(dr) < 2 and abs(dz) < 0.5
# https://confluence.desy.de/x/zJv-Bw

Y
7
E Write info
Do some Calculate Do some about
© . .
© p Combine Do some vertex complicated more selected
— ' particles selection fitting variables selection particles
A \\ /7‘ \\ A \ A A A A A
L T \ / I /
\ |
DataStore
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https://confluence.desy.de/x/zJv-Bw
https://confluence.desy.de/x/zJv-Bw

from modularAnalysis import reconstructDecay
reconstructDecay (
'K*0Q:myKst -> K+:good pi-:good',

'0.6 <M< 1.0', path=mypath)
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+ mdst
g objects —» Write info
- final state Do some Calculate Do some about
o particle Combine Do some vertex complicated more selected
— lists particles selection fitting variables selection particles
A \\ /7‘ A \ A A
UL / \ /
\ |
DataStore
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from modularAnalysis import applyEventCuts
mdst.rol applyEventCuts('nTracks < 10', path=mypath) .root
# see also nCleanedTracks (probably better)

Y

+ mdst N/

g objects —» Write info

- final state Do some Calculate Do some about

o particle Combine Do some vertex complicated more selected

— lists particles selection fitting variables selection particles
A \\ n | A \ A \ A
N N—

Y Y ~

|
DataStore
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A typical path for an analysis job

from vertex import fitVertex £
mdst.roq .. : , .roo
fitVertex('K*0:myKst', conf level=0.0, path=mypath)
Y
2 mdst
'g objects —» Write info
- final state Calculate Do some about
o particle Combine Do some complicated more selected
— lists particles selection variables selection particles
A \ nl | A \ A A A\ 2
\ / \ / \ / | \ /
v oo v v [/ N/
mdst ParticleList new vertices variables final list of
, . . N : .
objects ParticleList(s) selected _ dataobject candidates
ParticleList
DataStore
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from modularAnalysis import buildRestOfEvent
buildRestOfEvent('K*0:myKst', path=mypath)

+ mdst

g objects —» Write info

. final state Do some Calculate Do some about

2 particle Combine Do some vertex complicated more selected

— lists particles selection fitting variables selection particles
A \\ n | A \ A \ A
N N—

Y Y \J|

\ |
DataStore
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from modularAnalysis import cutAndCopyLists
mdst.rof cutAndCopyLists('K*0:hiP', 'K*0:myKst', 'p > 1.0', .root

path=mypath)
—

Y

+ mdst

g objects —» Write info

- final state Do some Calculate Do some about

o particle Combine Do some vertex complicated more selected

— lists particles selection fitting variables selection particles
A \\ n | A \ A \ A
N N—

Y Y ~

|
DataStore
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L from modularAnalysis import variablesToNtuple
MEET9variablesToNtuple('K*0:hiP', ['p', 'M'], path=mypath)

—

.root

) E

+ mdst

g objects - Write info

- final state Do some Calculate Do some about

o particle Combine Do some vertex complicated more selected

— lists particles selection fitting variables selection particles
A \\ A | A \ A \ A
1 e N—

Y Y ~

|
DataStore
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mdst.root histos.root

# now we actually run the event loop!
basf2.process(mypath)
print(basf2.statistics)

DataStore
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The VariableManager

It manages variables
* The place where variables are calculated and evaluated. C++.
* Contains a lot of things that you might be interested in.

* Easily extensible (but what you want probably already exists).

* Many newcomers first point of entry into the code is tweaking
or adding a variable.

- We are really picky about clear documentation.

* Used for selections. And you've already seen it.
- M, E, p, theta, phi, nTracks, ...

- clusterk, nChargeZeroTracks, nParticlesInList(), totalEnergyOfParticlesInList(),
cosAngleBetweenMomentumAndVertexVector, ...
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6. Analysis — basf2 development documentation - Chromium

@ 6. Analysis — basf2 deve! x
& C @ software.belle2.org/sphinx/release-04-00-03/analysis/doc/index-01-analysis.html#variables px¢ {:} :
B 6. Analysis -
6.1. Particles 6.3. Variables

6.2. Modular analysis convenience

functions
8 6.3. Variables
6.3.1. VariableManager
6.3.2. Variables by group

6.3.3. Collections and Lists

6.3.4. Operations with variable

lists

6.3.5. Miscellaneous helpers for

using variables

6.4. Output for offline analysis

6.5. Event-based analysis
6.6. Truth-matching
6.7. Advanced Topics

6.8. Full list of analysis modules

7. B2BlI
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While basf2z operates on ParticleList s, it is also important to calculate physics quantities

associated with a given candidate or event.

In basf2 analysis, variables are handled by the variableManager . There are many variables
available for use in analysis. Probably the most obvious, and useful are: p, E, Mbc ,and deltaE .

You can search the variables in an alphabetical Basf2 Variable Index, or browse Variables by group.

« 6.3.1. VariableManager
e 6.3.2. Variables by group
o Kinematics
o Helicity
o Tracking
o PID
o Basic particle information
= PID for expert
o ECL Cluster
o Acceptance
o Trigger -
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Aliases

Are awesome and you should use them

* | overhauled and cleaned up the documentation for the VariableManager.

* One thing worth mentioning: aliases.

from variables import variables as vm
vm.addAlias('cosPVtx"',

'cosAngleBetweenMomentumAndVertexVector"')

—_I__

There is no path here!
The VariableManager exists alongside the path
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New features of interest to
Inclusive and missing energy
analyses



MC matching for inclusives Generator-level

Yo Sato, SC; BlI-4463 e_,@

* Helper variables for sum-of-exclusive and fully inclusive

mc-matching. 0—’@
* Implemented new grammar: “@X". l—»@@
* Deleted some unused grammar defined in DecayString. o @
—_—

* Plan to write a BELLE2-NOTE.
NOOP

modularAnalysis recontructDecay, copyLists
reconstructDecay( ‘@Xsd:0 -> K SO:all’, cuts, path=mypath)
reconstructDecay(‘@Xsd:1 -> K+:loose pi-:loose’, cuts, path=mypath)

reconstructDecay( ‘@Xsd:2 -> K+:loose pi-:loose piO:all’, cuts, path=mypath)

copyLists(‘Xsd:all’, [‘Xsd:0", ‘Xsd:1', ‘Xsd:2'], path=mypath)
reconstructDecay( ‘BO:Xsdmumu -> Xsd:all mu+:loose mu-:loose’, cuts, path=mypath)

DESY. | Analysis software | S Cunliffe, 13.11.2019
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ROEs and superparticles

Actually treat the ROE like a full Belle2: :Particle.

Useful in some missing energy analyses.
A new AllParticlesCombinerModule.

An ROE particle implementation (needs testing). ROE
Also: provide an official, supported
solution for, e.g. vertex-fitting, with B Y (4S)
neutrinos (or other missing particles). /
reconstructDecay(“vpho:beam -> B+:sig ROE”, “”, mypath)
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VariablesToHDF5 pandas

Martin Ritter, BlI-3808 Yis = 3 i + p; + €5

* “Just” a new module (python, for the moment).

* Qutput to HDF5 file containing a pytable.
- Easily read in a pandas.DataFrame.

* Won’t immediately work on the grid
(file extension will not be .root).

from b2pandas_utils import VariablesToHDF5
v2hdf5 = VariablesToHDF5(
filename="variables.hdf5", listname="pi+:all",
variables=1ist_of_interesting_event_variables)
path.add_module(v2hdf5s)
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Misc. tips



Misc. tips

Caution with global event calorimeter information.
Clusters are not unique. The energy depends on the hypothesis.
The number of clusters / total energy is background dependent.
Make a simple selection and count/sum up “good” photons.

Global event KLM information.
Don’t even.

Use the ParticleLoader and use Belle2: :Particles/ Belle2: :ParticlelLists.
Raw mdst dataobjects are subtle, complicated and the probability of making a mistake — 1.
Analysis code shouldn’t really need to interact with them directly.

Don’t open *dst files in root.
You should not need to set a global tag in release-04. If you do something is probably wrong.
Read the convenience functions in modularAnalysis.

Complain (loudly, via bug reports) about missing documentation.
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Caution with global event calorimeter information.

from variables import variables as vm
from modularAnalysis import fillParticlelList

good photons = 'clusterNHits > 1.5 and E > 0.05"

fillParticlelList('gamma:good', good photons, mypath)

vm.addAlias('smartEECLNeutral',
'totalEnergyOfParticlesInList(gamma:good) ')

YOU 1OUIA MNOL Nneed (0 sel a giopdal (dq I release-vU4. VOU dO SOITIetning DIopPaPIyv WIOorndg.

Read the convenience functions in modularAnalysis.

Complain (loudly, via bug reports) about missing documentation.
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software.belle2.org
guestions.belle2.org

PPPPPP


https://software.belle2.org/
https://questions.belle2.org/

Kudos

Stuff in these slides profited from ideas and revisions by these people:

Jake Bennett, Umberto Tamponi,
Hannah Wakeling, and Anze Zupanc
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Appendix



The big picture

Published
Nature > paper
\/_
PYTHIA What do you need?
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The big picture

Nature

Published

PYTHIA /
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v

paper
\/_

What do you need?

Data storage  — root (trees) files
Data processing — C++ code
Scripting — Python
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The big picture

Nature
Sy /’f
- e rawData.root
—— X

\
PYTHIA 4 ——  Detector
Simulation

4d Geanmd
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The big picture

Nature
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4

e

\
PYTHIA /L\—

Detector
Simulation
GEANT4

ECLClusters,
_ Tracks,
Reconstruction PIDLikelihoods

!

~~ % (c¢,m)dst.root

rawData.root

r
|
|
|
|
|
|
|
|
|
|

MCParticles
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The big picture

ECLClusters,

_ Tracks,
REEsE L Een PIDLikelihoods
Nature l
— -
o N ~— (c,m)dst.root
- i rawData.root
‘§//////// ~

\
PYTHIA %b Detector
Simulation

basf2 analysis

d ceanmr = steering script

1

I

I ﬁ_

I MCParticles
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