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Belle Il Events

« e*te collisions at Vs = 10.6 GeV

* Design luminosity 8x103> cm=—s
(40x KEKB)

Type of event Rate [kHz]

Y(4S) ~ BB 0.8
aq 3.0
TT 0.7
e*e(y) 240
eteete- 32

 O(10) tracks per Y(4S) event
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Data Analysis Workflow

> Signal MC, Data/MC skims

* Reconstruction, (pre-)selection
* Tools like vertex fits, flavor tagging, etc.
> Ntuples

« Selection optimization

* Corrections / calibrations
* Fit

e Systematics

> Result




Belle 1l Analysis Software Framework (basf2)

» Used online and offline Module chain
. . N\ N N
 Dynamic loading of modules F E 7 N— | Path
Module| [Module| |Module| |Module
« Data exchange via DataStore el | I | P L#“
° I Y Y Y \
Relatlons DataStore
e Root I/O
StoreArray<Track> tracks;
+ Parallel processing oot ottt ihonss s =)

. . track->getRelated<PIDLikelihood=>();
« Steering via python }

- meta-frameworks




import modularAnalysis as ma
import variables.collections as vc

ne. inputHdst (. . Modular Analysis

ma.fillParticleList('K SO:pipi', '0.4 < M < 0.6', path=...) > AnaIyS|S On Steer|ng
file level using
decay strings

ma.reconstructDecay('BO:jspiks -> J/psi:mumu K SO:pipi', '5.2 <M < 5.4', ...) v Pa rt|C|e reCOnStrUCthn
and selection

ma.reconstructDecay('J/psi:mumu -> mu+:loose mu-:loose', '3.0 <M< 3.2', ...)

vertex.vertexRave('B0:jspiks', 0.8, 'BO -> [I/psi -> ~mu+ ~mu-1 K S0', ...) v MC matching
ma.buildRestOfEvent('BO:jspiks', ...) v Vertex fits
ma.matchMCTruth('BO: jspiks', ...) v Flavor tagging
flavorTagger. flavorTagger('BO:jspiks', ...) v Continuum
suppression

ma.variablesToNtuple('BO:jspiks', vc.mc truth + vc.detae mbc, ...)




Basf2 Variable Index

Va riable Manager A|B|C|D|E|F|G|H|[I|K|LIM|N|O|P|Q|R|S|T|U|V|W[X]|Y|Z

A

abs

* Particle properties

ancestorHasWhichFlavor
angleToClosestInList

 Functions,

aplanarity
e d a u h te r I I I a tC h ed M C ArmenterosDaughteriQt
. g . g ’ ArmenterosDaughter2Qt
ArmenterosLongitudinalMomentumAsymmetry

 Event properties e

azimuthalAngleInDecayPlane

 Aliases 5

* Few hundred variables .

b2bPhi

° O t t t . b2bTheta
u p u O [ ] backwardHemisphereEnergy

backwardHemisphereMass

 Ntuple (candidate based) e

backwardHemisphereY
« Event based tree
V beamE
. beamPx
* Histogram
beamPz
belleECLEnergy

() H D F 5 bssMassDifference

BtagToWBosonVariables

c
charge
chargeTimesKaonLiklihood



Vertex Fitting Tools

- KFit ported from Belle

> RAVE (no support by developers any more)
> TreeFitter

« Adaption of decay chain
fitter used by C
BaBar and LHCb e TN T—
T
N

 Speed up due to use
of EIGEN library




Full Event Interpretation (FEI)

* Fu I I reCO nStru Ctl O n Of {Tracks} [ V0 objects J [ KLMClusters J [ ECLClusters J
one B m eson A M :.—.-.:—.-.fi‘:;,\;_\‘_\.,.,_,_.;.7 s N

* Momentum and charge < [« o (8 [0
of signal B meson known

« All remaining particles
belong to signal B meson

 Reconstruction o\
of decays ‘4

with neutrinos ./ 3 45)(".

©sopnae

eje(]
1010930(]

01e)g
[eutg

Sodv1g 9)RIPAUILIZIU]




mva package

A

loads and stores weightfiles

Y

mva package — USES
provides
\/
Fitting Inference Evaluation
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Belle mdst input in basf2 (b2bii)

Event Information

Belle Panther Jfixed” Panther
mDST-files tables tables

\NEVANERVAN

belle_legacy library

\/

Monte Carlo

ECL Clusters

KLM Clusters
Belle B2BIT B2BII B2BIT
 —
database MdstInput FixMdst ConvertMdst V0 Objects

PID Information
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Jupyter Notebooks

: B2T_Basics_3_FirstAnalysis (unsaved changes) [ o Logout || Control Panel

File Edit View Insert Cell Kernel Widgets Help Not Trusted | Python 3 (Belle2) O

B + 5 & B 4+ % MHRin B C P Makdown v [l

MDST Analysis

The goal of the mDST analysis is to process simulated or real data using the BASF2 framework and write out all the necessary information for your
specific analysis.

Typical tasks include:

® Creating Particle objects from the Tracks and Clusters

& Combining Particle to other Particles (e.g. a pion and a kaon to a D meson)

® Perform a vertex fit on an Particle to reconstruct the point in the detector where it decayed

® Bun advanced algorithms e.g. ContinuumSuppression, FlavourTagging, and the FullEventinterpretation (all developed in Karlsruhe)
® Perform cuts on different quantities of the Particle objects

& Write out information about Particle objects e.g. their reconstructed momenta, vertex position, PID information, or in case of simulated data the
associated Monte Carlo truth.

We use now the Monte Carlo data we just produced, which contain among others Track, Cluster, PID information and MCParticle data-objects. The first

convenience function from modularAnalysis uses the "Rootlnput” module to load an mdst file from somewhere on the internet via http. The module
transfers the data-objects from the provided mdst file into the DataStore.

In [ ]: import basf2 as b2
import modularAnalysis as ma

path = b2.create_path()
ma.inputMdstList("MC1e", [input file], path=path)

# if we process the file over http we need to enable caching some parts of it for performance reasons.
if input file.startswith("http"):

b2.set module parameters(path, name="RootInput", cacheSize=1080)




StarterKit

Introduction to
the software

Hands-on
tutorial

1st B2StarterKIt workshop, October 2017

“‘Expert” lectures

Work in groups

Experts

Working group

Student Student

Mentor

Working group

Student Student

Mentor

Working group

Student Student

Mentor




Fitting Tools

What tools do you use for offline fitting? (please check all that apply)
47 responses

| don't need to do fitting

RooFit

ROOT (TF1::Fit, for example)
Bayesian Analysis Toolkit (BAT)

33 (70.2%)
21 (44.7%)
2 (4.3%)

scipy.optimize 5 (10.6%)
victieaiiol =055 Task force form ed
C++and MINUIT[-—1 (2.1%) to collect requirements
1(21%) and provide
i = b recommendations
Not yet used fitting. 1(2.1%)
0 10 20 30 40
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Further Topics Under Discussion

e Systematics framework
* Analysis preservation




Summary
> Modular analysis and variable manager
have simplified and standardized many analysis steps

> High level (B factory specific) analysis tools
are implemented and well integrated

> Trends in ntuple-level analysis:
> Python and industry standard tools

> Browser based (jupyter notebooks)

> Machine learning
~ Some unresolved issues (systematics, preservation)
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