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Session Overview

Thank you to all speakers!!

Basf2 and related topics

B132, LMU

Giacomo De Pietro @
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Validation of basf2 releases

B132, LMU

Patrick Ecker @
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Introduction to RDataFrames
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Tracking overview
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B132, LMU
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GNN-based Track - and Vertex - finding
B132, LMU

Lea Reuter @
11:20 - 11:40

Distributed computing at Belle Il
B132, LMU

Michel Hernandez Villanueva @

15:00 - 15:20

Improving ECL Clustering on Trigger Level with Object Condensation

B132, LMU

Isabel Haide &
11:40 - 12:00

Clustering Energy Depositions in the ECL using graph neural networks
B132, LMU

Florian Wemmer @
12:00 - 12:20

Belle IT

Computing development projects at KIT

Matthias Schnepf et al. @

B132, LMU 16:00 - 16:20
NAF at DESY Thomas Hartmann &
B132, LMU 16:20 - 16:40

Storage infrastructure at DESY
B132, LMU

Christian Voss @
16:40 - 17:00
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The software group & basf2 & other stuffs  Giacomo De Pietro

Belle I

release-07 tagged in July:
o features:
m new externals
m new track refinement step to
reduce charge
misreconstruction
m improved TOP reconstruction
m improved ECL likelihoods
o release-07 validation still ongoing
(got delayed)

release-08:
first post LS1 basf2 release
wishlist:

®)
®)

upgrade Geant4 version
reduce memory usage and
mdst size

get rid of deprecated ROOT
classes

improve analysis toolkits (e.g.
FEI; flavor tagger)

further improve charge
reconstruction

Collaborative tools

during LS1 migration from Atlassian to GitLab: no more Stash, Bamboo, Jira

Confluence will stay (for a while ...)
migration of Jira issues and repositories automized
transition from Bamboo to GitLab is ongoing
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e release-08:
o first post LS1 basf2 release
o wishlist:

m improved TOP reconstruction
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Analysis Validation in Belle Il

Patrick Ecker et al.

AT

Karlsruhe Institute of Technology

e over 59 modes, involving 10 WG liaisons
e slow and work intensive
Current Status of Analysis Validation
Checked by WG liasons
Produced centrally from the list
of modes provided by WGs \
Before: done locally by WG liaisons
Now: run centrally
— | Valid. steml |
mD | Valid. steering2 | | Valhisto 2| | Valid. fit 2 |
(validation MC
modes) | Valid. steering n | | Valid. fit n |

=

Display results

Belle I



Analysis Validation in Belle Il

e produce only 6 validation modes
e more done centrally
e modular framework: easy to add new validation

All done centrally

\

Quality *teering 1\
Quality s‘eering 2

1

Quality st*ering n

W

Quality fit 2

Quality fit n

Checked by
shifters, experts...

Patrick Ecker et al.

Display results

/.




Introduction to RDataFrames David Koch

Belle I

RDataFrame ROQOTs answer to pythons root_pandas

if you want or need to use ROOT in your analysis but dont want to miss pythonial
style editing of your data you now can do so

features:

exacly four leptons

Define
sum_lep_type

lepton types

o easytouse

o scalable: still experimental feature of supporting distributed running on
clusters

o interoperable with python ecosystem: you can convert RDataFrame into
Numpy arrays

o automated inspection:
m create workflows or cut flows for inspection

o automated systematic variations (still experimental)

Take




Tracking Overview Christian Wessel

Tracking in Belle I

CDC Hits

¥\

CD CDC Cellular SVD Hits
Legendre Automaton *
\M - / CDC Tracks CDC-to-
SEE ™| SVD-CKF
CDC Tracks ‘ CDC-SVD Tracks |
| o
; Remaining
CKF Merging |- VXDTF2 |<=— .
SVD Tracks SVD Hits
1SVD Tracks
SVD-CDC
C]?FE;-CSkZD Tracks SVD-to- Remaining
L CDC-CKF CDC Hits
\{ Y \{
Tracks Combiner |=—»-| PXD-CKF [=-»| Track Fit
D
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Tracking Overview

« “Basically running stable”.
« Issues in tracking/Performance:
o [Fake tracks (random combination of hits)
and clone tracks (found multiple times)

fake rate by Seed 6 profile
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Christian Wessel

« Long execution time.

o Several track finding algorithms take a
long time per event.

o Track fitting is slow.

HLT timing by modules, exp=18, run=1434, N.events=1000
SVDClusterizer jgmm | ss00 /—‘ﬁk\ . Other low-time Fits not
) { shown

Muid 2
VOFinder jgmm 5 1276 = -
SVDUnpacker fmms ;0 i Final fit CDC+SVD

RelatedTracksCombiner 23600
KeepRawData 24800

ECLShowerShape s - 5100 9+9 np\s for pand K
ECLDigitCalibrator e 1 mass hypothesis
CDCHitBasedTOExtraction 31700
TFCDC_ClusterPreparer 35100 | afraction of thisis
KeepMetaData_1 L the Fitter (10-20ms)
Ext
TOPReconstructor

ECLCRFinder
Combined_DAFRecoFitter
CDCToSVDSpacePointCKF_backward
TFCDC_SegmentFinderFacetAutomaton
TFCDC_AxialTrackFinderLegendre
TrackCreator
FullGridChi2TrackTimeExtractor

Time/event [ms]

« Call for help! If you are interested in Tracking
contact Thomas and Christian.



GNN-based Track and Vertex Finding Lea Reuter et al.

« Develop vertex finding using Graph Neural Networks.

» Tested different input features:

« Benchmark Graph Building — including both ADC and TDC is the
Options most optimal
. CDCHits | | Graph Edge- Trackfinding ———>  Vertexfinding

_— ;
Building Classification

- - W W

» Working together with ITIV

(Department of Electrical « Object Condensation? for Track
Engineering and Information and Vertex Finding to improve
Technology) for online Graph offline and online Reconstruction

Building and FPGA
=4 implementation

Belle I



Improving ECL Clustering on Trigger Level with Object

Condensation

« Object condensation (OC) for multi-particle
reconstruction.

o Objects and their defining properties
are condensed into one representative
condensation point.
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Isabel Haide et al.

Event Display (Barrel) - Example
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Improving ECL Clustering on Trigger Level with Object

Condensation

Isabel Haide et al.

« Energy resolution and efficiency of basf2 still outperforms OC, especially for low-energy photons.
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Belle I

o Improvements through tuned network architectures and optimized trainings.

Relative Energy Difference

Photon Energy: [0.1, 0.2] GeV

OC Fit Parameters:

N = 49139.0

u =-0.046, 0 = 0.123
n = 10.25, a =1.17
n,=2.18,a,=1.54
FHWM: 0.289

basf2 Fit Parameters:
N = 48353.0

u = 0.006, o = 0.032
n; = 3.56, a; = 1.47
n=7.41,a- =074
FHWM: 0.081

—— basf2 Fit

OC Fit
[ basf2
1 ocC

-0.4

1.00+

0.951

Ncorr. pred/Ntrue

0.801

o
©
o

o
[o0]
o

Efficiency (barrel)

J J J J 2
p—e— '

H+ OC
HH  basf2

0.2 0.4 0.6 0.8 1.0
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Clustering Energy Depositions in the ECL using GNNs

Florian Wemmer et al.
. using Graph Neural Network on 9x9 cluster of crystals

e train on features: Energy, time, Pulse shape, crystal coordinates

e good discrimination between signal and background cluster
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Clustering Energy Depositions in the ECL using GNNs

Florian Wemmer et al.

e 17% improvement in resolution over basf2 algorithm
e next steps:

. . g x104
o investigate feasibility for basf2 - — ——m———
(= I . ) Full Detector )
o tests ondata S .4 Belle Il (Simulation) p, €101 1,575 ]
. = 1 : 5]=¢
o technical paper o i 200000 events
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Representation of Decay Relations in Hyperbolic Space

Boyang Yu

« Proof of concept: prediction of decay channels from final state particles for toy MC.

|

Transformer
Encoder

Depth 1 (Sample 1)

|

el

J / ¥ K\+ Y ]/ Depth 2 (Sample 2)
. Hyperbolic embedding works for the oF o= ¥ IE* ;, ;, Depth 3 (Sample 3)

representation of decays

Each particle carries 12 features (Bold for reconstruction part)
R PDG, mass, charge, energy, production time, X, y, z, px, py, pz, nDaughters 45

Belle IT



The framework
works with the
modes:

D** -» [D® -» K- m*]m*

N - pr
K=
[ 23nmv][v & 1w]

Fit mass distributions
for each weighted
performance mode
and compute
sWeights and
signal-like
histograms.

Belle I

Systematics Framework

Sviatoslav Bilokin

Ntuple production workflow for Weighted models:

GRID Systematics

skimming job

®

Run main ntuple production
Write down all necessary variables
PID, cosTheta, p, nTracks,... + binned M

Supports multiple projects submission

e Based on b2luigi with gbasf2 support
o Many thanks to the developers!

.

Merge ‘{-' KEKCC

/ ntuples
Fit distributions
e For weighted
studies only
e Binned mass fit
e RooFit
e Compute sWeights

Create
benchmark
distributions

ik

T Local DB

User scripts

16




Systematics Framework Sviatoslav Bilokin

e PID resampling
o ROOT files from the PID KDE fit are used to

 Interactiion with PIDVar sample the data-like PID on MC.
o Produce the weights in a notebook and 10 10
. . ¥ Nominal MC PID
immediately apply them to MC ntuple. - s Sampled data-kePID | | = v
- Efficiency_test 321 g2 Fake test 211 321 - ' I X y - o ’ * * 4 Ia
o 113 a  |® ¥
25 &= g 0.7 X % : g 0.7 1
z' ] z'
20 20 2 2
0.6 A 0.6 &
@© 15 © 15
10 = 10 0> . L v Nominal MC PID
A Sampled data-like PID

<}
F=
o
sy

05 > 05 0.5 1.0 1.5 2.0 2.5 3.0 "~ -0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

p cosTheta

0.0 0.0
00 05 10 15 20 25 30 35

Added a possibility to integrate other types of studies
Processed proc12 + all buckets up to 25th + s-proc’s
Introduced PID KDE Fit in LHCb fashion

Integration of Lepton ID modes is in progress

Create meta-variables in basf2 fashion

Duplicate dataset to other servers, e.g. BNL or DESY
Integration with B2Production framework

Integration with basf2 and b2conditiondb

e Multidimensional PID Fit
o Fit PID as function of (p,cos6,...)

XNXNXNXYSNSS

Belle I




Workflow Management in HEP

Single executable, full analysis automatized and portable

Grid (LSF) 1/ab skim 100/fb

Gbasf2 loop for neutral, charged BB

loop for
1/ab

qq

skim 100/fb

splitin batches

Basf2,
Batch loop &

(KEKcc)

BB reconstruction

splitin batches

qq reconstruction

channel-specific
selection cuts

merge &
prepare fit data

Belle IT

extract fit shapes

channel-specific
selection cuts

merge &
prepare fit data

2D fit (dE,R2)

Caspar Schmitt

results/qrBin6-signal
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Workflow Management in HEP Caspar Schmitt

Single applications:

Luigi Snakemake
» developed by Spotify, open sourced » developed at Uni Duisburg-Essen
» Python syntax » Custom Python-based syntax
» target based » target based
» integrated analysis code and WF logic  » Analysis code and WF logic factorize
» focus on dynamic DAG visualization » focus on environment management

and remote execution support and remote execution support

\4
\4

automatised job steering on LSF and automatised job steering on LSF and
KEKcc. .. KEKcc. ..

Server-based: e.g. Reproducible Analysis Platform developed by CERN.



Distributed Computing at Belle Il

Michel Villanueva

o DIRAC pilots allow to integrate heterogeneous computing resources with a single interface (gbasf2).

gbasf2
, 4 i Web Ul
- Broduction client tools ) ( e J
, “ Management
.\ ; I .
A y [ Fabrication Monitor
ODIRAC Transformation System
Yy
VMDIRAC WMS
- &P
Cluster
Cloud
\ DIRAC I/F
VCYCLE Slave
Sl = Services
9

e Periorities on development during LS1 presented.
D

- I~

Belle IT

Cumulative Jobs by JobType
36 Weeks from Week 52 of 2021 to Week 37 of 2022

1.5 M jobs per week Analysis

50

40 4
2
o]
= MC production

20 +

10

0 L=
Jan 2022 Feb 2022 Mar 2022 Apr 2022 May 2022 Jun 2022 Jul 2022 Aug 2022 Sep 2022
Max: 53.6, Min: 0.10, Average: 26.5, Current: 53.6

@ User 35.2 O RawProcessing 20 W UserScout 04 W MCProductionBGx0 01
O MCProduction 11.0 B MCSkim 09 B Test 0.3 @ unknown 0.0
@ Merge 3.0 W DataMerge 0.6 @ DataSkim 0.2

Generated on 2022-09-16 12:34:43 UTC
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Belle Il Grid Computing Developments at KIT

Moritz Bauer et al.

« Dynamically providing up to 17k cores, 2k of those to Belle II.

o Always looking for sites interested in joining!

s ~
' = w BonnTier3 ) & Bonn HPC
5 (BAF) . (BONNA)

J

N
2 Y KIT HPC
5 (HoreKa)

HTCondor-CE
CMS cloud-htcondor-ce-1-kit
/. RLICE Bel/eH
GridKa

& 4 4
a
)
ATLAS Heb HTCondor-CE = . ?
EXPERIMENT ) loud-ht d 2_kit o KIT Tier 3 ,
s cloud-htcondor-ce-2-ki :} (TOPAS)
L i 4
t int N
BTy POTS J» LMU Munich 4% Munich
OpenStack ' C2PAP
J

Belle I



Belle Il Grid Computing Developments at KIT

Moritz Bauer et al.

e Why caching?
o Some sites and some datasets are in higher demand than others.
o Sometimes sites fail while SE is still functional, leading to waiting jobs at remaining sites.

cccccc

setup using xRootD. A1 NN N S - P
o  XRootD is not supported g - I i
on all sites but HTTPS I l . . l i
oo | ' “IIIIIIIII
]

e Implemented caching

ootd_file.keyword

iq

is almost universal.

AENERRNNENRNNNNNNNNNENNRNRENRNRDDDR
O Trying to Come up ckground Files r .BzckgruundFe\esD ’

® 8a

with solutions for an
HTTP(S) redirector plugi 25,970 10.98TB
piugin. Unique files Data added to cache
e Monitoring setup ) )
also available: 150,898 117.99TB
Total file hits Total transferred files

22



NAF@DESY

High Throughput Computing

o

Belle IT

Thomas Hartmann

High Performance Computing

NAF

same foundation as the Grid
« HTCondor
« HW in conjunction with the Grid
* NAF nodes with user workload optimization

Grid: a few dedicated prod roles & workflows

NAF: broad spectrum of users and groups

25 A1

Members [%]/ Group
— N
(9] o

-
o
1

1N
\>
I//

cms
atlas
ilc
fhlabs
luxe
bellel
alps
Ihcb
dfc

)
2

NAF User Group

juno

jaxosw A

others -

B
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NAF@DESY

Condor

e User access via: Cluster

o SSH: classic shell access.
o FastX: browser based X11.

o Jupyter: Interactive Python Notebooks.

e Notebook jobs start transparently in the background.

D
- I~

Belle IT

Server Options

Select Primary Group | Default v
Select GPU node [} ® [ ]
Note: The nafgpu resource is needed for GPU nodes / \
o ] Jupyter
Jupyter Launch Modus | Classical Notebook v N s
®

Job Requirements ¢.g. Macl

Extra notebook CLI arguments &.0. —-debug

Environment variables (one per line)

YOURNAME-=hartmath

FAST

Worker
Worker
Worker

Thomas Hartmann

Worker

Worker

Worker I
4

Condor

shadbws Neg/Coll

™\

1

AFS

DUST

dCache

"T

Condor Condor
Scheduler Scheduler
hadow
<R
4
J b remote ,’ k\
/ ¥ submit ’ »
¥ < » Y
WGS WGS o a0 WGS
(Condor Jupyter
-less) ° GS

7

oL

wWLCG

Worldwide LHC Computing Grid



Storage infrastructure at DESY

Christian Voss

e dCache storage offers a uniform namespace available via NAF and Grid (DESY and remote).

---------------------------------------------------------------------------------------------------------------------------------------------------------

DESY Tier 2 / Raw Data Centre 5 dCOC“e

| NAF Cluster

33—»

Scratch Space

Grid Cluster
r/w Data
Full Access
Submit Jobs NAF Setup
Submit Jobs Transfer Data

Offer fast turn around times
Grant access to the full SEs
Use central data-management

e 3 3 of experiments to store data at

D o HESSQ mwm w DESY

Belle IT
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Storage infrastructure at DESY

Belle IT

Pool groups are accessible via
paths in the namespace.

Access to directories with all

supported protocols in
Grid and NAF.

Tape still in heavy use.

o High investment but very limited running costs.
o If used correctly: good streaming performance.

1 PB of usage by Belle Il.

o Workflows for accessing Raw and Calibration

data are different.
o They may be reviewed to improve
performance.

Christian Voss

Disk Capacity for Belle Il Pool Groups /pnfs/desy.de/belle/belle2/CAL/tape

0.40PB
/pnfs/desy.de/belle/belle2/RAW/tape

/ /pnfs/desy.de/belle/belle
10PB Instances

3 Belle-ll-Central

[ Belle-ll-Local

Il Belle-ll-Raw-Tape
0 36PB I Belle-ll-ReCalibration

APB

/pnfs/desy.de/belle/belle2/DATA/belle
/pnfs/desy.de/belle/belle2/TMP/belle

‘
y
S S

L

/
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Calls for help!

- Flaming needs:

® New convenors for the Timing and Event TO group
® Both Giulia and Marko would like to step down ¢

® A new convenor for the Documentation and training group
® Kilian left the collaboration :( ¢4 ¢ &

® Note: we already contacted few persons, but we received
only “no”s

Computers are not so smart. Sometimes, they fail.
"Sometimes" x Huge Resources = "Often"
The computing system need 24 hour x 7 day care.

Please help us as a Data Production Shifter. You can book at shift.belle2.org

A nice manual is already prepared.

If you have some experience as data production shifter, please become an Expert Shifter.
The Expert Shifter training course is open.

Belle I

27



Thank you
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