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Particle Physics

a the Standard Model (SM) of particle physics
® world is built of elementary particles
® mesons: made of quarks-antiquark pair
® paryons: made of three quarks, e.g., proton,
neutron
a describes the forces and interactions of particles
a complete since the discovery of the Higgs Boson
("God Particle")

@ some parameters need to be measured, e.g.
masses
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Open Questions

® Where is the antimatter?

® What is the invisible mass in the universe
(dark matter)?

® |s there a universal force?

311 25.9.2024 Matthias J. Schnepf: Belle Il on NEMO

NASA picture of the day 26.7.24

KIT

Karlsruhe Institute of Technology

KIT



Belle I

411

@ Belle Il particle physics experiment at SuperKEKB
accelerator in Japan near Tokyo

& collision of electrons and positrons to create other
particles

@ clean collision events
@ B-factory: creates mostly B mesons

@ worldwide collaboration

® more than 1000 people in 28 countries
a KIT is in the top 10 of the biggest groups

& will collect 50 times more data than Belle
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Physics Analysis Workflow

@ collaboration

® record collision events =
® simulate events @
® reconstruct recorded and simulated events

® study detector and machine effects T
a

mostly done on worldwide distributed computing / N
infrastructure, so-called Grid (common resources) - )
® analyst
® select events necessary for the analysis
® analyze data, mainly compare distributions via statistical
methods Local Cluster Local Cluster | [ Desktop PCiLaptop| (Desktop PCiLaptop
—_— B B B ol
® mostly done on local/institute resources, e.g., NEMO [ J L 2 g J L 2P J { & J
(premium resources)

Grid Site

o8

Grid Site
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Physics Analysis Workflow

4500 Vs=7TeV I Ldt=002fb" Apr18,2011

@ collaboration
& record collision events

4000

Events / GeV

3500

® simulate events N ATLA:;TE:Q:?Z
® reconstruct recorded and simulated events asoob o
® study detector and machine effects 2000
® mostly done on worldwide distributed computing 1500 E
infrastructure, so-called Grid (common resources) 1000~ 3
® gnalyst *E ‘ ‘ E

200
@ select events necessary for the analysis

® analyze data, mainly compare distributions via statistical
methods 100 110 120 130 140 E) [Ge\}]o
® mostly done on local/institute resources, e.g., NEMO

(premium resources) B

cds.cern.ch ATLAS-PHOTO-2012-001

Data - Fit
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Physics Analysis Workflow

. E T T T T 3

® collaboration g 4500 Vs=7Tev | Ldt=4831" Nov 3,201
® record collision events § so0or Vs =8TeV | Ldt=20651 " Dec 8,2012

® simulate events o 0o ATLAS Prolminary

. 3000 — H->yy channel =

& reconstruct recorded and simulated events sso0E 3

® study detector and machine effects 2000F- E

@ mostly done on worldwide distributed computing 1500 3
infrastructure, so-called Grid (common resources) 1000 =

a analyst 500 3
= | 4 | | | | |

®u select events necessary for the analysis £ i

® analyze data, mainly compare distributions via statistical & °

methods -2010;‘ TTHi0 120 180 140 18p 80

® mostly done on local/institute resources, e.g., NEMO
(premium resources)

cds.cern.ch ATLAS-PHOTO-2012-001
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Flavor Physics at Belle Il

6/11

a flavor physics: study quarks and leptons and their
bounding states

® B mesons are ideal to study flavor physics

® B meson

@ easy to detect
® several hundred decays

@ precise measurement of the decays is key to
understand matter-antimatter asymmetry
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Dark Matter at Belle Il A“(IT

Karlsruhe Institute of Technology

® some theory models predict a "dark Higgs" (Higgs
boson that does not interact much with "visible"
particles )

@ electron-positron collision results in dark matter
particles and a dark Higgs boson, which decay in
SM particles

@ SM particles can be reconstructed to determine
their daughter particles’ position, momentum, and
energy

PhD Thesis Patrick Ecker
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Search for Dark Matter at Belle Il

@ PhD Thesis of Patrick Ecker (KIT)

@ compare distributions of recorded events with
simulated SM and dark Higgs events via statistical
methods

PhD Thesis Patrick Ecker
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Search for Dark Matter at Belle Il A“(IT

@ PhD Thesis of Patrick Ecker (KIT)

@ compare distributions of recorded events with
simulated SM and dark Higgs events via statistical y
methods

a Dark Higgs events can be simulated

@ seven parameters of the dark Higgs process are
not defined by models

® more than 35000 different parameter combinations
were simulated

PhD Thesis Patrick Ecker
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Search for Dark Matter at Belle Il A“(IT

@ PhD Thesis of Patrick Ecker (KIT)

® compare distributions of recorded events with
simulated SM and dark Higgs events via statistical
methods H
@ Dark Higgs events can be simulated
® seven parameters of the dark Higgs process are
not defined by models

& more than 35000 different parameter combinations
were simulated

PhD Thesis Patrick Ecker
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Search for Dark Matter at Belle Il A“(IT

@ PhD Thesis of Patrick Ecker (KIT)
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not defined by models

& more than 35000 different parameter combinations
were simulated
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Search for Dark Matter at Belle Il A“(IT
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@ PhD Thesis of Patrick Ecker (KIT)

® compare distributions of recorded events with
simulated SM and dark Higgs events via statistical
methods H
@ Dark Higgs events can be simulated
® seven parameters of the dark Higgs process are
not defined by models
& more than 35000 different parameter combinations
were simulated

® about 100 TB storage space and 1.2mil CPUh
needed

PhD Thesis Patrick Ecker
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Search for Dark Matter at Belle Il IT

@ PhD Thesis of Patrick Ecker (KIT)
@ compare distributions of recorded events with ©

simulated SM and dark Higgs events via statistical -5
methods 20 I
@ Dark Higgs events can be simulated i ]
® seven parameters of the dark Higgs process are £ 10
not defined by models g
® more than 35000 different parameter combinations i =

were simulated
® about 100 TB storage space and 1.2mil CPUh

/

BaBar

______ 2 == Higgs (Signal Strength)
needed 1075k BN LT w =100 GeV
® result 0" P
® will be published scalar mass my (GeV)

. . . Dark Hi b lliders, h d . .
a dlSCOVery Of dark nggs or (more Ilkely) new ark Higgs bosons at colliders, https://doi.org/10.1016/j.ppnp.2024.104105

exclusion limits on dark Higgs
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Computing Infrastructure

@ ysers submit jobs to Overlay Batch System

(OBS)

a different resources are (dynamically)

integrated into the OBS (several thousand
cores)

® resources provide a homogeneous software

environment via container

@ Grid storage

® accessible on all resources via Grid
protocols
& 250 TB for KIT Belle Il group
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b2luigi ﬂ(IT

Karlsruhe Institute of Technology

@ Analyses contain complex workflows and should be reproducible
@ Workflow Management Tool Luigi from Spotify
® b2luigi add Grid and Batch System support to Luigi

[ Luigi Task Visualiser x

@ % @& | [ localhost:8082/static/visualiser/index.ntml#CreateAudioStreamHistoryAnonym(test=False, date=2015-06-12) e
Luigi Task Status = Tasklist  DependencyGraph  Workers
Show task details. Show Upstream Dependencies [ Visualisation Type D3 SVG
[¢ ioStreamHistory alse, date=2015-06-12)
Dependency Graph

stesudioStreambistorynonym

Luigi, Spotify
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https://github.com/spotify/luigi
https://gitlab.desy.de/belle2/software/b2luigi

Conclusion and Outlook A“(IT

Karlsruhe Institute of Technology

@ Belle Il studies the fundamental principles of the universe

Belle I

a Belle Il at KIT does several analyses on different topics, e.g.,
flavor physics, and dark matter search

2
®

@ NEMO helped a lot to analyze data and produce simulations
® Happy to use NEMO 2 for further analysis with more data

o
8
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Peak Luminosity [x10°°cm s']
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https://www.belle2.org/research/luminosity;
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Backup
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