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Thesis relevance

This thesis addresses the tuning of the Pythia8 Monte Carlo event generator
1] for the Belle I experiment [2], which is essential for producing accurate simu-
lations of high-energy particle collisions at the SuperKEKB accelerator. Pythia8
is a key tool for modeling processes such as parton showers, hadronization, and
multiple parton interactions. However, the accuracy of these simulations relies on
careful tuning [3] of it’s parameters to match experimental data, which is crucial
for studying rare decay processes and phenomena beyond the Standard Model.
The tuning process in this work is performed using the Professor2 package [4], a
powerful tool for multi-parameter optimization. Professor2 allows for the precise
adjustment of sensitive parameters, improving the agreement between simulated
and experimental data. This iterative process includes sensitivity analysis to
prioritize the most impacttul parameters and advanced optimization algorithms
such as grid search and evolutionary methods to refine them. By systematically
reducing discrepancies, the tuning improves the reliability of the simulations
used in the Belle IT data analyses. Ultimately, this tuning work ensures that
Pythia8 simulations closely mirror real particle interactions, supporting the
accurate interpretation of experimental results and aiding in the exploration of
New Physics (NP) phenomena. The thesis involves a comprehensive approach to
fine-tuning the Pythia8 Monte Carlo event generator , addressing both technical

and physics related aspects:
1. Technical Implementation:

e Develop and automate necessary packages, handling multiparameter

files.

e Custom bash scripts to link and automate the workflow.
2. Monte Carlo Studies:

e Conduct simulations using Pythia6 and Pythia8.



e Compare simulations with experimental data to ensure accuracy,

analyzing both at the generator level and the reconstruction level.
3. Sensitivity Analysis:

e Perform sensitivity tests [5] to identify the key Pythia8 parameters

that have the most significant impact on simulation outcomes.
4. Tuning Process:

e Compare the default Pythia8 settings with the experimental data

and previous Belle tunes.

e Refine the parameters and validate them against reference data.
5. Challenges:

e Manage computational resources using a global Grid network [6].

e Handle multi-parameter tuning complexities such as correlations

between parameters.
6. Validation and Collaboration:

e Validate results by generating Monte Carlo files shared with the Belle
IT collaboration for further testing and feedback, ensuring a thorough

evaluation.
This process helps improve the accuracy of simulations and provides better

alignment with the experimental data.

Relevance of the research topic

The Monte Carlo method plays a fundamental role in high-energy particle

physics experiments, serving as a crucial tool for both data correction and the



estimation of contributions from various physical phenomena observed in the
experiments. Numerous computational packages rely on this method to improve
the understanding of experimental results. In this context, it is essential to
ensure consistency between the phenomenological models used in the Monte
Carlo generators and the experimental data. Furthermore, selecting the most
appropriate model is critical to achieving the best possible description of the
data, allowing researchers to impose constraints on competing models. Therefore,
this research is highly relevant as it contributes to refining the accuracy and

applicability of Monte Carlo simulations in particle physics.

The aims of the thesis

The aim of this thesis is to identify the minimum set of parameters necessary
to accurately describe the hadron production process (hadronization) using data
from the Belle I International Collaboration as a reference. By minimizing
the number of parameters in the tuning list, the goal is to avoid difficulties
in multi-parameter optimization caused by correlations between parameters,
while ensuring that the selected parameters maintain sufficient sensitivity to

effectively describe the physics observables of interest.

Scientific novelty

This thesis presents significant advances in the tuning of the Pythia8 Monte
Carlo generator specifically for the Belle IT experiment. The following key
contributions highlight the scientific novelty of this work:

1. Customized Tuning for Electron-Positron Beams: This research
introduces a dedicated tuning process for Monte Carlo simulations in
electron-positron collisions, a critical area that had not been comprehen-

sively addressed in previous studies. This focused approach improves the



accuracy of simulations in representing experimental conditions, which is

essential to explore rare decay processes.

2. Implementation of a Multi-Parameter Optimization Framework:
The use of the Professor2 package for multi-parameter optimization marks
a novel approach in handling the complexities associated with high-energy
physics experiments. The sophisticated algorithms used facilitate efficient

exploration of the parameter space, leading to more reliable tuning results.

3. Comprehensive Sensitivity Analysis: The thesis includes an extensive
sensitivity analysis of Pythia8 parameters, identifying key parameters that

significantly affect simulation results.

Overall, the results and methodologies presented in this thesis contribute
valuable insights and practical advancements to the field of particle physics,
particularly in the context of Monte Carlo simulations and their application to

experimental data analysis.

Practical and experimental significance

The tuning of the Pythia8 event generator for the Belle II experiment is
essential for accurately modeling hadron production, particularly hadronization
processes. By minimizing the number of parameters while ensuring that they
are sensitive to key physics observables, the tuning process avoids complications
from parameter correlations. Using the generated data, the sensitivity of each
parameter is tested with statistical tools such as the Kolmogorov-Smirnov
and Student’s t-tests. The Professor2 package is used to identify the most
sensitive parameters. This modern approach, which adjusts multiple parameters
simultaneously through polynomial fitting, enhances both the accuracy and
efficiency of the tuning, crucial for complex models like those used in the Monte

Carlo model. After tuning the sensitive parameters of the event generator, the



agreement between Monte Carlo simulations and experimental continuum data

show significant improvement.

Approbation of the work

The research results discussed in this thesis have been shared and validated
through several important platforms. Firstly, the results were highlighted in
main meetings of the Belle II collaboration. In addition, the results were
presented at international conferences and workshops, where scientists from
around the world gather to discuss advances in high-energy physics. These
events provide a crucial opportunity to receive feedback from experts in the
field, helping to improve and refine the work. These meetings involve members
of the Belle IT experiment, who work together to evaluate ongoing research and
ensure that findings align with the goals of the collaboration. Furthermore, the
results were shared during seminars at AANL , where they were discussed in

depth.

Structure of the thesis

The dissertation work consists of 7 chapters including an introduction and
conclusion, and a list of references used. Together, it consists of 108 pages,
includes 16 tables, and 152 plots.

Chapter 1 Chapter 1 The Introduction describes the following key aspects:

1. Overview of the Belle II experiment: The Belle IT experiment at KEK
studies rare particle decays and CP violation, searching for new physics beyond
the Standard Model. It builds on the original Belle experiment with advanced
detectors and a high-luminosity accelerator.

2. Role of Monte Carlo Simulations: Discussion of the importance of MC

simulations in analyzing particle interactions and the specific use of the Pythia8



generator.

3. Tuning of Pythia8 Parameters : An explanation of the necessity of tuning the
generator parameters to achieve accurate alignment with the experimental data.
4. Application of the Professor2 package: An overview of how the Professor2
package is utilized for parameter optimization in the tuning process.

5. Significance of the Research: A summary of the broader implications of the
tuning process for studying rare phenomena and theoretical models within the

Belle IT framework.

Chapter 2 provides an in-depth exploration of the Belle II experiment,
detailing its components and functionalities. The contents are structured as
follows:

2.1 An overview of the SuperKEKB accelerator, including its design, opera-
tional principles, and its importance in enabling high-luminosity experiments.
SuperKEKB is an upgraded asymmetric-energy electron-positron collider at
KEK, Japan, designed to achieve 40 times the luminosity of its predecessor
KEKB. It aims to measure CP violation in B mesons, with a design luminosity
of 8 x 10% cm™?s7!. The Belle II detector at SuperKEKB features sub-detectors
for precise tracking, particle identification, and energy measurements, enabling
detailed studies of B meson decays. Key components include the Vertex Detector
(VXD), Central Drift Chamber (CDC), Time of Propagation Counter (TOP),
Aerogel Ring Imaging Cherenkov (ARICH), Electromagnetic Calorimeter (ECL),
and KLong and Muon Detector (KLM), arranged in cylindrical layers around
the interaction point.

§ 2.2 A description of the VXD, focusing on its role in tracking and recon-
structing particle trajectories near the collision point. VXD consists of two
components: the Pixel Vertex Detector (PXD) and the Silicon Vertex Detector
(SVD). The PXD, located at radii of 14 mm and 22 mm, uses DEPFET pixel

sensors for high-precision vertex measurements. The SVD, surrounding the



PXD, is made of four layers of double-sided silicon strip detectors (DSSDs)
arranged in a ladder structure (L3 to L6). The SVD can detect particles within
17° < 0 < 150° and reconstruct low transverse momentum particles down to a
few tens of MeV/c.

§ 2.3 Details regarding the CDC, including its function in detecting charged
particles and providing momentum measurements. CDC consists of 14,336 sense
wires arranged in 56 layers, with radii from 160 mm to 1130 mm, and is filled
with a helium-ethane gas mixture (He-C2HG6). It reconstructs charged tracks,
measures momenta, aids in particle identification (PID) through energy loss,
and provides trigger signals. The CDC operates in a 1.5 T magnetic field and
covers a polar angle range of 17° < # < 150°, similar to the VXD.

§ 2.4 An explanation of the TOP detector’s capabilities in determining the
time of flight of particles, aiding in particle identification. The TOP detector is
a key part of the PID system, located in the barrel region of Belle II. It consists
of 16 quartz bar segments (275 ¢cm long, 2 ¢m thick) at a radius of 1200 mm.
Particles emit Cerenkov light when traveling faster than the speed of light in
quartz. The emitted photons are captured by photomultiplier tubes (PMTs),
with a time resolution of 100 ps, allowing for precise particle identification by
measuring the velocity and mass of the particles.

§ 2.5 A discussion of the ARICH detector, highlighting its role in identifying
charged particles based on their velocities. The ARICH detector, located in
the forward endcap of Belle 11, identifies charged particles (pions and kaons) in
the momentum range of 0.4 to 4 GeV/c. Using a double-layer aerogel radiator,
it achieves better than 4 separation between kaons and pions. The ARICH
system also discriminates between pions, muons, and electrons below 1 GeV/c,
aiding in heavy flavor tagging. It works alongside the TOP counter for particle
identification in the forward and barrel regions.

§ 2.6 An overview of KLM design and its role in particle identification at

the Belle II experiment The KLM detector, located beyond the ECL, identifies



KOL mesons and muons while serving as a magnetic flux return for the Belle
IT solenoid. It consists of iron plates and RPC superlayers, providing efficient
detection and high background resilience, particularly in the barrel and endcap
sections.

§ 2.7 An overview of the ECL in the Belle IT experiment highlights its role in
detecting photons and neutral particles with high precision. Comprising 8,736
CsI(TI) crystals, it provides excellent energy resolution and serves as a primary
trigger source, significantly improving particle identification capabilities.

§ 2.8 A summary of the Belle IT software framework, detailing the tools and
systems used for data acquisition, processing, and analysis.

Chapter 3 provides a comprehensive overview of the Pythia8 Monte Carlo
Event Generator, focusing on its functionalities and key concepts. The contents
are structured as follows:

§ 3.1 An overview of hadronization in Pythia8 shows the use of the Lund
String Model to simulate the transformation of quarks into hadrons, with ad-
justable parameters for tuning. Tuning and customization in Pythia8 highlights
its flexibility in adjusting key parameters to match experimental data.

Chapter 4 An overview of the tuning procedure in Pythia8 uses the
Professor2 package for multi-parameter optimization, focusing on minimizing
discrepancies between Monte Carlo and reference data. Parameters are sam-
pled, Monte Carlo samples are generated, and interpolation via a characteristic
polynomial is used to refine the model for better agreement with experimental
observations.

§ 4.1 This section outlines key observables used in the tuning process for
SuperKEKB'’s electron-positron collisions. The focus is on the off-resonance
data, which is essential for studying background processes and continuum events.

§ 4.2 An overview of the sensitivity check involves using normalized residuals
to compare observed data with model predictions. Deviations greater than two

(standard deviation) indicate statistical significance, while consistent shifts

10



suggest systematic discrepancies between distributions.

Figure 1 Sensitivity checks (varying parameters from their default values)

We performed a two-sample test to compare event variables. Plots showe
deviations around zero, with deviations less than two indicating no significant
difference. Deviations greater than two suggested statistically significant differ-
ences, and consistent shifts in one direction indicated a systematic shift between
the distributions.

8 4.3 An overview of the Professor Il method emphasizes its shift from
manual tuning to automated, parameterization based optimization. By fitting
polynomials to the generator’s response for each observable bin. Professor Il
constructs a goodness of fit (GoF) function, which is minimized to find the
optimal parameter vector. The process is efficient, requiring only a few days to
generate reference data and minutes to derive optimal parameters. The weighted
X2 function is used to evaluate the goodness of fit, adjusting for the significance
of different observables. This method significantly improves tuning speed and

accuracy compared to manual approaches.
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8 4.4 Beam background introduces discrepancies in key observables, with
our evaluation showing an approximate 10% discrepancy.

8 4.5 The section shows 2D scatter plots of key Pythia8 parameters, illus-
trating the initial sampling phase. These parameters, controlling hadronization
and quark-flavor transitions, are optimized to improve the match between the
simulation and experimental data.

8 4.6 This section discusses the use of envelope plots to visualize the range
of values for each parameter in the tuning process. Critical observables include
Fox-Wolfram moments, thrust, visible energy, missing energy, and missing
momentum.

The plots, generated with the Professor2 tool, show the area encompassing
observable distributions within the chosen parameter ranges. The results confirm
the adequacy of these ranges, as the envelopes largely cover the reference data,

with some minor deviations due to the maximum fit achievable with Pythia.

Figure 2 Comparison of the envelope fits to the reference data for the thrust,
visible energy , and Fox-Wolfram moment distributions.
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The figures show that the envelopes cover most of the reference data, con-
firming the parameter ranges are suitable. Some gaps occur due to the maximum
fit achievable with Pythia.

§4.7 This section details the comprehensive Pythia8 tuning validation process
conducted for the Belle IT experiment using the Professor2 package. The tuning
approach began with a comparative analysis of Monte Carlo events, examining
quark flavor dependencies @, dd, s3, c¢, and others, along with leptonic events
(ete™, putu~, etc.)—displayed in stacked histograms to observe the influence of
different quark contributions.

§4.7.1 This section describes the first-stage Pythia8 tuning using three
observables: thrust, inclusive charged particle momentum spectra, and the
number of tracks per event. The tuning process, validated with Professor2,
addressed statistical robustness and parameter correlations, achieving close
agreement between tuned and reference distributions.

§4.7.2 In this stage, the visibleEnergyOfEventCMS variable was added to the
observables for tuning. The tuning performed by using a Sth-order polynomial,
achieved excellent agreement between tuned and reference distributions.

Chapter 5 This section outlines the dataset used in the analysis, consisting
of experimental data from SuperKEKB and Monte Carlo simulations generated
with Pythia&8 . It discusses the comparison between MC and experimental data,
and the use of the Professor2 package for tuning simulation parameters. Specific
parameters for simulating light and heavy quarks are also provided.

5.1 This section describes the event selection criteria used in the analysis to
ensure high quality data. It outlines cuts for "good tracks", "good clusters",
"minimum numbers of tracks and clusters", "visible energy", and "momentum
balance". These criteria help isolate significant physics events, reduce back-
ground noise, and improve the signal-to-noise ratio, ensuring that the analysis
focuses on relevant events for the study.

5.2 This section compares event shape variables between the Pythia6 [7]

13



and Pythia8 Monte Carlo generators, highlighting differences due to updates in
hadronization, parton showers, and parton interactions in Pythia&. It explains
that the default parameter values of Pythia6 and Pythia8 differ significantly,
leading to discrepancies in event shape distributions. A Table of Correspondence
(ToC) was used to align the generators, improving the consistency of the distri-
butions between the two.

5.3 This section compares the "old Belle" and "Belle-Note-780" tuning
parameters for the Pythia6 Monte Carlo generator. The comparison aimed to
assess the impact of these tune differences on the generated Monte Carlo events.

§5.4 This section compares Belle II MC data with the "old Belle" Pythia6
tune to show how updates in Belle IT simulations improve comparison with Belle
IT data.

§5.5 This section compares Belle IT simulations with the Belle-Note-780
Pythia6 tune, showing significant differences in distributions and highlighting a
lack of agreement with Belle II MC data.

§5.6 This section compares standalone Pythia8 Monte Carlo simulations
with Belle experimental data, focusing on differential cross sections for pions,
kaons, and protons. Simulations use Belle-specific beam configurations, angular
acceptance, and momentum constraints to replicate experimental conditions.

Chapter 6 This chapter focuses on comparing standalone Pythia8 Monte
Carlo (MC) simulations with experimental data from Belle.

6.1 Before proceeding to the main tuning stage, several algorithms were
developed and automated.

6.2 This section validates the tuned Pythia8 parameters [8] M. G. Hazaravard,
"Pythia8 MC Tuning Validation Using the Professor2 Package," *Mathematical
Problems of Computer Science™, DOI: https://doi.org/10.51408/1963-0112.,
showing improved agreement between the new Monte Carlo samples and the
experimental data, improving the simulation accuracy for Belle II analyzes. The

obtained results were regularly presented at collaboration meetings. Monte
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Carlo events were generated by collaboration members, who set the tuning pa-
rameters and values we suggested. Using our tuned parameters, the Belle Il
Data Production group produced a sample that has been analyzed by different
physics groups within Belle Il for various studies. For validation, members
conducted their own studies on the variables of interest. An example was studied
by Sen Yan. Comparisons of old MC, new MC, and data were based on the

process ete- » D+K*°D(*+ using old datasets and our dataset.

80

visibleEnergyOfEventCMS

Figure 3. Validation results of thrust, Fox-Wolfram moment, and visible energy
distributions comparing data, NewMC, and OldMC.

Main results

The tuning of Monte Carlo parameters in the Pythia8 event generator
significantly improved the agreement between the simulated off-resonance Monte
Carlo data and the experimental continuum data. Several key observables

were analyzed to assess the effectiveness of the tuning procedure. The results
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are summarized as follows: Initially, the off-resonance Monte Carlo simulation
exhibited a notable discrepancy from the continuum data. After tuning, the
simulation showed improved agreement with the continuum data, confirming
the effectiveness of the tuning. As a result of this process, the tuned parameter
values for the simulation were obtained. These values, shown in the table, reflect
the optimal configuration achieved after the extensive tuning procedure, offering
the best possible agreement between the simulation and experimental data.

The tuning of Monte Carlo parameters markedly improved the agreement
between simulated off-resonance data and real continuum data across multiple
observables, including charged particle multiplicity, track counts, thrust, R2 dis-
tributions, missing momentum, missing energy, and visible energy distributions
in the CMS frame.

Figure 4. Charged particle Figure 5. Charged particle
multiplicity before tuning. multiplicity after tuning.
Figure 6: Number of tracks per Figure 7. Number of tracks per
event before tuning. event after tuning.
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Figure 8 Thrust distribution
before tuning.

Id

Figure 10: R2distribution before
tuning.
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Figure 9: Thrust distribution
after tuning.



Figure 12: Figure 13

MissingMomentumOfEvent MissingMomentumOfEvent
distribution before tuning. distribution after tuning.
Figure 14: Figure 15:
MissingEnergyOfEventCMS MissingEnergyOfEventCMS
distribution before tuning. distribution after tuning.
Figure 16: Figure 17:
VisibleEnergyOfEventCMS VisibleEnergyOfEventCMS
distribution before tuning. distribution after tuning.

This comprehensive tuning procedure highlights the effectiveness of the
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optimized parameters in improving the fidelity of Monte Carlo simulations for

continuum event characteristics in the Belle II experiment.

Conclusion

The tuning process for the off-resonance Monte Carlo (MC) simulations has
significantly improved the agreement with experimental continuum data across
key observables such as Thrust, Fox-Wolfram moment, charged particle multi-
plicity, and track numbers per event. Additionally, the tuning effectively aligned
visible and missing energy distributions with experimental results, demonstrating
consistent improvements across the energy spectrum. Validation comparisons
with experimental data across multiple key observables indicated that the newly
tuned MC parameters better reproduced the shapes and distributions than
previous settings, confirming the tuning’s robustness and reliability. While the
tuning process has proven successful for off-resonance data, future work is needed
to refine parameters for on-resonance scenarios, as certain resonance-sensitive
observables did not show similar improvements. Collaborative validation efforts
underline the necessity of tailoring tuning procedures to the specific datasets,
emphasizing the complexity of optimizing Monte Carlo simulations for different

experimental conditions.
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PYTHIA8 Unuwnb Ywnnh gtutipwwnnph wuwpwdtwnptph upgquptpnodp (tuning) Pyt
2 ghwnwthnpéh hwudwnp

Udthnthwghp

Uu wwmblUwpununipijntup  Udhpwéd £ Pythia8 Unuwnb Lwnin  wwuwunwhwpUbph
gGuGpwwnnph Ywpgwptpdwup Belle Il ghunwthnpdh hwdwp, npu wuhpwdtpn E
SuperKEKB wpwgquwgnighsntd  hpwywlwgynn pwnén Eubpghwywl  Jwulhyutph
pwhunctdutinh 62gnhuin uhunywghwubph uintnédwl hwdwn: Pythia8-p Ywnplnp gnnpéhp
E wpngbuutph dJnnGudnpdwlu  hwdwp, hUswyhuhp GU hwnpnuhqughwu W
wwpunnUwyhU thnpuwgntgnupncuutpp: Uwyuwyu, wju uhdngwghwubnph é2gnpunnipincup
Jwhuwé £ ugn dnnbGuGpnud wnw wqwun wywpwdtGunptph wnpdtputphg, npwtugh
npwug ogunwgnpédwdp Unuwnb Lwn|n uhdnLgpwghwutpp uywpuwagnptu
thnpdwpwpwywu  inyuubpp: Whiwwnwupnd  YwpgwptpdwUu  gnpdpupwgl
hpwywluwgytiy E  Professor2z thwpbtph Jhgngnd, npu  oquwgnpéynud
pwaquwuwwnpwJdtunpuwihu  owywunhdwwgdwl hwdwnp: Wu gnpdpupwgp Ubpwnnud E
wwpwdbwnpbph qguyniunygywt yGpinwdngnlt™ wnwidt] gqguwnitl wywpwdJdGunptphu
wnwobwhbGppnLpintu tnnwint hwdwpn: Upryndupnud Uwigbigyt) Gu thnpowpwpwywu W
gbUGpwgdwd nyuwutph wuhwdwwwwnwupiwunwentuutpp™ wwwhndtbiny Pythia8
gGUGpwwnnph  wnwdt; hnuwh  whuwnwupp:  UnGUwhununigywu hhdbuwwu
Uwywuwnwylu E npn2tp uJwaqwanyu wwpwdbGinptph punwdp, npu - wUuhpwdtuin E
hwnpnuutph wnwywgdwl gnpépupwgh (hwnpnuhqwghwh) 62gnhuin UYwpwgpJwu
hwdwp® Belle 1l dJhpwggwihu hwdwgnpdwygnipjwl  wnyjwjutph  hhdwl  Jpw:
NMwpwdGuinpph gwuyp  udwgbgubine  Jhgngnd  hUwpwdnp £ puncuwihby
pwquwuwwnpwJdtunpuwihu owywunhdwjwgdwu pwpnnipintuutphg, npnup wnwywunwd Gu
wwpwdtwnptph  thnpujwwwygywénipintuhg:  Whuwwmwupp Ubpwnnd £ Jh 2wpp
Unpwpwpwywl Uninbignudutp® Pythia8 gbubGpwuwnnph upgwpbpdwu hwdwwnbpuwnnud:

¢« Pwgdwwwnpwdtwnnpuwyhlu owunhdwwgdwl anpdhpwywaquh Uphpwnnd
Professor2 thwpbtph Jhgngny hpwywlwgytb] £ ywpwdbGnpbph nwpwénipjwl
owunhdw| nLuncduwuhpnepiniU:

o Qwdwwwnthwy qgguwniunipjwl  JGpinwdnpintl™  Pythia8-h  wywpwdbuinnptph
wgnbtgnipjwt  Jwupwdwul  nwuncduwuhpnyeindy,  npu wwwhnynud  E
Ywnpgwptpdwl wnwybiwanyl wpnynluwybGunnopynaup:

UnbUwpunungintup pwnugwdéd £ 7 gliuhg  UGpwnywyp  UGpwénpinlup W
Gapnwywgnipjncup: Cunhwlunwp w2huwwinwbpp UGpwnned £ 108 Ep, 16 wrnynruwy W 152

anwdbhy:
Qnihu 1-n1d GEpwdnpjwl hhduwywUu pwnwnphgutnu Gu°

* Belle Il thnpsh Uhwpwaghpp W npw ntpp Jwuthyutiph $hghuih quipgugdw
UUQ:

« Unuwnbt Ywnn updnywghwutph Ywplnpnogyntup thnpdwpwpwywu inyjwutph
JtpnLénpywu hwdwin:

+ Pythia8 qgbubpwuwnnph Jwpqwptpdwl wUuhpwdtbunngpinltup thnpowpwpwywl
ngwiutnhu hwdwwwwnwupuwubgubint hwdwn:

+ Professor2 thwpbph yhpwnndp Ywpgwptndwu gnpdplupwgnd:

22



o  Whwwnwuph ghwnwywlu W gnpdUwlwl  Lpwlwynipjntup  hwgqywgnn
Gpl.nypUtph nLuncduwuhpnipjwl hwdwwnbpuwnnid:

Ginthu 2-nud - UGpYuwywgynd £ Belle 1l ghnwhnpdh  Ywnnigwodpp SuperKEKB
wpwawgnrgshg UhUgzle nGunGynnputph hhduwywu pwnwnphguGpp (VXD, CDC, TOP
ntGntyuinnp, ARICH, KLM W wyu) W dpwagnpuwhu 2pgwuwyp:

QnLtfju 3-p Jwupwdwul Uywpwagnpnud £ Pythia8 Unuwnbt Ywnin gbUGpwwnnpp, npw
Ywpgwptpnudubph, hwnpnuwgdwu W Lund String Unntiih Yhpwnnipgyndup:

QnLtfju 4-nud uGpyuwywgywd £ YwpgwpbpdwUu gnpbdpUupwgp Professor2-h Udhgngny,
qawjnctunpywl - unngnudupt nL WwpwdbGinptph  owywunhdwiwgnudp:  Swppbn
YwnpgwptpnudutGph  hwdwp  ogwnwgnpéynud  Gu 2D gbwwwwnytputp, Jnnbih
hwJdGdwuwunnipynlultp W yupgqwpbGpdwU hwdwp uwplenp thnthnpuwywiuutn:

QnLhu 5-p yGunnpnuwunwd £ injuutph hwjwpwagpdwl, punpnipgjwl W Pythiab W
Pythia8 gtubpwuwunnpubnh hwdtdwuinnipjwu ypw:

QnLju 6-nd ubpywywgynd £ wpgwpbtpwé W hnpdwpwpwywu  ngjuutnph
hwdJdGJwunnipinLup:

Uu wpryntupubpp hwuwnwuinnud  Gu, np &2apndwd  wywnpwdbwnpbpp  qawhnptu
pwnaopwgunud  GU  updniywghwh  hwdwwwwnwupiwuncpintup  thnpawpwpwyw
nyjwiutpphu, Ywplenp hhdp nutin hGunwagw JGpinwonipynluubph W nGgnuwluwyhu
ntwpbnh 62gnunnudutph hwdwin:
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HacTtpouka (tuning) napameTrpos reHepaTopa cob6biTunn Monte Carlo PYTHIAS
ana skcnepumeHnTa Belle Il.

Pe3siomMme

duccepTaums nocesweHa HacTpowke napameTtpoB Monte Carlo reHepaTopa cobbiTun
Pythia8 pna nposBefeHWs TOYHbIX CUMYNALWUA BbICOKOSHEPreTUYeCKUX CTONKHOBEHUN
yacTuuy Ha yckoputene SuperKEKB. Pythia8 urpaeTt Ba)kHytO pOsb B MOAENPOBaAHUU
MpoLEeCcCoB, TakKUX Kak aApoHM3auMs M B3anmMopencTemsa naptoHa. OAHakKo TOYHOCTb
CAMYNAUMUA  3aBUCUT OT HaCTPOMKWM MNapaMeTpoB reHepaTtopa 4SS COOTBETCTBUA
3KCMepuMeHTa bHbIM AaHHbIM.

MNpouecc HaCTPOMKW BbINOJHEH C WUCNONAb30BaHMeM nakeTa Professor2, kKoTopbin
NpUMeEHAeTCA ANA MHOronapamMmeTpuyeckon onTumMmmsaumm. Hactporka Bkao4ana aHanms
4yBCTBUTE/IBHOCTM MNapamMeTpoB, 4TO MO3BOAUAO onpepenntb Hanbonee 3HayMMble
napamMeTpbl U YMEHbLWNTb PACXOXAEHUS MeXAy 3KCNepuMeHTasIbHbIMA AaHHbIMU W
pesysbTaTamm cumynsaumm, obecnedme bonee HagexHyto paboTy reHepaTopa Pythia8.

OcHoBHble uenn paboTbl

1. OnpepeneHme mMmHuManeHoro Habopa napameTpoB, HeOBXOAUMbLIX ASA TOYHOrO
OMMCaHMA npoLecca agpoHM3aunm.

2. CokpalleHne Crnmcka napamMeTpoB C Uenblo NpenfoTBpalLeHUs C/OXKHOCTEeN
MHOronapamMmeTpm4yeckon ONTUMN3aLmMn N3-3a NX KOPpenaumn.

Hay4yHasa HOoBM3Ha

1. MpnmeHeHne Professor2 ana ontuMmusaumm napameTpos, 4To obecnedymno 6onee
3hbhekTMBHOE ccnenoBaHne NPOCTpPaHCTBa NapaMeTpos.

2. AHann3 4yBCTBUTENIBHOCTW NapameTpoB Pythia8, 4TO NO3BOAMAO BbLIABUTL WX
BJIMSHME Ha TOYHOCTb CUMYJIALMNA.

dvccepTaums cocTtonT M3 7 rnae, BKJOYas BBeAeHME N 3akodeHne. O6wmn obbem
paboTbl — 108 cTpaHuu, BkaoYaowmx 16 Tabnamy n 152 rpaduka.

* [naBa 2 onucbiBaeT 3kcnepumeHT Belle Il 1 ero OCHOBHbIE KOMMOHEHTHI, BKAKOYada
yckoputenb SuperKEKB, getekTopsl (VXD, CDC, TOP, ARICH, KLM) n nporpammHoe
obecneyeHue.

* [naBa 3 noapobHO paccmaTpuBaeT reHepaTtop Pythia8, Bknaw4aa npouecc
agpoHm3aunm n npmmeHeHune mogenn Lund String.

* [naBa 4 nocBsLEeHa NPoLEeCcCy HAaCTPOMKM C NCMOoNb3oBaHMeM Professor2, Bkaoyas
MPOBEPKY YYBCTBUTENLHOCTU NapamMeTpoB, UX ONTUMU3ALUIO N aHAIN3 KJTKOYEBLIX
HabngaeMbIX BEINYUH.

* [naBa 5 KOHUEHTpMpyeTCca Ha CpaBHEHUM AaHHbLIX reHepaTopoB Pythiab n Pythia8,
a Tak>XXe Ha aHanm3e cobpaHHbIX AaHHbIX.

« TnaBa 6 npeacTaBAdAeT CpPaBHUTEsIbHBIA aHaNWU3  JAaHHbIX CUMYyNaUUn 1
3KCNEepUMEHTAasIbHbIX AaHHbIX, NOATBEpPXAasf YAy4dlleHWe COOTBETCTBUA Mocne
HacCTPONKW.
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Pe3ynbTaTbl HaCTPOMKM MoOKasanan, 4YTO oOTkKanmbpoBaHHbIE napaMeTpbl reHepaTopa
Pythia8 3Ha4ynTenbHO MNOBLICUAM TOYHOCTb CUMYJIALMNNA HEPe3OHAHCHbIX COBbITUN, Y4TO
co3paeT OCHOBY AN [ajlbHEMWMX WCCNefoBaHUW, BKAOYas HACTPOUKY Ans
pe30HaHCHbIX MPOLLECCOB.
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