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Thesis relevance 

This thesis addresses the tuning of the PythiaS Monte Carlo event generator 

[1] for the Belle II experiment [2], which is essential for producing accurate simu­

lations of high-energy particle collisions at the SuperKEKB accelerator. PythiaS 

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 impactful 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 II 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 PythiaS Monte Carlo event generator , addressing both technical 

and physics related aspects: 

1. Technica l Implem entation: 

• Develop and automate necessary packages, handli ng mult iparameter 

files. 

• Custom bash scripts to link and automate the workfl.ow. -
2. Monte Carlo Studies: 

• Conduct simulations using Pythia6 ,nt' fy tl!i&3. 
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• Compare simulations with experimental data to ensure accuracy, 

analyzing both at the generator level and the reconstruction level. 

3. Sensitivity Analysis: 

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

that have the most significant impact on simulation outcomes. 

4. Tuning Process: 

• Compare the default Pythia8 settings with the experimental data 

and previous Belle tunes. 

• Refine the parameters and validate them against reference data. 

5. Challenges: 

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

• Handle multi-parameter tuning complexities such as correlations 

between parameters. 

6. Validation and Collaboration: 

• Validate results by generating Monte Carlo files shared with the Belle 

·n 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 rok in hip,h t'ncrgy particle 

physics experiments, serving as a crucial tool for hol.h cln In C'OlTN'I ion and the 
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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 II 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 II 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 
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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 
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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 II 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 II 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 

• 
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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 II 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 1035 cm-2 s- 1. The Belle II detector at SuperKEKB features sub-detectors 

for precise tracking, particle identification, and energy measurements, enabling 

detailed st~dies 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 SYD, surrounding the 
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PXD , is made of four layers of double-sided silicon strip detectors (DSSDs) 

arranged in a ladder structure (L3 to L6). The SYD can detect particles within 

17° < () < 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-C2H6). 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 cm 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 II, 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 
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KOL mesons and muons while serving as a magnetic flux return for the Belle 

II 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 II 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 part icle identification capabilities. 

§ 2 .8 A summary of the Belle II 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 

discrepanc_ies 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 
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suggest systematic discrepancies between distributions. 
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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. 

§ 4.3 An overview of the Professor II 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 II 

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 th~ significance 

of different observables. This method significantly improves tuning speed and 

accuracy compared to manual approaches. 

• 
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§ 4.4 Beam background introduces discrepancies in h.cy obscrvahlcs, with 

our ernluation showing an approximate 10% discrepancy. 

§ 4.5 The sect ion shows 2D scatter plots of key Pythia8 parameters, illus­

trating the initial sampling phase. These paramctcrn, controlling hadronization 

and quark-flavor transitions, are optimized to improve the match bei;ween the 

;imul1ttion and experimental data. 

§ '.1.6 This section cliscw;~cs the use of envdope plots to visualize the range 

or values for each parameter in the tuniug process. Critical observables include 

Fox-Wolfram moments, thrust. , visible energy, missing energy, and missing 

momentum. 

The plots, ge!lerated with the Profcs~mr2 tool, show the area encompassiug 

observable clistrib 1tions within the ehosen parameter ranges. The resuhs confirm 

the adequacy of these ranges, as tl1c envelopes largely cover the reference data, 

wit h some minor deviat ions due to the naximum fit achi(?Vable with Pythia. 

j --- .... -~~""""' ' ... 
. 1-:J ... 

... ::~ 

C-n t.1' • .'~.. '~ ;.--, .• -, - uo 

-------------0 1 .. . • .• .. 

Figur·". 2: Comparison of the envelope fi ts to the referencP data for the thrust, 
visible energy , and Fo.i-.-Wolfram moment distributions. 
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The figures show that the envelopes cover most of the reference data, con­

firming the parameter ranges arc 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 II experiment using the Professor2 package. The tuning 

approach began with a comparative analysis of Monte Carlo events, examining 

quark flavor dcpendcncies-uu, dd, ss, ce, and others, along with leptonic events 

(e+e-, µ+ µ-, etc.)-displayed in slacked histograms to observe the influence of 

different quark contributions. 

§4.7.l This section describes lhc 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 5th-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 Pythia8 . 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 arc 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] 
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and Pythia8 Monte Carlo generators, highlighting differences due to updates in 

hadronization, parton showers, and parton interactions in Pythia8. 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. 

S5.4 This section compares Belle II MC data with the "old Belle" Pythia6 

tune to show how updates in Belle II simulations improve comparison with Belle 

II data. 

§5.5 This section compares Belle II 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 Pll.Ckage, 11 *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 paran1eters, the Belle II 

Data Production group produced a sample that h&; been analyzed by different 

physics groups within Belle II 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 e+ e- --+ D"t K*0 D(•)+ using old datasets and our dataset. 

150 ---8 100 -c 

~ OldMC 

" ~ 50 

~i 
1/ ~ i :I ~~I 

~ 40 f d¥ \ w 20 ,,~I . 
'* 1, 0 ' ' •• "11•.'lHi .~ .•. __...;._y, • 

wl 1
+ 

111+1 l~ 
0 ' · · · ··-·~ ~ ....... ~ · "- 0 0.2 0.4 0.6 0.8 

foxWolframR2 
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thrust 

=r Jil I ~r r'\ 
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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 everit 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 paran1eters 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. 

~--
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Figure 4: Charged particle 
multiplicity before tuning. 
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Figure 6: Number of tracks per 
event before tuning. 
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Figure 5: Charged particle 
multiplicity after tuning. 
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Figure 7: Number of tracks per 
event after tuning. 
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Figure 8: Thrust distribution 
before tuning. 
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Figure 10: R2 dis1 ribution before 
tuning. 
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Figure 9: Thrust distribution 
after tuning. 

0 'k---or- 02 01 04 Oi Oil 01 -oa-79°---l 

Figure 11: R 2 distribution after 
1 uning. 

• 



~ 

~ 

~ 

~----.. 1 

Figure 12: 
MissingMomentumOfEvcnt 
distribution before tuning. 
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Figure 14: 
MissingEnergyOfEventCMS 
distribution before tuning. 
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Figure 16: 
VisibleEnergyOfEvcntCMS 
distribution before tuning. 
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Figure 13: 
MissingMomentumOfEvent 
distribution after tuning. 

Figure 15: 
MissingEnergyOfEventCMS 

distribution after tuning. 

Figure 17: 
VisibleEnergyOfEventCMS 
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 1/fonte Carlo (MC) simulations has 

significantly improved the agreement with experimental continuum data across 

key observables such as Thrust, Fox-vVolfram 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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HacTpoMKa (tuning) napaMeTpoa reHepaTopa co6blTMM Monte Carlo PYTHIAS 
AnR 3KcnepMMeHTa Belle II. 

Pe3roMe 

,Q111ccepTau111R nocBRLl.leHa HacTpolt!Ke napaMeTpoe Monte Carlo reHepaTopa co5b1T111itl 
Pythias AllR npoBeAeHlllR T04HblX ClllMYllRUlllitl BblCOK03HepreTl/l4eCKlllX CTO/lKHOBeHlllitl 
YaCTlllU Ha ycKop111Te11e SuperKEKB. Pythias 111rpaeT Ba>KHYIO PO/lb B MOAe11111poBaHllllll 
npoueccoe, TaKlllX KaK aApOHlll3aUlllR Ill B3all1MOAeitlcTBll1R napTOHa. 0AHaKO T04HOCTb 
ClllMYllRUlllitl 3aBll1C111T OT HaCTpoitlK111 napaMeTpOB reHepaTopa AllR COOTBeTCTBll1R 
3Kcnep111MeHTallbHblM AaHHblM. 
npouecc HacTpolt!K111 Bb1no11HeH c 111cno11b3oeaH111eM naKeTa Professor2, K0Topb1itl 
np111MeHReTCR AllR MHOronapaMeTp1114eCKOitl onTll1Mll13au111111 . HacTpolt!Ka BK/ll04a/la aHa/11113 
4YBCTBll1TellbHOCTll1 napaMeTpOB, 4TO no3B0/1111/10 onpeAe/1111Tb Ha1116011ee 3Ha4111Mble 
napaMeTpbl 111 yMeHbWll1Tb paCXO>KAeHlllR Me>KAY 3KCnep111MeHTa/lbHblMll1 AaHHblMll1 111 
pe3y11bTaTaM111 c111My11Ru111iti, o5ecne4111e 5011ee HaAe>KHYIO pa5oTy reHepaTopa Pythias . 

OCHOBHble ue11111 pa50Tbl 

1. OnpeAe/leH111e Mll1Hll1Ma/lbHOro Ha5opa napaMeTpOB, He05XOA111MblX AllR T04HOro 

on111caH111R npouecca aApoH1113au111111. 

2 . CoKpaL1.1eH111e cn111cKa napaMeTpoe c ue11bt0 npeA0TepaL1.1eH111R c11o>KHOCTeitl 

MHOronapaMeTp1114eCKOitl onTlllM1113au111111 1113-3a 111X KOppellRl..lll1111 . 

HayYHaR HOBll13Ha 

1. np111MeHeH111e Professor2 AllR onT111M1113au111111 napaMeTpoe, •ffo o5ecneY111110 5011ee 

3¢¢eKTll1BHOe ll1CClleAOBaH111e npocTpaHCTBa napaMeTpoe . 

2. AHa/11113 4YBCTBll1Te/lbHOCTll1 napaMeTpOB Pythias , 4TO no3B0/1111/10 BblRBll1Tb 111X 

B/1111RHll1e Ha T04HOCTb Cll1MYl1RU111itl . 

,Q111ccepTau111R COCT0111T 1113 7 mas, BK/llOYaR BBeAeH111e 111 3aK/ll04eH111e. 05Ll.1111itl o5beM 

pa50Tbl - 108 CTpaHll1U, BK/ll04al0Ll.1111X 16 Ta511111u 111 152 rpa¢111Ka . 

• r11aea 2 onl!ICblBaeT 3KCnep111MeHT Belle II 111 era OCHOBHble KOMnOHeHTbl, BK/llOYaR 

ycKop111Te/lb SuperKEKB, AeTeKTOpbl (VXD, CDC, TOP, ARICH, KLM) Ill nporpaMMHOe 

o5ecneYeH111e . 

• r11aea 3 noApo5Ho paccMaTp111eaeT reHepaTop Pythias, eK11t0YaR npouecc 

aApoH1113au111111 111 np111MeHeH111e MOAe11111 Lund String . 

• r11aea 4 nocBRLl.leHa npoueccy HacTpolt!K111 c 111cno11b3oeaH111eM Professor2, eK11t0YaR 

npoeepKy YYBCTBll1Te/lbHOCTll1 napaMeTpOB, 111X onTll1Mll13aUll1IO 111 aHa/11113 K/llOYeBblX 

Ha5/ltaAaeMblX Be/1111Yll1H . 

• r11aea 5 KOHUeHTp111pyeTcR Ha cpaeHeH111111 AaHHblX reHepaTopoe Pythia6 111 Pythias. 

a TaK>Ke Ha aHa111113e co5paHHblX AaHHblX . 

• r11aea 6 npeACTaB/lReT cpaBHll1Te/lbHblitl aHa/11113 AaHHblX Cll1MYl1Rl..lll1111 111 

3KCnep111MeHTa/lbHblX AaHHblX, nOATBep>KAaR y11yyweH111e COOTBeTCTBll1R noc11e 

HaCTpOitlK111. 

24 

Pe3y11bTaTbl HacTpolt!K111 noKa3a11111, YTO oTKa111115poeaHHble napaMeTpbl reHepaTopa 

Pythias 3HaYll1Te/lbHO nOBblCll1/1111 TOYHOCTb Cll1MYl1RU111itl Hepe3oHaHCHblX C05blT111itl, 4TO 

C03AaeT OCHOBY AllR AallbHeitlw111x 111cc11eAOBaH1111t!, BK/llOYaR Ha.~CP51KY AllR 

pe3oHaHCHblX npoueccoe. ~ 
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