Optimising top-quark pair-production
threshold scan at CLIC
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Motivation

Threshold scan is
assumed to be the most
precise method to
determine the top quark
mass.

Baseline scenario
assumes 10 scan points
with 10 fb-1 each

H.Abramowicz et al. (CLICdp Collaboration), Top-Quark Physics at the CLIC Electron-
Positron Linear Collider, JHEP 11 (2019) 003, arXiv:1807.02441,
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Motivation
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Motivation
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ross-section templates
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Luminosity spectra
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Theoretical cross section templates are convoluted with luminosity spectra
New CLIC spectra for 350 GeV is scaled for different values of Vs
90% charge spectra used for presented results
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Benchmark scenario

Assume 10 measurements at the threshold, with 1 GeV step in energy,
with 10 fb* taken at each energy point (100 fb* total).

0.45

0.4

0.35}

340 342 344 346 348 350
E IGeVI

Generate statistical fluctuation assuming 70.2% event reconstruction efficiency

and background level (remaining after cuts) corresponding to the 73 fb
K. Seidel et al., Eur. Phys. J. C 73 (2013) 2530 [arXiv:1303.3758]
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L FIit procedure

For each generated data set (pseudo-experiment)
w4 value Is calculated for different parameter values
(different templates)

Quadratic dependence of the % value on the model
parameters is fitted to find the best fit parameter values
and the estimated uncertainty (corresponding to Ay=1)

Fits resulting in the parameter values outside the range used to
generate templates are ignored.

More details on the fit method: Proc.SPIE Int.Soc.Opt.Eng. 11176
(2019) 1117648, CLICdp-Conf-2019-011
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Baseline Fit Results
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Fit configuration
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arameter constrains
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alalm eter constrains
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Statistical uncertainty on top-quark mass @B

vs Yukawa and strong coupling uncertainties
from independent measurements
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Genetic algorithm

genotype phenotype

codes for

—
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ol Genetic algorithm ®

Each measurement point makes a chromosome.
We assume total luminosity is always 100 fb™*and is equally

distributed.
Genotype Phenotype
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Fits resulting in the parameter values outside the range used to generate
templates are ignored.
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reating new individuals

Randomly choosing parts of parents genotype and
add random mutation +/- 0.5 GeV

Patemal Chromosome

“‘\} B

Matemal Chromosomea

+ DNA replication Crossing Over

Hecombination between 2 homologous chromosomes

We add 5% chance to drop any of measurement points.
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Mass and Yukawa

optimization
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New scenarios
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Influence of luminosity spectra
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Conclusions

Top-gquark mass

can be extracted with ~25 MeV statistical
uncertainty even in the most general approach,

when expected parameter constraints are taken
Into account.

Scan optimization

Statistical uncertainty of the extracted top-quark
mass can be reduced by ~25%, without losing
precision in width or Yukawa determination
Results presented at ICHEP'2020

For more results see CERN-THESIS-2020-099
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Cross section deriviative [pb/GeV]
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iw (Initial) mass uncertainty

Assumed true mass value from normal distribution
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Background level uncetrainty

Change background normalization in pseudo-experiment generation by 2%
Influence on Yukawa coupling determination
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Luminosity spectra

E 1 .4 | ! ! ! ! ! | ! 1 i

O | ti threshold - 1S mass 174 GeV i rery i ! ! C ! ! 3
= 1 2 | —TOPPIK NNLO — CLIC 350 LS+ISR . % 107 & -
2 —ILC 350 LS+ISR — FCCee 350 LS+ISRH . F 3
L Q 6 B T
o 1 1 = 10°F E
w - . .E. - .
S 08| - 10° <
& | 1 L
06 —= “Ioqp .
0.4 = 103 g
0.2 based on CLIC/ILC Top Study 1 02 } i
[~ EPJ CT3, 2540 (2013) ?

D ] | i ] ] ] i | ] PN T TR NN N NN TN TN TN AN TN TN NN TN (NN TN TN NN TN NN N N M M| -l L

345 350 355 300 310 320 330 340 350

Vs [GeV] \/g [GeV]

02.10.2020 K. Nowak, A. F. Zarnecki 30

Optimising top-quark pair-production.



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30

