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Top Mass Measurements in e+e- Colliders

• The accelerator side: Requires sufficient collision energy for top pair production

• So far thoroughly studied for ILC, CLIC, some derivative studies for FCCee
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Overview

Three approaches 
to the top mass

The threshold scan

around 350 GeV

The top mass from 
radiative events

Direct kinematic 
reconstruction
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not shown in detail,  
stat: ~ 20 - 40 MeV

Key references:

EPJ C73, 2530 (2013)

PLB 804,135353 (2020)

JHEP 11, 003 (2019)
(CLIC: Threshold, 
radiative, direct)

(CLIC, (ILC): Threshold, 
direct)

(ILC, CLIC: radiative)

+ a rich set of reports and 
conference proceedings on arXiv



This talk includes material from the following people: 

(https://arxiv.org/pdf/hep-ph/0207315, https://arxiv.org/pdf/1310.0563, https://arxiv.org/pdf/1604.08122)

Plus the following papers : 

https://www.sciencedirect.com/science/article/pii/S037026932030157X?via=ihub
https://arxiv.org/pdf/1902.07246.pdf
https://link.springer.com/article/10.1140/epjc/s10052-013-2530-7
http://cds.cern.ch/record/2728555?ln=pl
https://arxiv.org/pdf/hep-ph/0207315
https://arxiv.org/pdf/1310.0563
https://arxiv.org/pdf/1604.08122


Let’s start with:

…because also in 
the lifetime of the 

ILC would be 
convenient to start 

with this 
measurement of the 

top-quark mass

PLB 804,135353 (2020)

https://www.sciencedirect.com/science/article/pii/S037026932030157X?via=ihub


Mass from Radiative Events

• A new(er) idea to measure the top mass 
in a theoretically well-defined scheme in 
high-energy running above the threshold
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At CLIC, ILC - 380 and 500 GeV

can provide 5σ 
evidence for scale 
evolution (“running”) 
of the top quark MSR 
mass from ILC500 
data alone

matched NNLO + NNLL calculation, 
luminosity spectrum folded in explicitly;

Extraction of short distance MSR mass



… and now that we have the top-quark mass in the 
~100MeV ballpark we can move to 

Key references:

EPJ C73, 2530 (2013)

JHEP 11, 003 (2019)
(CLIC: Threshold, 
radiative, direct)

(CLIC, (ILC): Threshold, 
direct)

+ a rich set of reports and 
conference proceedings on arXiv

https://arxiv.org/pdf/1902.07246.pdf
https://link.springer.com/article/10.1140/epjc/s10052-013-2530-7
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Mass at the Threshold

• The top threshold provides excellent 
sensitivity to the mass and other top quark 
properties

• Measurement of the top quark mass in 

theoretically well-defined mass schemes
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At CLIC, ILC, FCCee
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simulated data points
 total-1200 fb

• Assuming an integrated 
luminosity of 200 fb-1 (default for 
ILC, FCCee, x2 of CLIC standard 
scenario - 10 points spaced by 1 GeV)
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At CLIC, ILC, FCCee
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simulated data points
 total-1200 fb

• Assuming an integrated 
luminosity of 200 fb-1 (default for 
ILC, FCCee, x2 of CLIC standard 
scenario - 10 points spaced by 1 GeV)


• Sensitivity to :

• Top-quark mass

• Top-quark width

• Yukawa coupling

• Strong coupling constant
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At CLIC, ILC, FCCee
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simulated data points
 total-1200 fb

• Assuming an integrated 
luminosity of 200 fb-1 (default for 
ILC, FCCee, x2 of CLIC standard 
scenario - 10 points spaced by 1 GeV)


• Sensitivity to :

• Top-quark mass

• Top-quark width

• Yukawa coupling

• Strong coupling constant

So we are going to 
assume three 

scenarios



Scenario 1 : We fit all
float top quark mass, width, Yukawa coupling and alpha_s

• Assumes an integrated luminosity of 300 fb-1 (10 points)


• Assumes M(Higgs) = 120GeV

• TESLA beam conditions

• Theoretical error normalisation ~1%

• 3 observables : XS, momentum distribution and F-B 

asym.

• But XS is dominant


This scenario will be revisited in the last part of the talk

https://arxiv.org/pdf/hep-ph/0207315v2.pdf


Scenario 2 : We fit the mass and the coupling
fit the Yukawa coupling, floating the mass, but not the width. Vary alpha_s within some uncertainty.

Yukawa coupling current (pdg) value(*)  : 1.07+0.34-0.43 

(*) ratio wrt the SM predicted value

Prospects after the ILC@500GeV run (1ab-1) set at the 10% 
ballpark.

https://arxiv.org/pdf/1907.01590.pdf
https://arxiv.org/pdf/1104.5132.pdf


Scenario 3 : We fit only the mass
extraction of the top mass assuming the SM: fix width to SM prediction, fix y_t = 1. Vary alpha_s within some uncertainty.

• Detailed evaluation of systematic uncertainties

• 8 points configuration for this uncertainty

• Theory dominated (~40MeV vs ~10MeV); assuming a N4LO 

available for 2040 expect further reductions

For other configurations of the scan points :



Scenario 1 revisited
Studies done by Kacper Nowak and Filip Zarnecki

results for the benchmark scenario



Optimisations (based on the genetic algorithm)
Studies done by Kacper Nowak and Filip Zarnecki

See Kacper Thesis CERN-THESIS-2020-099 for more details

http://cds.cern.ch/record/2728555?ln=pl


Optimisations (based on the genetic algorithm)
Studies done by Kacper Nowak and Filip Zarnecki

See Kacper Thesis CERN-THESIS-2020-099 for more details

http://cds.cern.ch/record/2728555?ln=pl


Summary

• Current precision ~50MeV dominated by theoretical uncertainty


• Possibility to measure other parameters : width, strong coupling and Yukawa


• To be decided after the ILC@500GeV run


• Room for optimisation and the optimisation depends on the parameters we 
want to aim



the end



Dependency with Alpha_s
Taken from arXiv:1604.08122v1 [hep-ex] 


PDG2020

https://arxiv.org/pdf/1604.08122.pdf
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At CLIC, ILC, FCCee
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simulated data points
 total-1200 fb

• Assuming an integrated 
luminosity of 200 fb-1 (default for 
ILC, FCCee, x2 of CLIC standard 
scenario - 10 points spaced by 1 GeV)


• Standard fit of mass only:  
ILC 12.2 MeV [stat]     
CLIC 13.3 MeV [stat]     
FCCee 10.0 MeV [stat]

• Detailed evaluation of systematic 
uncertainties


• Multi-parameter fits (mass, width, 
αs, yt), scan optimization…


