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Threshold Scans: The Motivation
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! The cross-section around the 
threshold is a#ected by several 
properties of the top quark and by 
QCD"

! Top mass, width, Yukawa 

coupling"

! Strong coupling constant
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Threshold Studies: The Status

! The sensitivity of a ttbar threshold scan at Linear Colliders to top quark properties has 
been studied be a variety of groups at di#erent points in time - with di#erent degrees 
of realism"

! Here: Focus on the most recent studies
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Assuming small uncertainty on $ s - 
multi-parameter Þt to include mass, 
width and top Yukawa coupling:%
&mt = 29 MeV (stat), &' t = 39 MeV"
&yt = 5.9%"
(based on 10 points, 100 fb -1 total)"

arXiv:1310.0563, T. Horiguchi @ AWLC 14
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(a) Obtained cross section error at various top masses.
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(b) Obtained cross section error at various top widths.
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(c) The correlation of top mass and width in the Þtting result.

Figure 5: Fitting result
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Forward-backward asymmetry may 
provide additional sensitivity to width 
and $s, however with large statistical 
uncertainty



Frank Simon (fsimon@mpp.mpg.de)
Top Threshold Scans  
TopLC Valencia, June 2015

Systematics: Where We Are

! Studies are not complete - but quite some information is already available"

! Crucial for the threshold: Results will be systematics-limited"

! So far most complete studies on the mass"

! Expected statistical uncertainty (depending on strategy and integrated luminosity)%
10 - 30 MeV"

! Experimental Systematics"

! Beam Energy: ~ 30 MeV or lower"

! Non-ttbar background, selection e(ciencies (assuming < 5% bgd uncertainty, ~ 0.5% 

knowledge on signal selection): ~ 15 MeV 

! Luminosity Spectrum (studied for CLIC LS with reconstruction of spectrum via Bhabha 

scattering, scaling from 3 TeV studies, full study on the way): ~ 10 MeV 

! Single top contamination: < 30 MeV
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Systematics: Where We Are

! A key factor: Theory systematics 

! So far: Used naive estimates assuming 3% normalisation uncertainty on cross 
section - Impact on mass: ~ 55 MeV 

! More sophisticated studies in progress: Propagate latest theory calculations at 
NNNLO to analysis"

! Uncertainties from the strong coupling "

! When not included in the Þt: ~ 3 MeV per 10-4 uncertainty on $ s: today ~ 18 MeV "

! In addition: impact on the conversion from 1S / PS masses used at threshold to 
MSbar mass: today: ~ 50 MeV (note that the theory uncertainty on this conversion 

is small by now - see talk by Peter)
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! A few notes on the width: 

! So far no complete study of systematics, a Þrst look at some e#ects based on %
1D width extraction (more later)"

! Theory scale uncertainty: ~ 25 - 55 MeV, $s: today ~ 10 - 20 MeV 

! Luminosity spectrum potentially important: Width depends more on details of 
the shape than mass does
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The Impact of the Luminosity Spectrum
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! Somewhat di#erent luminosity spectra for 
di#erent machines:"

! no beamstrahlung tail in storage ring"

! sharper main peak at ILC, broader at CLIC
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section, changes in sensitivity due to 

steepness of threshold turn-on"

) For 100 fb-1, no polarization, 1D mass Þt:
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Di#erences between di#erent collider options %
(with identical running scenarios) are very small "

Polarization (possible only in LCs) can boost cross-sections or %
reduce backgrounds, resulting in increased sensitivity"
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Inßuence of a ÒLow BS OptionÓ for ILC

! Low BS improves statistical uncertainty of mass in ÒclassicalÓ 10 point scan by about 
10% - much less than the Òluminosity hitÓ of a factor of 2 we would have to take"

! Not the end of the story - potential beneÞts need more carful investigation - 
potential for the width measurement?

9
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Optimising Threshold Scans
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Disclaimer: This is ongoing work, and it is based on a rather old version of %
TOPPIK (Hoang, Teubner), NNLO + NNLL - Upgrade to newer calculations 
possible and planned for the near future!



Frank Simon (fsimon@mpp.mpg.de)
Top Threshold Scans  
TopLC Valencia, June 2015

Optimising Threshold Scans: First Ideas

! Ongoing study: How to optimise a threshold scan to provide the best results with the 
lowest integrated luminosity - and the least sensitivity to systematics
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First step: The mass: Clearly some 
regions are much more sensitive than 
othersÉ
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prior to ILC running into account"

From LHC: Small uncertainty on 
Òkinematic massÓ by 2030, assume total 
uncertainty of 1 GeV
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Picking the Start Value
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6.3.2 Additional systematic errors

In addition to the theory normalization uncertainty other po-
tential sources for systematic errors are studied.

A potential dependence of the result on the choice of en-
ergy values for the scan in relation to the top mass was ex-
cluded by shifting the measurement points to higher energies
by 0.5 GeV without a change in the determined mass and! s

values. Thus, the precision expected from the LHC will be
sufÞcient to determine the range of the threshold scan.

The precise knowledge of the non-top background after
event selection is crucial for the measurement of the sig-
nal cross section. The effect of an imperfect non-top physics
background description is studied by subtracting 5 % and
10 % too little or too much background before the Þt. The
5 % variation results in a 18 MeV shift in the top mass and
0.0007 in! s, corresponding to approximately two thirds of
the statistical uncertainty on the top mass and close to the
statistical uncertainty on! s. The 10 % variation leads to a
shift of twice the size for both values, but also signiÞcantly
reduces the stability of the template Þt. This shows that an
understanding of the background contamination at the level
of 5 % or better is important to keep systematic effects well
below the statistical uncertainties. One additional data point
taken below the threshold will provide this required preci-
sion.

In addition to these analysis-related uncertainties, also
machine-related uncertainties, such as the knowledge of the
center-of-mass energy of the collider and the shape of the
luminosity spectrum are relevant for this study. Previous ex-
perience at LEP [42, 43] and studies in the context of the
ILC [44, 45] suggests that a precision of 10! 4 on the center-
of-mass energy is readily achievable given the high avail-
able integrated luminosity at each data point, resulting in
systematics below the statistical errors of the top mass. The
knowledge of the luminosity spectrum is very important for
the correct description of the signal cross section, and thus
also for the precision of the template Þt. A full investiga-
tion has not yet been performed, but a simpliÞed Þrst study
indicates that a 20 % uncertainty of the RMS width of the
main luminosity peak results in top mass uncertainties of
approximately 75 MeV, far in excess of the statistical un-
certainties. Realistic studies of the expected uncertainties of
the shape of the luminosity spectrum at CLIC are currently
under way, but are beyond the scope of the present study.
Overall, a good understanding of the luminosity spectrum
of the accelerator is crucial to fully proÞt from the precision
achievable in a threshold scan.

Taking these systematic studies together, it is to be ex-
pected that a threshold scan with 100 fb! 1 to determine the
top mass at CLIC will be systematics limited, resulting in a
total uncertainty below 100 MeV.

6.4 The impact of the luminosity spectrum: a threshold
scan at ILC

For the experiments, one of the most relevant differences
between CLIC and the ILC are the differences in the lu-
minosity spectrum of the two machines. The inßuence of
this difference is studied here by repeating the analysis us-
ing the ILC luminosity spectrum. The ILC spectrum is char-
acterized by a narrower main luminosity peak, and a slight
increase of the fraction of the total luminosity available in
the top 1 % of the energy. As for the CLIC analysis, an in-
tegrated luminosity of 10 fb! 1 per point is assumed. Fig-
ure 7 shows simulated data points for a threshold scan at
ILC. Compared to the CLIC case shown in Fig.5, the cross
section rises faster due to the sharper main luminosity peak
at the ILC. This faster rise of the cross section is expected to
lead to somewhat reduced statistical uncertainties on the top
mass for a given integrated luminosity due to increased dif-
ferences between different mass hypotheses in the threshold
region.

For the generation of data points with the ILC luminosity
spectrum, the signal selection efÞciencies and the residual
background contribution are determined with the CLIC_ILD
detector concept. While there are some differences between
this detector concept and the ones developed for the ILC, it
is not expected that this will have a sizeable impact on the
efÞciencies in the present study.

Figure7 and Table4 summarize the results of the com-
bined extraction of the 1S top mass and the strong coupling
constant at ILC. As expected, the statistical uncertainties are
reduced compared to a threshold scan at CLIC, with a 20 %
reduction of the uncertainty of the mass and a 10 % reduc-
tion of the uncertainty of! s. The theory systematics as well
as other systematic uncertainties studied here are unchanged
compared to those at CLIC. Thus, the difference in statisti-
cal precision provided by the two different collider concepts

Fig. 7 Background-subtracted simulated cross section measurements
with the ILC luminosity spectrum for 10 fb! 1 per data point, together
with the cross section for the generator mass of 174 GeV as well as for
a shift in mass of± 200 MeV

Quelle: K. Seidel et al.

You always want to sit in the green zone!
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For the experiments, one of the most relevant differences
between CLIC and the ILC are the differences in the lu-
minosity spectrum of the two machines. The inßuence of
this difference is studied here by repeating the analysis us-
ing the ILC luminosity spectrum. The ILC spectrum is char-
acterized by a narrower main luminosity peak, and a slight
increase of the fraction of the total luminosity available in
the top 1 % of the energy. As for the CLIC analysis, an in-
tegrated luminosity of 10 fb! 1 per point is assumed. Fig-
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approximately 75 MeV, far in excess of the statistical un-
certainties. Realistic studies of the expected uncertainties of
the shape of the luminosity spectrum at CLIC are currently
under way, but are beyond the scope of the present study.
Overall, a good understanding of the luminosity spectrum
of the accelerator is crucial to fully proÞt from the precision
achievable in a threshold scan.

Taking these systematic studies together, it is to be ex-
pected that a threshold scan with 100 fb! 1 to determine the
top mass at CLIC will be systematics limited, resulting in a
total uncertainty below 100 MeV.

6.4 The impact of the luminosity spectrum: a threshold
scan at ILC

For the experiments, one of the most relevant differences
between CLIC and the ILC are the differences in the lu-
minosity spectrum of the two machines. The inßuence of
this difference is studied here by repeating the analysis us-
ing the ILC luminosity spectrum. The ILC spectrum is char-
acterized by a narrower main luminosity peak, and a slight
increase of the fraction of the total luminosity available in
the top 1 % of the energy. As for the CLIC analysis, an in-
tegrated luminosity of 10 fb! 1 per point is assumed. Fig-
ure 7 shows simulated data points for a threshold scan at
ILC. Compared to the CLIC case shown in Fig.5, the cross
section rises faster due to the sharper main luminosity peak
at the ILC. This faster rise of the cross section is expected to
lead to somewhat reduced statistical uncertainties on the top
mass for a given integrated luminosity due to increased dif-
ferences between different mass hypotheses in the threshold
region.

For the generation of data points with the ILC luminosity
spectrum, the signal selection efÞciencies and the residual
background contribution are determined with the CLIC_ILD
detector concept. While there are some differences between
this detector concept and the ones developed for the ILC, it
is not expected that this will have a sizeable impact on the
efÞciencies in the present study.

Figure7 and Table4 summarize the results of the com-
bined extraction of the 1S top mass and the strong coupling
constant at ILC. As expected, the statistical uncertainties are
reduced compared to a threshold scan at CLIC, with a 20 %
reduction of the uncertainty of the mass and a 10 % reduc-
tion of the uncertainty of! s. The theory systematics as well
as other systematic uncertainties studied here are unchanged
compared to those at CLIC. Thus, the difference in statisti-
cal precision provided by the two different collider concepts

Fig. 7 Background-subtracted simulated cross section measurements
with the ILC luminosity spectrum for 10 fb! 1 per data point, together
with the cross section for the generator mass of 174 GeV as well as for
a shift in mass of± 200 MeV

Quelle: K. Seidel et al.
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The optimal point to measure

! Inßection point of the cross section curve: highest sensitivity - 0.6 GeV below 2 m t
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The Strategy Applied

! Pick Þrst point to always be in the green zone (not higher than 2 mt, true): "

! Measure 2 GeV below  2 mt as given by LHC"

! In our scenario with mt, true (1S) = 174 GeV: Three possibilities, %
344 GeV, 346 GeV, 348 GeV: always safe
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Evolution of Statistical Uncertainty

! After Þrst measurement (10 fbú-1) 
uncertainty at most 110 MeV (in 
least favorable case)"

! Can pick optimal point for next 
measurement with a precision of 
200 MeV 
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Evolution of Statistical Uncertainty
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Evolution of Statistical Uncertainty
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Results
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Results
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Impact of Naive Theory Scale Uncertainty of 3%
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Going Beyond the Mass

! Width also inßuences the cross 
section - less strong impact than 
the mass"

! Highest e#ect in the region of 
the remaining 1S ÒpeakÓ
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! Mass and width can be ÒfactorisedÓ - independent measurements in di#erent 
regions of the threshold curve"

! NB: While the mass can be measured essentially independent from the 
width, the reverse is not true 
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Measuring the Width

! Pick points from regions with 
large sensitivity - for now assume 
10 points with 10 fb -1 each

20

 [GeV]s
340 345 350 355

cr
os

s 
se

ct
io

n 
[p

b]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
 threshold - TOPPIK NNLO tt

ISR + ILC Luminosity Spectrum - default BS

 1.43 GeVt! 174 GeV; 1S
tdefault - m

 0.12 GeV± t!width variations, 

based on CLIC/ILC Top Study
EPJ C73, 2540 (2013)



Frank Simon (fsimon@mpp.mpg.de)
Top Threshold Scans  
TopLC Valencia, June 2015

Measuring the Width
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! Results for Ò1DÓ width Þt %
focus regions [ equidistant]!
statistical: 32 MeV [ 44 MeV ]%
3% norm: 55 MeV [ 26 MeV ]%
$s (0.0006): +20-12 MeV [ +9-5MeV]

Improved statistical sensitivity, but%
substantially bigger impact of%
theory scale uncertainty and $ s%
!  needs further study!
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Measuring the Width 

! Try to avoid the large impact of $ s 
(and potentially normalisation) 
uncertainties
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Measuring the Width 
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! Results for Ò1DÓ width Þt %
turn-on region [ equidistant]!
statistical: 32 MeV [ 44 MeV ]%
3% norm: +55-25 MeV [ 26 MeV ]%
$s (0.0006): +15-18 MeV [ +9-5MeV]
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!  Slight improvement - but larger 
sensitivity to non-ttbar background!
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Summary

! A scan of the ttbar threshold in e +e- collisions is the best method for a precise 
measurement of the top quark mass and width, and can also provide information on 
other top properties, such as the Yukawa coupling"

! A total uncertainty of 50 MeV on the mass seems possible - most likely dominated by 

theoretical uncertainties "

! Statistical precision will be below 20 MeV"

! Measurement of the width understood less well at the moment - 60 MeV total 

uncertainty seems plausible"

! The energy choices for the scan can (and should) be optimised"

! Substantially reduced statistical uncertainties"

! Potential reduction of impact of systematics"

! Requires input from theory - at the highest possible precision
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