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Figure 5: Relative precisions for the various Higgs couplings extracted from a model-
independent fit to expected data from the ILC. The notation is as in Fig. 4.

11LCC Physics WG, “Physics Case for The International Linear Collider”,  ILC-NOTE-2015-067, June 2015
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Figure 4: Relative precisions for the various Higgs couplings extracted using the model-
dependent fit used in the Snowmass 2013 study [18], applied to expected data from the
High-Luminosity LHC and from the ILC. Here, 

A

is the ratio of the AAh coupling to
the Standard Model expectation. The red bands show the expected errors from the initial
phase of ILC running. The yellow bands show the errors expected from the full data set.
The blue bands for 

�

show the e↵ect of a joint analysis of High-Luminosity LHC and ILC
data.
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5.3. Probing the top quark vertices at the ILC
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Figure 5.2. Illustration of a top quark threshold meausurement at the ILC. In the simulation, the top quark mass
has been chosen to be 174. GeV. The blue lines show the e�ect of varying this mass by 200 MeV. The study is
based on full detector simulation and takes initial state radiation (ISR) and beamstrahlung (BS) and other relevant
machine e�ects into account: (left) the simulated threshold scan. (right) error ellipse for the determination of mt

and –s. From [34].

70 MeV for each uncertainty of 0.001 in the value of –s. Both sources of uncertainty should be
reduced by the time of the ILC running. In particular, the study of event shapes in e+e≠ æ qq at the
high energies available at ILC should resolve current questions concerning tensions between precision
determinations of –s. It is important to note that these estimates of the accuracy of mass values are
derived from a precision theory of the relation between the threshold mass and the top quark MS

mass. A comparable theory simply does not exist for the conversion of the top quark mass measured
in hadronic collisions to the MS value.

The precise determination of the top quark mass is likely to have important implications for
fundamental theory. We have given one example at the end of Section 2.1. In that case, the value
of the top quark mass, accurate at the level that ILC will provide, literally decides the fate of the
universe.

In principle, the contribution of the Higgs exchange potential to the tt threshold makes it possible
to measure that Higgs coupling to tt. However, the precision of this measurement is strongly limited
by the fact that the Higgs corrections are suppressed by the inverse square of the Higgs mass. For
a Higgs mass of mH = 120 GeV the study in [32] found that uncertainties of at least several 10%
should be expected in a measurement of the top quark Higgs Yukawa coupling. This coupling can be
measured more accurately from the cross section for e+e≠ æ tth, as is explained in Section 2.6 and
2.7 of this report.

5.3 Probing the top quark vertices at the ILC

At higher energy, the study of tt pair production at the ILC is the ideal setting in which to make
precise measurements of the the coupling of the top quark to the Z0 boson and the photon. In
contrast to the situation at hadron colliders, the leading-order pair production process e+e≠ æ tt

goes directly through the ttZ0 and tt“ vertices. There is no concurrent QCD production of top
pairs, which increases greatly the potential for a clean measurement. In the following section, we will
review the importance of measuring these couplings precisely. Then we will describe studies of the
experimental capabilities of the ILC to perform these measurements.

Physics ILC Technical Design Report: Volume 2 95

TOP quark production at the threshold

ILC TDR,  Volume 2 ( Physics )

Is it an elementary 
particle ?
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Figure 3: Predictions of several models that incorporate Randall-Sundrum (RS) models and/or com-
positeness or Little Higgs models on the deviations of the left- and right-handed couplings of the
t quark to the Z0 boson. The ellipse in the frame in the upper right corner indicates the precision
that can be expected for the ILC running at a centre-of-mass energy of

p
s = 500 GeV after having

accumulated L = 500 fb�1 of integrated luminosity shared equally between the beam polarisations
P
e

� , P
e

+
= ±0.8,⌥0.3. The original version of this figure can be found in [35].
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TOP quark acts as a messenger to new physics

1V
γF 1V

ZF 1A
ZF 2V

γF 2V
ZF

U
nc
er
ta
in
ty

3−10

2−10

1−10

1 -1=500 GeV, L=500 fbsILC, 

Phys.Rev.D73 (2006) 034016
Phys.Rev.D71 (2005) 054013

-1=14 TeV, L=3000 fbsLHC, 

Figure 4: Graphical comparison of statistical precisions on CP conserving form factors expected at
the LHC, taken from [37] and [38], and at the ILC. The LHC results assume an integrated luminosity
of L = 3000 fb�1 at

p
s = 14 TeV. The results for the ILC assume an integrated luminosity of

L = 500 fb�1 at
p
s = 500 GeV and a beam polarisation P

e

�
= ±0.8,P

e

+
= ⌥0.3.

published there are compared with the results in the present study in Fig. 4. All but one form factor
will be measured at about a factor 10 better at the ILC for the scenario discussed in this paper than
it will be possible at the LHC. This exception is FZ

1A where [38] quotes a possible statistical precision
of �FZ

1A ⇡ 0.031. It should however be pointed out that the considerable precision expected for �FZ

1A
benefits strongly from LEP/SLC bounds on the oblique parameters that e.g. render it unlikely that
FZ

1A flips sign due to New Physics. The study presented by [38] is an analysis at leading order QCD.
The analysis carried out in [39] suggests that higher-order effects in the theory may allow for an
improvement of the LHC precision by up to 40%. Note at this point that the interference between the
� and the Z0 in case of e+e� ! t¯t will allow for measuring flips of the signs of the form factors that
will be unnoticed in associated ¯ttZ0 at the LHC.

While the prospects for the LHC discussed so far are based on analyses differential in given jet
observables of the final state, LHC experiments observe the process pp ! ¯ttZ0 [40, 41, 42, 43]. The
interpretation of the results is however still limited by the small statistics available for the analyses.

At the LHC electro-weak couplings are measured also in single t quark production. In the effective
field theory approach, assuming SU(2)

L

⇥ U(1)

Y

gauge symmetry for the operators, the relation

�gtbW
L

gtbW
L

⇡ 0.35
�gZ

L

gZ
L

(10)

can be established. Here gtbW
L

is the charged current coupling of the decay t ! Wb. The CMS
Collaboration [44] reports a precision for the t-b transition probability V

tb

of about 4%. In the Standard
Model V

tb

is identical to gtbW
L

. Hence, by means of Eq. 10 the precision of the coupling of left-handed
t quarks to the Z boson can be derived to be of the order of 11%. Noting that �(pp ! ¯ttZ) ⇠

†For the Linear Algebra the software package Eigen [27] version 3.2.2 has been used.
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CP conserving form factors
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International Linear Collider(ILC)
31km long Linear accelerator based on the SC-RF

Aug. 2004   Choice of the COLD technology ( ICFA ) 
Mar. 2005    ILC GDE (Global Design Effort) organized 
                   Barry Barish is the GDE director 

Mar. 2006   BCD (Baseline Configuration Document) 
Aug. 2007   RDR(Reference Design Report) completed 
                   with the cost estimations, R&D test facilities

Oct. 2007  Sakue Yamada is the Research Director(RD), call for LOI 
Dec. 2007  Black December, i.e. UK withdraws following USA ILC budget cut 
Summer 2009  Two LOI’s(detector concept groups) approved 
Jun. 2011  GDE Interim report of ILC TDR R＆D completed 
Dec. 2012  Final draft of TDR with the Detailed Baseline Design Report(DBD for the detectors) 
Feb. 2013  GDE resolved and Linear Collider Collaboration (LCC) organized, Lyn Evans is the LCC director 
Jun. 2013  TDR completed
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ILC TDR Layout

Polarized

Polarized

The center of mass energy of 500GeV

The stability requirements  
typical values of vibrations at floor/base 
(1) Main Linac :  < 100nm at freq. >1Hz   
(2) IP (detector hall) : rel.(V,rms) < 50nm between 2 FDs

the IP vertical/horizontal beam sizes of 5.9/474nm


