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              ILC International Linear Collider
 The LHC discovery of Higgs particle completed all the particles 

needed in SM.  
 Now we are aiming at precisely measuring the properties of these 

particles, to search for signs of new physics. 
 Challenges towards precision can adequately be met in a clean 

environment ➠ e+e- colliders. Chapter 2. Higgs Boson
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Figure 2.8.21: Expected precision from the full ILC program of tests of the Standard
Model prediction that the Higgs coupling to each particle is proportional to its mass.
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Comparison of SM prediction of MW with direct measurements:
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Top physics at ILC
 Top properties have significant impact in the search of physics 

beyond SM ➠ e.g. in SM, Higgs, W and top masses are strongly 
correlated.

H Wt

Higgs physics in BSM:

Nearly any model: large coupling of the Higgs to the top quark:

H
t

t̄

H

⇒ one-loop corrections ∆M2
H ∼ Gµm4

t

⇒ MH depends sensitively on mt in all models where MH can

be predicted (SM: MH is free parameter)

SUSY as an example: ∆mt ≈ ±1 GeV ⇒ ∆Mh ≈ ±1 GeV
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From the EW scale to the Planck scale
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Mt = 173.3 ± 0.6 GeV
asHMZL = 0.1184 ± 0.0007

Mt = 171.4 GeV

asHMZL = 0.1163

asHMZL = 0.1205

Mt = 175.2 GeV

�(µ = MPl) = �0.0144+0.0028
✓
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GeV
� 125

◆
±0.0047Mt

±0.0018↵s±0.0028th

For the measured masses both � and its �-function vanish around MPl!!?

(This would be the main message bla bla quantum gravity bla bla)

  Top quark has a mass near the electro-weak scale ➠ ytop ~1, most 
intriguing and important to measure!  



Member’s activities on ILC Top

 Properties of top: mass, width and cross section
Ishikawa (Tohoku), Fujii (KEK), also similar study done in Munich

 Coupling of top: Top Yukawa coupling                            
   Tanaba (Tokyo) in collaboration with KEK and Birmingham

 BSM: anomalous couplings to BSM gauge 
bosons (Z’, W’, Extra dimension etc)

Poescl, Richard (LAL-Orsay) in collaboration with Valencia

Theory (SM prediction, BSM possibility)
Kiyo (Juntendo), Sumino (Tohoku) 



The tt̄ t t t threshold scan ~350 GeV

Frank Simon (fsimon@mpp.mpg.de)Top Mass at Linear Colliders

ECFA LC2013, May 2013

Comparison to ILC

• Identical extraction
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• Compared to CLIC:

• 20% reduction of stat. mass 
uncertainty

• 10% reduction of stat. αs 
uncertainty

• identical theory uncertainties

COMBINED STATISTIC ERROR OF TOP YUKAWA 
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The estimation of 
Statistic  error Left Right Combined 

Cross section 1.1% 1.5% 

Top yukawa 6.7% 9.1% 5.2% 

Since we can neglect |Mhiggs exchange |², 
top yukawa is proportional to top cross 
section. 

Summing the selections of all the center of mass energy, the 
statistic error of the cross section and top yukawa coupling 
were estimated. We can measure cross section of top pair 
production precisely.  

     threshold scan: t̄t

Top‐an3top threshold @ lepton colliders 

29.05.2013  Maximilian Stahlhofen ‐ DESY  ECFA LC2013   ‐  4  

[Seidel, Simon, Tesar, Poss, ‘13] 

Experiment (simula3on): 

�mt < 100 MeV

⇥�t � 30 MeV

[Mar3nez, Miquel, ‘02] 

��s � 0.001

�yt/yt � 35%

[Seidel, Simon, Tesar, Poss ‘13] 

��tot/�tot � 3%
Theory goal: 

Results presented at ECFA 2013, M. Stahlhofenm F. Simon, T. Horiguchi

 Properties of top mass, width, cross 
section and couplings 

Top decays before hadronize
 ➠ QCD simpler ! Mass determination! 

 ➠ Yukawa top determination 
from cross section!  



The tt̄H production at ~500 GeV

T. Tanabe (tomohiko@icepp.s.u-tokyo.ac.jp)�

Conclusions 
•  Interesting physics with top Yukawa coupling 

–  relation between coupling and mass 
–  new physics from direct and indirect measurements 

•  Maximum possible deviation of top Yukawa coupling if 
LHC doesn’t see new particles is a few % to few tens 
of % [Gupta, Rzehak, Wells ’12] 

•  Expected precision of top Yukawa coupling with the 
latest ILC simulations (2012-2013) have been 
evaluated 
–  √s=500 GeV,  L=1 ab−1,  Δyt/yt ~11% [preliminary] 

–  √s=1 TeV,   L=1 ab−1,  Δyt/yt ~4% 
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H → bb Irreducible for Z, g* → bb 
Key: mass reconstruction 

Reducible but large cross section 
Key: b-jet tagging, event shape 

tt → 
bqqbqq  (45%) 
bqqblν  (44%) 
blνblν   (11%) 
 
Analyze: 
6 jets + lepton mode 
8 jets mode 

Signal Major Backgrounds 
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 Top Yukawa measurement

result presented at  ECFA 2013, T. Tanabe

 ➠ Direct measurment of 
the top Yukawa coupling! 
 ➠ cross section 
enhancement by bound 
state effect! 

 ➠ b-tagging, and jet 
algorithm very 
important! 
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- F1(γ/Z) form!factors!can!be!extracted!
simultaneously!considering!ΔF2V(γ/Z) = 0 
 
- And!F2V(γ/Z) are!extracted!fixing!all!F1(γ/Z) 
to!their!SM!values!

Coupling SM value LHC [1] e+e� [6] e+e�[ILC DBD]
L = 300 fb�1 L = 300 fb�1 L = 500 fb�1

P,P 0 = �0.8, 0 P,P 0 = ±0.8,⌥0.3

� eF �
1V 0.66 +0.043

�0.041
�
�

+0.002
�0.002

� eFZ
1V 0.23 +0.240

�0.620
+0.004
�0.004

+0.002
�0.002

� eFZ
1A -0.59 +0.052

�0.060
+0.009
�0.013

+0.006
�0.006

� eF �
2V 0.015 +0.038

�0.035
+0.004
�0.004

+0.001
�0.001

� eFZ
2V 0.018 +0.270

�0.190
+0.004
�0.004

+0.002
�0.002

Table 4: Sensitivities achievable at 68.3% CL for CP conserving form factors eFX

1V,A and eFX

2V

defined in Eq. 1 at the LHC and at linear e+e� colliders. The assumed luminosity samples
and, for e+e� colliders, the beam polarisation, are indicated. In the LHC studies and in
earlier studies for a linear e+e� collider as published in the TESLA TDR [6] study, only
one coupling at a time is allowed to deviate from its Standard Model value. In the present
study, denoted as ILC DBD, either the four form factors eF1 or the two form factors eF2 are
allowed to vary independently. The sensitivities are based on statistical errors only.

8 Interpretation of results

The results on the reconstruction e�ciency, At

FB

and �

t

presented in the previous
sections are transformed into precisions on the form factors e

F

i

. The results are sum-
marised in Table 4 and Figure 8 and are compared with results of earlier studies for
a linear e+e� collider as published in the TESLA TDR [6] as well as with precisions
expected for the LHC. For completeness, Tab. 5 compares sensitivites expected at the
LHC with the results from the TESLA TDR [6] for CP violating form factors not
calculated in the present study. Note, that in the LHC and TESLA studies only one
form factor was varied at a time while in the present study two or four form factors are
varied simultaneously, see Sec. 1. It is obvious that the measurements at an electron
positron collider lead to a spectacular improvement and thus allow for a profound
discussion of e↵ects of new physics. Two examples are given in the following.

8.1 An example: The Randall-Sundrum scenario

The sensitivity new physics can be parameterised by general dimension six oper-
ators contributing to the tt� and ttZ

0 vertex [19]. However, the potential of the ILC
might be demonstrated more clearly by presenting a concrete example with one par-
ticular model. In the original model of Randall and Sundrum [20] there are additional
massive gauge bosons in an assumed extra dimension. The model predicts increased
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Figure 8: Comparison of statistical precisions on CP conserving form factors expected at
the LHC, taken from [1] and at the ILC. The LHC results assume an integrated luminosity
of L = 300 fb�1. The results for ILC assume an integrated luminosity of L = 500 fb�1 atp
s = 500GeV and a beam polarisation P = ±0.8,P 0 = ⌥0.3.
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The open tt̄ production at 
~500-1000 GeV

 BSM top coupling measurement

Theory"
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!  The! top! quark! is! the! heaviest! elementary! par:cle! and! it! is! the!most!
strongly! coupled! to! the! mechanism! of! electroweak! symmetry!
breaking.(

!  In! contrast! to! the! situa:on! at! hadron! colliders,! the! dominant! pair!
produc:on!process!e+e?→A!involves!only!AZ0!and!Aγ!primary!ver:ces!!

!  A!way!to!describe!the!current!at!the!AX!vertex:!

!

 

/γ"

Introduc:on!

and other reasons, the t quark is expected to be a window to any new physics at the
TeV energy scale. New physics will modify the electro-weak ttX vertex described
in the Standard Model by Vector and Axial vector couplings V and A to the vector
bosons X = �, Z

0,

Generally speaking, an e

+
e

� linear collider (LC) can measure t quark electroweak
couplings at the % level. In contrast to the situation at hadron colliders, the leading-
order pair production process e

+
e

� ! tt goes directly through the ttZ

0 and tt�

vertices. There is no concurrent QCD production of t quark pairs, which increases
greatly the potential for a clean measurement. In the literature there a various ways
to describe the current at the ttX vertex. The Ref. [1] uses
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with k

2 being the four momentum of the exchanged boson and q and q the four vectors
of the t and t quark. Further �

µ

with µ = 0, .., 3 are the Dirac matrices describing
vector currents and �5 = i�0�1�2�3 is the Dirac matrix allowing to introduce an axial
vector current into the theory

The Gordon composition of the current reads

�ttX

µ

(k2
, q, q) = �ie

⇢
�

µ

�
F

X

1V (k
2) + �5F

X

1A(k
2)
�
+

�

µ⌫

2m
t

(q + q)µ
�
iF

X

2V (k
2) + �5F

X

2A(k
2)
��

,

(2)
with �

µ⌫

= i

2 (�µ�⌫ � �

⌫

�

µ

). The couplings or form factors e
F

X

i

and F

X

i

appearing in
Eqs. 1 and 2 are related via

e
F

X

1V = �
�
F

X

1V + F

X

2V

�
,

e
F

X

2V = F

X

2V ,

e
F

X

1A = �F

X

1A ,

e
F

X

2A = �iF

X

2A . (3)

Within the Standard Model the F

i

have the following values:

F

�,SM

1V = �2

3
, F

�,SM

1A = 0, FZ,SM

1V = � 1

4s
w

c

w

✓
1� 8

3
s

2
w

◆
, F

Z,SM

1A =
1

4s
w

c

w

, (4)

with s

w

and c

w

being the sine and the cosine of the Weinberg angle ✓
W

. The coupling
F

�

2V is related via F

�

2V = Q

t

(g�2)/2 to the anomalous magnetic moment (g�2) with
Q

t

being the electrical charge of the t quark. The coupling F2A is related to the dipole
moment d = (e/2mt)F2A(0) that violates the combined Charge and Parity symmetry
CP . Note, that all the expressions above are given at Born level. Throughout the
article no attempt will be made to go beyond that level.

Today, the most advanced proposal for a linear collider is the International Linear
Collider, ILC [2,3], which can operate at centre-of-mass energies between about

2

!  X$=$Z0,$γ"
!  V$=$Vector$coupling$
!  A$=$Axial$coupling$

arxiv.org/abs/hep(ph/0601112!
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!  X$=$Z0,$γ"
!  V$=$Vector$coupling$
!  A$=$Axial$coupling$

arxiv.org/abs/hep(ph/0601112!
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!!!!!!!!!!!!!!!!!!!!!!!gives!three!different!final!states:!

1)!Fully!hadronic!(46.2%)!"!6$jets$at$final$state$$$$$

2)!Semi(leptonic!(43.5%)!"!4$jets$+$lepton$+$neutrino$

3)!Fully!leptonic!(10.3%)!"!2jets$+$2$leptons$+$2$neutrinos$

!  This!analysis!is!concentrate!mainly!on!the!events!which!have!a!semiOleptonic(final(state!

 

Decay"modes!

5(

!!

e+e− → tt
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Experimental!environment!and!data!samples!

Introduction

The Analysis

1 The analysis is done on the semi-leptonic decay of the top
quark:
tt̄ �! (bW )(bW ) �! (bqq)(bl⌫)

2 Analysis at
p

s = 500GeV with an integrated luminosity
L = 500 fb

�1.

3 We use the charge of the lepton to know the charge of the
top.

4 The full simulation are done with the ILD detector (Mokka +
Whizard software).

5 The reconstruction is based on the Particle Flow Algorithm
(Pandora) and is done with Marlin on the data samples
prepare for the LOI.

Jérémy ROUËNÉ LAL Top at the ILC October 25, 2012 6 / 22

h_p://www(flc.desy.de/lcnotes/!LC(REP(2013(008!$

h_p://www(flc.desy.de/lcnotes/!LC(REP(2013(007!$

tt̄→ bqqblnu
 ➠ For measuring Forward-backward 
asymmetry, charge identification is 
essential. 



TYL ILC Top collaboration
Identified common issues which are relevant for all analyses: 

❖ Experimental topics (Tokyo-Tohoku-KEK-LAL) :
✓ b-tagging and charge identification
✓ jet algorithm (Durham-algorithm, kt-algorithm etc...)
✓ luminosity measurement
✓ refinement of the current analysis

❖ Theoretical topics (Juntendo-Tohoku-LAL): 
✓ theoretical uncertainties (QCD, electroweak corrections)
✓ new observables, new ideas! 



Planning
❖ 1st phase : Initiating collaboration

✓ Possible collaborations already discussed 
a) Preliminary discussion at ECFA 2013 (DESY)

❖ 2nd phase : Developing collaborative work

✓ Organization of Top-ILC workshop
a) Satellite workshop to the LCWS 2013 at Tokyo
b)  Satellite workshop to the TYL 2014 in France

✓ Role as a seed for ILC Top working group
✓ Publication, LC note, ... 

❖ 3rd phase : Further developing the France-Japan collaboration

✓ joint-PhD, joint-postdoc etc.... 


