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motivation	
  (1)	


•  verification	
  of	
  EWSB	
  &	
  mass	
  generation	
  is	
  a	
  critical	
  task	
  
which	
  must	
  be	
  done	
  before	
  BSM	
  physics	
  can	
  be	
  
established	
  

•  ILC	
  is	
  an	
  ideal	
  probe	
  for	
  measuring	
  the	
  couplings	
  related	
  
to	
  the	
  Higgs	
  (self-­‐coupling,	
  Yukawa	
  coupling)	
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The Higgs bosons in SUSY theories

that they are indeed proportional to the particle masses. Relations between various Higgs
couplings and particle masses are shown in Fig. 2.16 for the case of a 120 GeV SM Higgs
boson with accuracies corresponding to L = 500 fb−1 at

√
s=300 GeV for the c, τ, b,W and Z

couplings,
√

s = 500 GeV for the λHHH self–coupling and
√

s = 700 GeV for the tt̄H Yukawa
coupling. A summary of the various precision measurements at ILC is given in Table 2.3

An important feature of ILC experiments is that absolute values of these coupling con-
stants can be determined in a model–independent way. This is crucial in establishing the
mass generation mechanism for elementary particles and very useful to explore physics be-
yond the SM. For instance, radion-Higgs mixing in warped extra dimensional models could
reduce the magnitude of the Higgs couplings to fermions and gauge bosons in a universal way
[56, 57] and such effects can be probed only if absolute coupling measurements are possible.
Another example is related to the electroweak baryogenesis scenario to explain the baryon
number of the universe: to be successful, the SM Higgs sector has to be extended to realize
a strong first-order phase transition and the change of the Higgs potential can lead to ob-
servable effects in the triple Higgs coupling [111, 112]. Finally, the loop induced gluonic and
photonic decay channels are sensitive to scales far beyond the Higgs mass and can probe new
particles that are too heavy to be produced directly [113].
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FIGURE 2.16. The relation between the Higgs couplings and the particle masses as determined from the
high–precision ILC measurements [4]; on the y axis, the coupling κi of the particle i with mass mi is
defined in a such a way that the relation mi = vκi with v " 246 GeV holds in the SM.

2.3 THE HIGGS BOSONS IN SUSY THEORIES

2.3.1 Decays and production of the MSSM Higgs bosons

The decay pattern of the Higgs bosons of the MSSM [40] is more complicated than in the
SM and depends strongly on the value of tan β and the Higgs masses; see Fig. 2.17 where
the branching ratios are shown for tan β = 3 and 30. The lightest h boson will decay mainly
into fermion pairs since its mass is smaller than ∼ 140 GeV, except in the decoupling limit
in which it decays like the SM–Higgs boson and thus the WW decays can be dominant.
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motivation	
  (2)	


well-­‐known	
  energy	
  
thresholds	
  for	
  ILC:	
  
(mH=120	
  GeV)	
  

250	
  GeV:	
  ZH	
  
350	
  GeV:	
  top	
  pair	
  
500	
  GeV:	
  ZHH	
  &	
  ttH	
  

ttH	
  measurement	
  is	
  	
  
possible	
  due	
  to	
  QCD	
  bound-­‐
state	
  effects	
  which	
  enhance	
  
the	
  cross	
  section	
  
(Note:	
  this	
  also	
  enhances	
  
ttZ;	
  ttg*	
  is	
  not	
  enhanced	
  
because	
  tt	
  in	
  this	
  case	
  is	
  not	
  
a	
  color	
  singlet)	
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  (3
)	
 TTH	


-­‐	
  -­‐	
  -­‐	
  	
  without	
  ISR/beam	
  
-­‐-­‐-­‐-­‐-­‐	
  with	
  ISR/beam	
  
-­‐-­‐-­‐-­‐-­‐	
  with	
  ISR/beam	
  +	
  QCD	
  
bound-­‐state	
  effects	
  
-­‐-­‐-­‐-­‐-­‐	
  Higgs	
  from	
  Z	
  Analysis framework

• Event generator
- physsim package: based on full helicity 
amplitudes calculated with HELAS including 
gauge boson decays (correctly taking into 
account angular distribution of the decay 
products)
- BASES/SPRING: MC phase pace integration / 4-
momenta of the final-state quarks and leptons
- Included ISR & Beamstrahlung
- NRQCD threshold enhancement to the ttbar 
system (ttH/ttZ)

• Parton shower / Hadronization
- Pythia 6.4
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• Detector simulator / energy flow reconstruction
- JSFQuickSim (smearing based fast MC simulator) / Track-cluster matching

8

Based	
  on	
  Farrell	
  &	
  Hoang,	
  PRD74,	
  014008	
  (2006)	
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indirect	
  vs.	
  direct	
  measurement	


•  indirect	
  measurement	
  of	
  top	
  Yukawa	
  is	
  possible	
  at	
  the	
  ttbar	
  
threshold	
  and	
  also	
  at	
  the	
  LHC	
  via	
  gluon	
  fusion	
  to	
  ttbar	
  (but	
  the	
  jet	
  
background	
  makes	
  it	
  challenging)	
  

–  but:	
  if	
  an	
  anomaly	
  is	
  found	
  in	
  the	
  production	
  rate,	
  one	
  cannot	
  distinguish	
  	
  
(1)	
  the	
  coupling	
  anomaly	
  or	
  (2)	
  the	
  presence	
  of	
  a	
  new	
  particle	
  in	
  the	
  loop	
  

•  need	
  direct	
  measurement;	
  feasibility	
  already	
  shown	
  for	
  
ECM=700-­‐800	
  GeV	
  ILC;	
  we	
  show	
  this	
  for	
  ECM=500	
  GeV	
  
–  direct	
  measurement	
  at	
  LHC	
  using	
  H-­‐>ττ	
  has	
  been	
  proposed	
  but	
  it	
  can	
  only	
  

measure	
  σ	
  x	
  BR(H-­‐>ττ)	
  

gt	
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X	
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signal	
  &	
  background	


•  signal:	
  ttH	
  -­‐>	
  bWbWbb	
  (0.45	
  d	
  for	
  6-­‐jet	
  +	
  lepton	
  &	
  8-­‐jet	
  modes)	
  
•  main	
  background:	
  	
  

ttg*	
  (g*-­‐>bb,	
  ~1	
  d),	
  ttZ	
  -­‐>	
  ttbb	
  (~0.2	
  d),	
  tbW	
  (~600	
  U)	
  

Diagrams by MadGraph  e+ e- -> b b~ w+ w-  
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Diagrams by MadGraph  e+ e- -> b b~ w+ w-  
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3

three groups, depending on the decay mode of theW bosons.
Their branching fractions are

(i) 8-jet mode: 45%,

(ii) 6-jet + lepton mode (e or µ): 29%,

(iii) 4-jet + 2-lepton mode (ee, eµ, or µµ): 5%,

where we have omitted the contribution of the top decays to
tau (t → b!+"! and t → b!−"!), since we only reconstruct
electrons and muons from the top in this study. The 8-jet mode
and the 6-jet + lepton mode are chosen for reconstruction.

The following processes are identified as possible back-
ground sources which can mimic the ttH signatures:

(i) e+e− → tbW−/tbW+ → bW+bW−,

(ii) e+e− → ttZ→ bW+bW−bb,

(iii) e+e− → ttg∗ → bW+bW−bb.

The cross sections for these processes are shown as a function
of

√
s in Fig. 2. We will refer to the e+e− → tbW−/tbW+ pro-
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FIG. 2. Production cross section of the e+e− → ttH signal (shown
with and without tt bound-state effects), together with those of the
main background processes, ttH (Higgs radiated off the Z boson),
ttZ, tt, tbW−/tbW+ (denoted as tbW ), and ttg∗ → ttbb, as a func-
tion of the CM energy without beam polarizations. The initial state
radiation and beamstrahlung effects are included.

cess as e+e− → tbW . The e+e− → tbW process includes the
e+e− → tt process. The e+e− → tbW final state consists of
up to two b jets, as opposed to four b jets for our ttH signal.
The tbW channel can be therefore reduced to a small frac-
tion by identifying the flavor of the b quarks in the final state
(b-tagging) and by counting the number of b jets. Because
of the large tbW cross section, a significant amount of tbW
background remains even if there is a small rate of event mis-
reconstruction, which occurs equally likely for events in and
away from the top pair resonance, thus making it important to
include the non-resonant contributions.

In the event generation, the top quark decays explicitly as
t → bW+ (t → bW−), before the hadronization step. Thus,
in order to take into the background due to hard gluon emis-
sions from the top quark, we separately include the indepen-
dent contribution from the e+e− → ttg∗ background.

In contrast to the tbW process, the processes ttZ and ttg∗
can have identical final states as those of the ttH process if
the Z boson or the hard gluon g∗ decays into a bb pair. In this
case, the signal extraction will depend strongly on the reso-
lution of the Higgs mass reconstructed from the two b-jets.
The unpolarized cross section for ttZ is 1.3 fb, including the
tt bound-state effects similar to that expected for the signal
process; without including this correction, the cross section
becomes 0.7 fb. For ttg∗ → ttbb, the unpolarized cross sec-
tion is 0.7 fb. We note that there is no tt bound-state enhance-
ment in the ttg∗ process because the tt system is not a color
singlet in this case. The cross sections at

√
s = 500 GeV for

our signal and background processes are summarized in Ta-
ble I. The signal and background samples have been produced

TABLE I. Cross sections at
√
s = 500 GeV for the signal and

background processes are shown for the different beam polariza-
tions. The e+e− → ttH and e+e− → ttZ processes include the tt
bound-state effects. The ttH, ttZ, and ttg∗ processes all decay as
bW+bW−bb while the tbW+/tbW− process (denoted as tbW ) de-
cays as bW+bW−. The number of events N used in this study is
shown for each sample, along with its equivalent luminosity L .

Process $ (fb) N L (ab−1)
e−L e

+
R → ttH 1.07 5.00×104 47.8

e−L e
+
R → ttZ 4.04 5.00×104 12.4

e−L e
+
R → ttg∗ 1.93 5.00×104 25.9

e−L e
+
R → tbW 1633 1.00×107 6.1

e−R e
+
L → ttH 0.45 5.00×104 92.6

e−R e
+
L → ttZ 1.32 5.00×104 37.8

e−R e
+
L → ttg∗ 0.86 5.00×104 58.2

e−R e
+
L → tbW 700 1.00×107 14.3

with pure beam polarizations. Unless otherwise noted, our re-
sults weight these samples to match the beam polarizations of
(Pe− ,Pe+) = (−0.8,+0.3) [17].

IV. ANALYSIS FRAMEWORK

Signal and background events are generated using the
physsim [18] event generator, based on the full helicity
amplitudes including gauge boson decays, calculated using
HELAS [19] and BASES [20], which properly takes into account
the angular distributions of the decay products. For the event
generation, the following values are used: %(MZ) = 1/128,
sin2 &W = 0.230, %s(MZ) = 0.120, MW = 80.0 GeV, MZ =
91.18 GeV, Mt = 175 GeV, and MH = 120 GeV. The ef-
fects of initial state radiation and beamstrahlung are included.
The tt bound-state effects results in a roughly twofold increase
in the ttH signal cross section at

√
s = 500GeV, as shown in

Fig. 3. The four-momenta of the final-state quarks and leptons
are passed as input to PYTHIA 6.4 [21] for parton showering
and hadronization. The detector response is simulated using
the QuickSim [22] fast Monte-Carlo detector simulator.

The detector consists of the beam pipe, a vertex detector, a
drift chamber, an electromagnetic calorimeter (ECAL), and
a hadronic calorimeter (HCAL). The crossing angle of the
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tbW	
  events	


•  jet	
  combinatorial	
  effects	
  &	
  misidentification	
  of	
  
b-­‐jets	
  result	
  in	
  significant	
  background	
  
–  tail	
  of	
  distribution	
  is	
  important	
  

•  WW*	
  enhances	
  the	
  tbW	
  tails	
  for	
  e-­‐Le+R	
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mass	
  of	
  bW	
  system	
  
(parton-­‐level)	


Diagrams by MadGraph  e+ e- -> b b~ w+ w-  
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analysis	
  framework	


•  physsim:	
  event	
  generator	
  
–  helicity	
  amplitude	
  by	
  HELAS;	
  phase	
  space	
  

integration	
  
–  ISR	
  &	
  beamstrahlung	
  included	
  
–  ttbar	
  threshold	
  correction	
  to	
  ttH	
  &	
  ttZ	
  
–  dedicated	
  ttg	
  generator	
  

•  pythia:	
  parton	
  shower	
  &	
  hadronization	
  
•  QuickSim:	
  fast	
  detector	
  simulation	
  

–  semi-­‐realistic	
  PFA	
  reconstruction	
  

Analysis framework
• Event generator
- physsim package: based on full helicity 
amplitudes calculated with HELAS including 
gauge boson decays (correctly taking into 
account angular distribution of the decay 
products)
- BASES/SPRING: MC phase pace integration / 4-
momenta of the final-state quarks and leptons
- Included ISR & Beamstrahlung
- NRQCD threshold enhancement to the ttbar 
system (ttH/ttZ)

• Parton shower / Hadronization
- Pythia 6.4
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• Detector simulator / energy flow reconstruction
- JSFQuickSim (smearing based fast MC simulator) / Track-cluster matching
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process	

cross-­‐sec+on	
  

(/)	

generated	
  number	
  

of	
  events	

equivalent	
  

luminosity	
  (ab-­‐1)	


VH	
 1.24	
 50,000	
 40.3	


VZ	
 4.04	
 50,000	
 12.4	


Vg*	
  -­‐>	
  Vbb	
 1.93	
 50,000	
 25.9	


tbW	
 1633.	
 10,000,000	
 6.1	


VH	
 0.540	
 50,000	
 92.6	


VZ	
 1.324	
 50,000	
 37.8	


Vg*	
  -­‐>	
  Vbb	
 0.859	
 50,000	
 58.2	


tbW	
 700.	
 10,000,000	
 14.3	


e-­‐/e+	
  pol.	
  =	
  (-­‐1.0,	
  +1.0)	


e-­‐/e+	
  pol.	
  =	
  (+1.0,	
  -­‐1.0)	


(target	
  integrated	
  
luminosity	
  =	
  1	
  ab-­‐1)	
  



analysis	
  strategy	


•  analysis	
  mode:	
  
–  (i)	
  8-­‐jet	
  mode:	
  45%	
  
–  (ii)	
  6-­‐jet	
  +	
  lepton	
  mode	
  (e	
  or	
  μ):	
  29%	
  
–  (iii)	
  4-­‐jet	
  +	
  2-­‐lepton	
  mode	
  (ee,	
  eμ,	
  or	
  μμ):	
  5%	
  (we	
  don’t	
  reconstruct)	
  

•  Higgs	
  reconstructed	
  in	
  bb	
  mode	
  (68%)	
  
•  cut-­‐and-­‐count	
  analysis	
  
•  event	
  selection	
  based	
  on:	
  

–  identification/rejection	
  of	
  isolated	
  leptons	
  
–  event	
  shape	
  variables	
  
–  b-­‐tagging	
  of	
  jets	
  
–  combination	
  of	
  jets	
  into	
  top	
  &	
  Higgs	
  candidates	
  
–  invariant	
  mass	
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lepton	
  selection	
  /	
  rejection	


•  lepton	
  identification	
  by	
  MC	
  information	
  (assumes	
  100%	
  efficiency	
  
&	
  purity	
  for	
  E>15	
  GeV	
  leptons)	
  

•  distinguish	
  isolated	
  leptons	
  &	
  leptons	
  from	
  jets	
  by	
  using	
  the	
  energy	
  
sum	
  of	
  the	
  particles	
  around	
  the	
  lepton	
  candidate	
  (cone	
  energy)	
  
versus	
  the	
  lepton	
  energy	
  

•  2-­‐D	
  selection	
  (rejection)	
  of	
  isolated	
  leptons	
  for	
  the	
  6-­‐jet	
  +	
  lepton	
  
analysis	
  (8-­‐jet	
  analysis)	
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  0.98	




event	
  shape	


•  use	
  the	
  thrust	
  variable	
  to	
  discriminate	
  signal	
  from	
  background	
  
(peaks	
  at	
  1	
  for	
  dijet	
  events)	
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T = max
|n̂|=1

�
i |n̂ · �pi|�

i |�pi|

jet	
  clustering	


•  use	
  the	
  Durham	
  jet	
  clustering	
  algorithm	
  to	
  force	
  the	
  
event	
  into	
  the	
  6	
  or	
  8	
  jet	
  topology	
  (after	
  removing	
  the	
  
isolated	
  leptons)	
  

Yij =
max(E2

i , E2
j )(1− cos θij)

E2
CM



b-­‐tagging	


•  identify	
  b-­‐jets	
  via	
  their	
  large	
  impact	
  parameter	
  significance	
  
(IPS)	
  of	
  secondary	
  tracks.	
  

•  b-­‐tagging	
  criteria:	
  
–  tight	
  (6J+L):	
  require	
  4	
  tracks	
  with	
  IPS	
  >2.5	
  
–  tight	
  (8J):	
  require	
  2	
  tracks	
  with	
  IPS>3.0	
  	
  

•  efficiency:	
  47%,	
  fake	
  rate:	
  c-­‐jet	
  3.2%,	
  uds-­‐jet	
  0.1%	
  
–  loose:	
  require	
  2	
  tracks	
  with	
  IPS	
  >2.0	
  

•  efficiency:	
  80%,	
  fake	
  rate:	
  c-­‐jet	
  40%,	
  uds-­‐jet	
  0.5%	
  

•  event	
  selection:	
  
–  tight	
  b	
  +	
  loose	
  b	
  for	
  Higgs	
  candidate	
  
–  tight	
  b	
  for	
  at	
  least	
  one	
  top,	
  loose	
  b	
  for	
  the	
  other	
  top	
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Decay of 

b-hadron
IP

A jet includging b quark

Figure 10: n-sig. method

The mass distributions after the b-tagging are shown in Fig.11. We can see that the tt̄
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Figure 11: Invariant mass distribution after using both Y cut and b-tagging

background has been suppressed effectively. As mentioned above the tt̄Z and tt̄g (g → bb̄)
background events have similar signatures as a signal and can be separated only with the
invariant mass of the H candidate. In the next section we summarize the results of our
event selection including these remaining background processes.

5 Results

Table??∼?? shows reduction summary in the case of beam polarization (e−,e+) = (-1.+1)
,(+1,-1). Using this table together with table2, we can obtain the results for any polarization.

6 Conclusion

We reported the feasibility of measuring Top-Yukawa coupling at 500GeV with considering
QCD threshold enhancement of tt̄ system. As a result, it is found that we have possibility
to measure tt̄H process with significance ∼ 4.4 assuming beam polarization (e−, e+) =
(−0.8, +0.3) although we have not yet considered threshold enhancement effect of tt̄Z and
ttg process, which is one of the main backgrounds(Table 3).
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b-­‐jet	


efficiency	
  &	
  fake	
  rate	
  
es$mated	
  on	
  Z-­‐>qq	
  
sample	
  @	
  91.2	
  GeV	




jet	
  combination	


•  choose	
  the	
  jet	
  combination	
  which	
  is	
  most	
  consistent	
  with	
  
the	
  ttH	
  mass	
  hypothesis	
  is	
  chosen	
  by	
  minimizing	
  the	
  
following	
  “chi-­‐squared”	
  value:	
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χ2 =
(m2j −MH)2

σ2
H

+
(m2j −MW1)2

σ2
W1

+
(m3j −Mt1)2

σ2
t1

+
�

(m2j −MW2)2

σ2
W2

+
(m3j −Mt2)2

σ2
t2

�

8j



summary	
  of	
  cuts	


cut	
 6-­‐jet	
  +	
  lepton	
 8-­‐jet	


number	
  of	
  isolated	
  
lepton	


1	
 0	


thrust	
 <	
  0.77	
 	
  <	
  0.7	


jet	
  clustering	
 Y5-­‐>4	
  >	
  0.005	
 Y8-­‐>7	
  >	
  0.00080	


b-­‐tagging	
 4x	
  b-­‐jets	
 4x	
  b-­‐jets	


top	
  mass	
  (GeV)	
 140	
  <	
  mt	
  <	
  205	
 140	
  <	
  mH	
  <	
  215	


higgs	
  mass	
  (GeV)	
 95	
  <	
  mt	
  <	
  150	
 80	
  <	
  mH	
  <	
  150	
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6-­‐jet	
  +	
  lepton	
  cut	
  flow	


cut	
  \	
  sample	
 HH	
  (6J)	

HH	
  

(8J/4J)	

H	
 HZ	


Hg*-­‐>	
  
Hbb	


significance	


no	
  cuts	
 282.	
 358.	
 980739.	
 2407.	
 1160.	
 0.3	


#	
  isolated	
  
lepton	
  =	
  1	


180.	
 49.0	
 340069.	
 791.	
 398	
 0.3	


thrust	
  <	
  
0.77	


146.	
 37.7	
 144999.	
 617.	
 266.	
 0.4	


Y5-­‐>4	
  >	
  
0.005	


126.	
 25.8	
 12298.	
 416.	
 114.	
 1.1	


4x	
  btag	
 49.0	
 4.2	
 173.	
 53.3	
 37.8	
 2.8	


mass	
  cuts	
 39.5	
 1.6	
 23.0	
 33.9	
 13.2	
 3.7	
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lumi	
  =	
  1ab-­‐1,	
  polarized	
  beams	
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6

TABLE III. Summary of cuts in the analysis of the 6-jet + lepton mode, denoted as 6 j. We denote the 4-jet + 2-lepton mode as 4 j, and the
8-jet mode as 8 j. Estimated yields are given assuming an integrated luminosity of 1 ab−1 with beam polarizations (Pe− ,Pe+) = (−0.8,+0.3).
Refer to the text for the details of the b-tagging requirement and the mass cuts.

ttH(6 j) ttH(8 j) ttH(4 j) tbW ttZ ttg∗ (bb)
no cuts 282.3 289.5 68.3 980738.5 2406.9 1159.6
single isolated lepton 179.6 20.7 28.3 340069.0 790.6 397.7
thrust < 0.77 145.7 18.5 19.2 144999.0 616.7 266.0
Y5→4 > 0.005 125.5 16.6 9.2 12297.7 416.2 113.7
b-tagging 49.0 1.3 2.9 172.9 53.3 37.8
mass cuts 39.5 1.2 0.4 23.0 33.9 13.2
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FIG. 5. The distributions of the cut variables in the 6-jet + lepton analysis are shown: (a) thrust, (b) Y5→4, (c) mass of the top candidate,
(d) mass of the Higgs candidate. Each sample is weighted assuming an integrated luminosity of 1 ab−1 with beam polarizations (Pe− ,Pe+) =
(−0.8,+0.3). In each of these 4 plots, all the event selection criteria are applied except for the cut on the variable shown. The arrows indicate
the optimized cut values.

tistically independent from each other, allowing for a straight-
forward combination of the two results.

B. Event shape

Similarly to the 6-jet + lepton analysis, the thrust variable
T is used to reduce the tt background. It is found that T < 0.7
is optimal for the 8-jet mode.

C. Jet clustering

In the 8-jet mode analysis, the jet clustering is performed
over all particles in the event to form eight jets. We keep the
jet transition values Yn→n−1. The value for Y8→7 is found to be
useful in discriminating ttH events from tt events. We require

Y8→7 > 0.0009 in the event selection.
D. Identification of heavy flavor jets

We follow a similar procedure as in the 6-jet + lepton mode
for the identification of b-jets. We use a different optimization
for the tight b-jet, which is modified to be (Q,NQ) = (3.0,2).
The definition of the loose b-jet remains the same.

E. Top and Higgs reconstruction

The Higgs candidate (H → bb) is formed by requiring one
tight b-jet and one loose b-jet. One of the top candidates is re-
quired to contain a tight b-jet, while the other top is required
to have (at least) a loose b-jet. Because there are multiple pos-
sible combinations of jets, we define the quantity "2 similarly

Scaled	
  to	
  1	
  ab-­‐1	
  

Beam	
  polariza$on	
  (	
  Pol(e-­‐),Pol(e+)	
  )	
  =	
  (-­‐0.8,+0.3)	
  
All	
  other	
  cuts	
  applied.	




8-­‐jet	
  cut	
  flow	


cut	
  \	
  sample	
 HH	
  (6J)	

HH	
  

(8J/4J)	

H	
 HZ	


Hg*-­‐>	
  
Hbb	


significance	


no	
  cuts	
 290.	
 358.	
 980739.	
 2406.	
 1160.	
 0.3	


#	
  isolated	
  
lepton	
  =	
  0	


266.	
 92.2	
 589716.	
 1351.	
 701.	
 0.3	


thrust	
  <	
  0.7	
 168.	
 46.7	
 107227.	
 818.	
 312.	
 0.5	


Y8-­‐>7	
  >	
  
0.0009	


114.	
 13.3	
 4048.	
 350.	
 67.1	
 1.7	


4x	
  btag	
 66.6	
 6.9	
 443.	
 77.6	
 39.8	
 2.6	


mass	
  cuts	
 50.1	
 0.4	
 75.6	
 47.6	
 14.1	
 3.7	
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  1ab-­‐1,	
  polarized	
  beams	
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TABLE IV. Summary of cuts in the analysis of the 8-jet mode, denoted as 8 j. We denote the 6-jet + lepton mode as 6 j, and the 4-jet + 2-lepton
mode as 4 j. Estimated yields are given assuming an integrated luminosity of 1 ab−1 with beam polarizations (Pe− ,Pe+) = (−0.8,+0.3). Refer
to the text for the details of the b-tagging requirement and the mass cuts.

ttH(8 j) ttH(6 j) ttH(4 j) tbW ttZ ttg∗ (bb)
no cuts 289.5 282.3 68.3 980738.5 2406.9 1159.6
reject isolated leptons 266.3 85.6 6.6 589716.0 1351.4 701.2
thrust < 0.7 167.7 44.0 2.7 107227.0 818.0 311.5
Y8→7 > 0.0009 113.8 13.0 0.3 4048.1 349.6 67.1
b-tagging 66.6 6.8 0.1 442.6 77.6 39.8
mass cuts 50.1 0.4 0.0 75.6 47.6 14.1
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FIG. 6. The distributions of the cut variables in the 8-jet analysis are shown: (a) thrust, (b) Y8→7, (c) mass of the top candidate, (d) mass of the
Higgs candidate. Each sample is weighted assuming an integrated luminosity of 1 ab−1 with beam polarizations (Pe− ,Pe+) = (−0.8,+0.3). In
each of these 4 plots, all the event selection criteria are applied except for the cut on the variable shown. The arrows indicate the optimized cut
values.
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beam	
  pol.(e-­‐,	
  e+)	
 6	
  jet	
  +	
  lepton	
   8	
  jet	
  

(0.0,	
  0.0)	
 2.9	
 2.8	


(-­‐0.8,	
  +0.3)	
 3.7	
 3.7	


beam	
  pol.	
  	
  
(e-­‐,	
  e+)	


combined	
  
significance	
  

combined	
  
Δgt	
  /	
  gt	
  	
  

(0.0,	
  0.0)	
 4.0	
 12%	


(-­‐0.8,	
  +0.3)	
 5.2	
 9.6%	




conclusions	


•  our	
  fast	
  simulation	
  study	
  shows	
  that,	
  with	
  
–  mHiggs	
  =	
  120	
  GeV	
  
–  ILC	
  (500	
  GeV)	
  
–  nominal	
  beam	
  polarizations	
  (-­‐0.8,	
  +0.3)	
  
–  Lumi	
  =	
  1	
  ab-­‐1	
  

	
  the	
  top	
  Yukawa	
  coupling	
  can	
  be	
  measured	
  with	
  10%	
  statistical	
  
accuracy	
  

•  for	
  increased	
  confidence	
  in	
  this	
  results,	
  a	
  study	
  with	
  full	
  
detector	
  simulation	
  should	
  be	
  performed,	
  which	
  is	
  the	
  target	
  
of	
  our	
  next	
  study	
  

•  we	
  will	
  also	
  try	
  to	
  meet	
  the	
  demands	
  of	
  the	
  DBD	
  benchmark	
  
which	
  asks	
  for	
  the	
  same	
  analysis	
  at	
  ECM	
  =	
  1	
  TeV	
  for	
  the	
  ILD	
  
detector	
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purpose	
  of	
  study	


•  Evaluate	
  the	
  accuracy	
  of	
  gt	
  
Ecm=500	
  GeV,	
  mH	
  =	
  120	
  GeV,	
  H	
  -­‐>	
  bb	
  (68%)	
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t
H

W−

W+

b

b
b

b
f
f

f �
f �

gt	


21	


∆g2
t

g2
t

=
∆σ

ttH

σ
ttH

=	
  accuracy	
  of	
  e+e-­‐	
  -­‐>	
  CH	
  cross-­‐sec$on.	
  

�
∆σ

ttH

σ
ttH

�2

=
S + B

S2
+

�
∆Bsyst

S

�2

+
�

∆L
L

�2

+
�

∆�

�

�2

Sta$s$cal	
  
Uncertainty	


Background	
  
Shape	
  

Systema$c	


Uncertainty	
  
of	
  Integrated	
  
Luminosity	


Uncertainty	
  of	
  
Event	
  Reco.	


Es$mate	
  the	
  sta$s$cal	
  uncertainty.	




0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

20

40

60

80

100

310!

tt
tbW

comparison	
  of	
  thrust	
  distribution	


T.	
  Tanabe	
 22	


TT	
  is	
  included	
  within	
  TBW	
  (GOOD)	


ar
b.
	
  u
ni
ts
;	
  s
ca
le
d	
  
by
	
  x
se
c	



