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Encapsulated Resistive-anode  
Micromegas TPC

Results of beam test 
@ DESY  13/Nov ~ 28/Nov 

  
LCTPC. 10/Jan. 2018 

D. Attié,  P. Colas,  X. Coppolani,  S. Emery-schrenk,   
S. Ganjour,  T. Ogawa,  H. Qi,  M. Riallot,   
B. Tuchming,  J. Timmermans,   M. Titov, 
 and thanks to R. Diener,  O. Schäfer,  V. Prahl …
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1. Motivation and detector 

2. Experiment condition, gas, detector, H.V. 

3. Uniformity on charge spread, hit charge 

4. Distortions 

5. σrφ, σz

Outline

1. dE/dx resolutions
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New detector

PCB

Grounded mesh 
encapsulating the 
detector

PCB with 
Readout 
pads

Metal back-frame

HV ring 
with vias

DLC-coated
kapton

03/10/2017
Horizontal ND280 TPC endplate - P. 

Colas
5

Charge spreading technique

pads 

mesh

E B~100µm Amplification gap: 

resistive foil: ~75µm

insulator: ~100µm

Continuous RC network shares evenly the charge among 
several pads

Gaussian spreading as a 
function of time with sr = 

sqrt(2t/RC)

t~shaping~few 100 ns
RC =  180 R(MW) /(d/175µ) 
ns/mm²03/10/2017

Horizontal ND280 TPC endplate - P. 
Colas

4

・Resistive-anode Micromegas

Performance requirement for ILC : ~ 100 µm spatial resolution 

“T2K” gas gives small transverse diffusion because of  CF4 

           which can make τ large  (make e stay in Ramsauer dip) 

           under B~4T,  Dt ~  30 um/√cm   ( limit by pad size ~ width/√12 )

Need sufficient #pads to evaluate barycenter  

・Encapsulated Resistive-anode Micromegas

Mesh is connected to ground (Nobody did it).   

Encapsulation shields against external noise 

small signal can be acquired    

Module-Module boundary keep homogeneity of E field ,    

 reduce ExB  => Mitigates track distortions 

H.V line

Metal	back	frame

Metal	back	frame
PCB

PCB

grounded mesh
for capsulation  

DLC-coated kapton

=> spread charge and share with several pads.  Detector frame 
is also grounded 

Encapsulated Resistive-anode Micromegas



• Different electronics gain
• 25 MHz (50, 100 MHz) sampling frequency
• Peaking time 100 ns to 600 ns
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Detector configuration

Module size: 22 cm × 17 cm 
24 rows × 72 columns  (1726 Pads ) 
Pad size:  3 mm × 7 mm 

・AFTER chip produced by Saclay
・Module for various kinds of detectors and gas mixtures 

・Resistive anode for dispersing charge  

• Carbon Loaded Kapton  
• Diamond Like Carbon 

Surface R = 2.5 Mohm/sq is optimal  
  when considering pad size,  
      insulator thickness, and shaping time …

https://doi.org/10.1109/TNS.2008.924067

Diamond Like Carbon-coated kapton

     =>  sufficient charge spreading 
             & protection for sparks

Comparison of Resistive anode in 2015 beam test 
 => 150119_D.S.Bhattacharya_AperoSPP
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2

ZZ

H　　 H　　

ζAZ   ×  
Z*  γ* 

ζZZ     ×  ＋

FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using
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Conditions of the experiment 
gas, modules, and so on

・2PCO2 cooling with TRACI
TRACI=Transportable Refrigeration Apparatus  
                  for Co2 Investigation

Very stable operation during beam test.
Keep the modules 28~30 °C

1
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date in Nov.

system temperature [°C]

date in Nov. date in Nov.

system H2O [ppm] system O2 [ppm]

beam

~16 °C

H2O ~ 150~100 ppm O2  ~ 60 ppm

・Gas condition was good

some trouble

Conditions of the experiment
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16°C, 1015 hPa
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order
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FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ
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(ζZZẐµνẐ
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1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z
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ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃
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e−Re+L
Z
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, and for
√
s=500 GeV,
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where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

T2K H2O: 150 ppm 
O2: 60 ppm

16°C, 1020 hPa
H2O: 100 ppm
O2: 60 ppm
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lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order
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FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).
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Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for
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where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using
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Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
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Z and b
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lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy
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large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
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Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
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one channel of the ZZ-fusion process e+e− → ZZ →
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Finally we go back to an original Lagrangian [9] that
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where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
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statistics of a large number of events. A bias correction is required to calculate and correct this 

systematic error before the final resolution is calculated.  

To get the value used for the bias correction, the row residual and the fitting track are required.  

The row residual is calculated by the equation 6-0-8: 

                                                                                       (6-0-8) 

where      is the measurement hit position in this row and         is the corresponding track 

crossing position in this row in one event. The        is calculated by the equation 6-0-5 and 

the      is calculated by minimizing the chi-square in the equation 6-0-9: 

F   
  ∑ [                    

   
] 

                                                 (6-0-9) 

Then, the row residual   with the track        of each event is filled in a profile histogram for 

each row. Figure 6-5 gives an example of the profile histogram. The Y-axis displays the mean 

value of the row residual when a track crosses the corresponding position in this row. This 

mean value is used as the value of the bias correction. Then, the equation to calculate the 

measurement hit      becomes as following from the equation 6-0-9: 

F   
  ∑ [                                 

   
] 

                              (6-0-10) 

where              is the bias correction function of this row, which is obtained from the 

profile histogram. 

 

Figure 6-5. Profile histogram of the residual with the track in one row before bias correction. 
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No absorption of seed electrons

become flat

230V/cm 140V/cm
threshold effect
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Uniformities in rφ for 
charge spread, resolution

x=140 mm x=300 mm

Drift length ~ 70 mm

Kill the other modules
in analysis level



    σ will be ~ 1.4 mm 
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1.32 1.34 1.35 1.34 1.36 1.35 1.35 1.39 1.35
1.33 1.34 1.35 1.34 1.36 1.35 1.34 1.38 1.37
1.32 1.35 1.37 1.34 1.36 1.35 1.35 1.37 1.38
1.34 1.36 1.37 1.35 1.37 1.35 1.36 1.40 1.38
1.35 1.37 1.37 1.36 1.39 1.35 1.36 1.39 1.41
1.33 1.35 1.35 1.36 1.38 1.33 1.34 1.36 1.37

10− 5− 0 5 10
) [mm]pad - x

track
x (xΔ

0

0.5

1

N
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m
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d 

ch
ar

ge area      2.372
mean     0.0199− 
sigma      1.37
noise      0.02

area      2.372
mean     0.0199− 
sigma      1.37
noise      0.02

drift 50 mm

Map	showing	width	of	gaussian	[mm]	

over	the	center	module

Uniformity of charge spread (center)

σ = 1.4 mm is suited for 3mm-width to share amplified charge with a few pads 
Expectation : for R= 2.5 Mohm/sq,  shaping 200ns,  
               200+50μm kapton, 

Charge spreading technique

pads 

mesh

E B~100µm Amplification gap: 

resistive foil: ~75µm

insulator: ~100µm

Continuous RC network shares evenly the charge among 
several pads

Gaussian spreading as a 
function of time with sr = 

sqrt(2t/RC)

t~shaping~few 100 ns
RC =  180 R(MW) /(d/175µ) 
ns/mm²03/10/2017

Horizontal ND280 TPC endplate - P. 
Colas

4

Charge spreading technique

pads 

mesh

E B~100µm Amplification gap: 

resistive foil: ~75µm

insulator: ~100µm

Continuous RC network shares evenly the charge among 
several pads

Gaussian spreading as a 
function of time with sr = 

sqrt(2t/RC)

t~shaping~few 100 ns
RC =  180 R(MW) /(d/175µ) 
ns/mm²03/10/2017

Horizontal ND280 TPC endplate - P. 
Colas

4

https://indico.cern.ch/event/698927/contributions/2872364/

・Pad responce function

gaussian fit
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position x 
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919.772 934.932 858.815 927.247 936.586 944.951 884.131 810.412 893.774
1095.45 1158.23 1141.55 1147.37 1092.86 1159.14 1084.4 1040.27 1032.51
1136.98 1243.84 1175.79 1208.22 1135.25 1189.3 1098.5 1090 1101
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1230.72 1229.82 1229.66 1333.44 1359.85 1324.12 1263.85 1287.13 1210.91
1227.79 1202.87 1210.96 1307.74 1312.53 1273.61 1268.42 1231.41 1188.02
1268.96 1263.46 1276.1 1407.43 1321.15 1291.68 1298.39 1290.3 1157.81
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1232.38 1262.3 1297.71 1275.07 1221.47 1356.32 1234.31 1321.99 1273.97
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1057.09 1141.17 1160.6 1141.01 1168.44 1152.54 1074.12 1253.76 1132.12
858.133 947.246 852.507 926.856 853.253 904.43 951.869 855.557 805.978
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0.110833 0.0951708 0.0987932 0.0967089 0.0999471 0.0998139 0.0981503 0.108865 0.11438
0.101141 0.101808 0.0968466 0.104611 0.110665 0.109235 0.104921 0.100509 0.114912
0.096961 0.102114 0.0935446 0.102113 0.106189 0.0986764 0.104338 0.110253 0.115129
0.102118 0.102523 0.0985316 0.10214 0.105129 0.109861 0.108054 0.11633 0.114045
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Map	showing	an	associated	HIT	charge	
over	the	center	module

Map	showing	σrφ	
over	the	center	module

Looks	that	the	center	part	has	large	charge

Uniformity of Hit charge & σrφ (center)

gain	varia>on	~	30%	(1300	vs	1000)

No	clear	varia>onbecause	of	geometrical	effect	(	deforma>on	around	the	center	)
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Geometry scan ( old module )
S>ll	under	study
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2

ZZ

H　　 H　　

ζAZ   ×  
Z*  γ* 

ζZZ     ×  ＋

FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

Δx = Hit - track

↑ Δz  has the structure 
 electric force line is distorted
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2
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ζAZ   ×  
Z*  γ* 

ζZZ     ×  ＋

FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2
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ζAZ   ×  
Z*  γ* 

ζZZ     ×  ＋

FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
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Z
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+
L : 1 + 2.40
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103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
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(24)

{
ζ̃ZZ = −0.46 b̃
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Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
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Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
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+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
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Z − 0.306 b

e−Re+L
Z

(27)

⎧
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⎪⎩

e−Le
+
R : 1− 6.72
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Z
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+
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{
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Z + 0.051 b̃
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Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃
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Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2

ZZ

H　　 H　　

ζAZ   ×  
Z*  γ* 

ζZZ     ×  ＋

FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).
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Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for
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where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

σrφ

σ0    ~ 260 um
Neff ~ 29 (5GeV) ~  20 (MIP)
Dt    ~ 230 um / √cm  (B~3.5T)

σZ    ~  0.8  [mm]   ( full drift 2.2 m  @3.5T )
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2
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FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).
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Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for
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where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

σZ

rφ & z resolutions
• Magnetic field 1T with Ed=230V/cm 

Data selection : 
#of tracks=1,  
#of saturated pulses=0
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order
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to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).
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Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for
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where b
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Z and b
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lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy
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are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using
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LCTPC (MM TB2015)

Runs: 05151-05160
=200nsτE=230V/cm, 

Mean over all modules
(51rows)

+ Endplate fully equipped (all MM modules populated)

‡ optimized shaping time and mesh voltage

‡ resistive layer to spread charge

‡ two type of resistive layers: Carbon-Loaded Kapton (CLK)

and Black Diamond (BD)

‡ full CO2 cooling system in 2014-15 testbeam

S.Ganjour Beam Test Results with a LP of TPC for ILD 9
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rφ & z resolutions  ( 2018MM and 2015MM ) 

3 module fit  (51 rows)
σ0 ~ 74,   Neff ~ 35

σrφ

B=1T,	peaking	time	=	200	ns,		
E=230	V/cm,	phi	=o

CEA/Irfu,	Apero,	D	S	
Bhattacharya,	19th	June	2015IEEE	16

σZ

3 module fit 
σ0 ~ 290,   Neff ~ 31much better 

(how about the most inn/outer rows)
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oxygen impurities, with the attachment factor A being a free fit
parameter.

Following [36,37], the resolution formula for inclined tracks has to
take into account the azimuthal angle α φ ϕ= −pad track with respect to
the normal to the pad row. In the limit of small angles α, the resolution
can be approximated as

lσ z α σ z L
N

α( , ) ≈ ( ) +
12

tan .rφ rφ
2

2

eff

2

(2)

Here, lNeff is the effective number of clusters collected over the height L
of a pad row.

After all corrections have been applied, the widths of the distribu-
tions of the residuals are used to calculate the point resolution as
described above, on a row-by-row basis. The mean resolution of all
rows as a function of the drift distance is shown in Fig. 9a for the rφ
direction and in Fig. 9b for the z direction.

Using Eq. (1), the measured point resolution is fitted with σ0, Neff
and A as free parameters. The value for the transverse diffusion, Dt, is
taken from measurements. A fit of the function w z w D z( ) = (0) + t

2 to
the measured PRF widthsw at different drift lengths z results in a value
of 0.1032 mm/ cm with a statistical error of 0.0004 mm/ cm for Dt. For
the fit described here the central value of Dt is used.

The results of the fits are listed in Table 2. For very short drift
distances, the charge cloud size becomes similar to the pad pitch,
resulting in a deterioration of the transverse resolution. Therefore, only
measurements with a drift distance larger than 70 mm are included in
the fit. Within errors, the results of Neff and the attachment rate A are
equal for the fits of the longitudinal and transverse resolution. The
values of 39.8 and 39.5 for Neff are similar to the result of a Heed [38]
simulation. The results for the intrinsic resolution σ0 and attachment
rate A are comparable to the results from measurements performed in
2012 and described in [39] with a different GEM-based module. Note
that a finite attachment rate is observed because the field cage had
developed some small leaks resulting in an increased pollution of the
gas with oxygen of around 50 ppm.

Fig. 10a shows the measured point resolution in rφ as a function of
the azimuthal angle α. For this plot, tracks at a drift distance of 10 cm
and 40 cm have been selected. The dependence on the azimuthal angle
shows the behaviour with αtan| | as expected from Eq. (2).

In Fig. 10b, the resolution is shown as a function of the radius of the
pad row. Close to module boundaries the resolution is worse by about a
factor of 2, as a result of the distortions in these regions as discussed
above. The charge collection efficiency is degraded in this region by
about 40% for the pads right on the edge of the module, resulting in a
reduced Neff and thus a worse resolution. As a secondary effect, due to
distortions, the tracks close to the module edges appear to be curved,
thus crossing the pads not perpendicularly but at an angle. Our
measurements show that this angle is at the level of 5° which results

in a resolution degradation of ∼10% according to figure 10a. Additional
points with degraded resolution belong to single broken electronics
channels.

Fig. 11 shows the extrapolation of the point resolution in rφ to a
magnetic field of 3.5 T and a drift length of 2.35 m, as planned for the
ILD detector. For this extrapolation, Eq. (1) has been used. The values
for σ rφ0, and Neff are taken from the fit to the measured resolution, see
Table 2. The transverse diffusion constant at 3.5 T is derived using a
Magboltz simulation to be D = 0.030 mm/ cmt . The upper curve of the
plot shows the result for the measured attachment rate of 0.495 m−1,
the lower curve the extrapolated point resolution under the assumption
of an attachment rate of zero. The σ1 error bands are based on the
errors on the fit of the parameters as listed in Table 2. The required
point resolution of 100 µm can be reached over the full drift length at
the ILD TPC if the gas quality is tightly controlled and impurities are
minimised. In previous experiments it has been shown that an oxygen
contamination of less than 1 ppm can be reached reliably, if proper
measures are taken, e.g. T2K and ALICE [40,41].

6. Conclusion

Readout modules based on a triple GEM stack were operated in a
prototype TPC chamber. The performance of the system was studied in
detail. Stable operation could be established. Significant field distor-
tions were observed close to the edges of the modules, and alignment
effects between neighbouring modules were studied. Based on data,
both distortion and alignment effects were corrected for. The intrinsic
point resolution of the system was measured to be close to 70 µm, with
an increase as a function of the drift distance compatible with diffusion
effects. Based on these results, a time projection chamber using a GEM-
based amplification scheme and a modular readout structure was
shown to perform well. Under the assumption that gas impurities
can be controlled at a level of a few ppm, the proposed TPC with a GEM
based readout system fulfils the requirements for an experiment at the
International Linear Collider.

7. Disclaimer

Any opinions, findings, and conclusions or recommendations
expressed in this material are those of the author(s) and do not

Fig. 9. Point resolution depending on drift length for measurements at 1 T magnetic field (a) in rφ, (b) in z. The fit results are listed in Table 2.

Table 2
Table of results for the fit of Eq. (1) to the measured point resolution in rφ and z shown
in Fig. 9. Dt and Dl are given for a drift field of 240 V/cm and a magnetic field of 1 T.

σ σ rφ z0, / [μm] Neff A [m−1] D [mm/ cm ]t l/ (fixed)

rφ 71.0 ± 1.2 39.8 ± 2.0 0.495 ± 0.097 0.103
z 306.3 ± 0.8 39.5 ± 1.6 0.529 ± 0.084 0.226

D. Attié et al. Nuclear Instruments and Methods in Physics Research A 856 (2017) 109–118
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rφ ( φ dependence ) 

the effective number of clusters 
~ 4.3

I could not find the value in DESY paper.

3-module fit :
including the most inn/outer rows, 
in total 72 rowsRotating LP1, 

(DESY paper)
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Summary

• The detectors were almost perfectly working in 2018BT

• Small non-uniformity was observed for the charge distribution.  (study geometry)  

• Huge improvement is observed for the track distortions.

• No 2pulses-Hit in short drift  (center module)   

• Detector alignment studies are must
• Control electrodes of the field cage to match with surface of the MM

• rφ & z resolutions reach to requirements of ILD-TPC 
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dE/dx resolution
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• Pad size:  width 3 mm × height 7 mm 

B=1T, 
small correlation …

Row by row charge correlation 
     make resolution worse
           (due to large deposit from δ-ray and diffusion)

B=0T,    Drift length ~ 500 mm  

B=1T,    Drift length ~ 500 mm  

B=0T,   correlation factors are 
δ-ray and diffusion cover the rows 

dE/dx resolution
・Charge correlation between rows

Z= 50 aveCorr = 0.341 
Z=300 aveCorr = 0.459 
Z=550 aveCorr = 0.545 

charge correlation Qrow :  Qrow+1

Z=100 aveCorr = 0.136 
Z=300 aveCorr = 0.151 
Z=550 aveCorr = 0.155 

(example)

(example)



!27

dE/dx resolution

The most robust estimator

・Truncated Mean method

 Ed= 230V/cm 
 Data selection : 

#of tracks=1,  
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2

ZZ

H　　 H　　

ζAZ   ×  
Z*  γ* 

ζZZ     ×  ＋

FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

・2 data set ( drift 30 ~ 300 mm are merged)

• Injection point difference ( ① & ② region )

• charge spread is a bit different
• track angles are slightly different

Look the center module.

~2000 events available

① ②① -3 degrees  (center module) 
②  0 degrees  (center module) 
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order
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FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

According to Asian-GEM study, 
   φ = 0°  and 20° give the same performance  4.7 ± 0.02% (220 sampling) 
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dE/dx resolution

 4.8% ± 0.2%  

  5.2% ± 0.2%  

The most robust estimator

・Truncated Mean method

 Ed= 230V/cm 
 Data selection : 

#of tracks=1,  
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2
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FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

・2 data set ( drift 30 ~ 300 mm are merged)

• ①
• ②

Fraction

Look the center module.

~2000 events available

stat error is large… 
      charge spread ?
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2

ZZ

H　　 H　　

ζAZ   ×  
Z*  γ* 

ζZZ     ×  ＋

FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
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bZ , ζ̃ZZ =
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b̃Z (20)
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)
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Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
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⎪⎨

⎪⎩
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where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

• Injection point difference ( ① & ② region )

• charge spread is a bit different
• track angles are slightly different

Look the center module.

① -3 degrees  (center module) 
②  0 degrees  (center module) 
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order
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to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).
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µν)H

+
1

2v
(ζ̃ZZẐµν
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+ ζ̃AZÂµν
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(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

①

②
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order

2

ZZ

H　　 H　　

ζAZ   ×  
Z*  γ* 

ζZZ     ×  ＋

FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

Fraction

・2 data set ( drift 30 ~ 300 mm are merged)

Perform 3-module fitting:

①

②

 5.0% ± 0.1%  

  5.2% ± 0.1%  • ①
• ②

stat error is large… 
      charge spread ?
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order
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FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

• Injection point difference ( ① & ② region )

• charge spread is a bit different
• track angles are slightly different ① -3 degrees  (center module) 

②  0 degrees  (center module) 
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order
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FIG. 16. Vertices of the ZZH and the γZH on the ZH
process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
Z

(1
v
+

aZ
Λ

)
ZµZ

µH

+
1

2v
(ζZZẐµνẐ

µν + ζAZÂµνẐ
µν)H

+
1

2v
(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
e−Le

+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b

e−Le+R
Z

e−Re
+
L : 1 + 5.70 ζZZ − 9.05 ζAZ = 1 + 5.70 b

e−Re+L
Z

(22)

{
ζZZ = 0.54 b

e−Le+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.34 b
e−L e+R
Z − 0.34 b

e−Re+L
Z

(23)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 1.14

103 ζ̃ZZ − 1.80
103 ζ̃AZ = 1− 1.14

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.40

103 ζ̃ZZ + 1.18
103 ζ̃AZ = 1 + 2.40

103 b̃
e−Re+L
Z

(24)

{
ζ̃ZZ = −0.46 b̃

e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
√
s=500 GeV,

{
e−Le

+
R : 1 + 9.77 ζZZ + 14.73 ζAZ = 1 + 9.77 b

e−L e+R
Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using
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sumed to be 0 in the SM. The γZH couplings, however,
is possible to appear at higher order in extensions of the
SM, which are called the anomalous γZH couplings.
The sensitivity to the anomalous γZH couplings that
the ILC experiment provides us can be also given based
on two different beam polarization settings. In order
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process.

to include the anomalous γZH couplings, we replaced
our first parameterization of the anomalous ZZH cou-
plings in Eq. (3) with new parameterization composed of
both of the anomalous ZZH and γZH couplings. The
parameters bZ and b̃Z are replaced with dimensionless
parameters ζZZ and ζ̃ZZ , then additional dimensionless
parameters ζAZ and ζ̃AZ describing the anomalous γZH
couplings are introduced as illustrated in Fig. 16. The
definitions of new parameters are as follows. Our new
Lagrangian describing both of the anomalous ZZH and
γZH couplings can be redefined in Eq. (21).

ζZZ =
v

Λ
bZ , ζ̃ZZ =

v

Λ
b̃Z (20)

LV V H =M2
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(1
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+
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Λ

)
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+
1
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µν)H

+
1
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(ζ̃ZZẐµν

˜̂Z
µν

+ ζ̃AZÂµν
˜̂Z
µν

)H

(21)

Each parameter for both ZZH and γZH can be evalu-
ated by connecting first parameterization with the new
one and using two different beam polarization settings.
For the connection of both of the parameterizations we
calculated each coefficient affected by each parameter
with Physsim in terms of relative difference of the cross
section σBSM/σSM . The relation between parameteri-
zations as follows for

√
s=250 GeV,

{
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+
R : 1 + 5.70 ζZZ + 7.70 ζAZ = 1 + 5.70 b
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Z
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+
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{
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e−Le+R
Z + 1.46 b̃

e−Re+L
Z

ζ̃AZ = 0.93 b̃
e−Le+R
Z − 0.93 b̃

e−Re+L
Z

(25)

, and for
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Z

e−Re
+
L : 1 + 9.75 ζZZ − 17.22 ζAZ = 1 + 9.75 b

e−Re+L
Z

(26)

{
ζZZ = 0.54 b

e−L e+R
Z + 0.46 b

e−Re+L
Z

ζAZ = 0.306 b
e−Le+R
Z − 0.306 b

e−Re+L
Z

(27)

⎧
⎪⎨

⎪⎩

e−Le
+
R : 1− 6.72

103 ζ̃ZZ − 9.71
103 ζ̃AZ = 1− 6.72

103 b̃
e−L e+R
Z

e−Re
+
L : 1 + 2.42

103 ζ̃ZZ − 6.47
102 ζ̃AZ = 1 + 2.42

103 b̃
e−Re+L
Z

(28)

{
ζ̃ZZ = 0.95 b̃

e−L e+R
Z + 0.051 b̃

e−Re+L
Z

ζ̃AZ = 0.0355 b̃
e−Le+R
Z − 0.0355 b̃

e−Re+L
Z

(29)

where b
e−L e+R
Z and b

e−Re+L
Z , for instance, show the anoma-

lous parameters for corresponding beam polarizations.
On Eq. (27) and Eq. (29) the left side shows variation
of the cross section describing with the new parame-
ters ζZZ and ζAZ , and the right side shows the vari-
ation describing with the bZ . The same relation can
be established for the parameter b̃Z and similarly for
the higher energy

√
s =500 GeV. Values in Table IX

are given sensitivity for each anomalous parameter in a
large number of pseudo-experiments assuming H20 op-
erating scenario, where the leading three channels of the
ZH process, e+e−H, µ+µ−H and qq̄H(H → bb̄) and
one channel of the ZZ-fusion process e+e− → ZZ →
e+e−H(H → bb̄) are used as with the subsection VIII B.

Finally we go back to an original Lagrangian [9] that
is a source of the Lagrangians in Eq. (3) and Eq. (21),
where a complete SU(2)L ⊗ U(1)Y gauge invariant La-
grangian interacting with the Higgs boson and the vec-
tor bosons is given with Higgs operators in terms of
the EFT and parametrized with several general coef-
ficients. We can also give sensitivities to a few gen-
eral coefficients CH , CWW and C̃WW by assuming that
the other coefficients are strongly constrained ∼ 0 from
other measurements on Triple Gauge Couplings (TGCs)
and Γ(H → γγ) from Large Hadron Collider (LHC) and
ILC [30, 31]. The general coefficients are defined using

dE/dx resolution
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Summary

• dE/dx resolution with 3-module fit reaches to ~5%

• Results between the data and the simulation has still unknown 

• The variation depending on the position is observed
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Nice events

NiceDelta_4M_Run6155_Evt101

Cosmic_B=1T_Run6138_Evt121

Ghost_Run6168_Evt15

FancyEvent_4M_Run6160_Evt46
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Geometry scan ( old module )
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Event 15 Event 14
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DAQ event acquisition  ~  6Hz 
Beam trigger ~ 200 Hz  

double trigger: 
1st  trigger(event) was not acquired because of “busy flag” 
2nd trigger(event) was acquired when tail (spread) still existed.

time bin

A
D

C 
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n

Pulses on pads

Anyway it’s not pile up problem
A problem on the electronic, maybe
but, it is still under discussion…


