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Status on Z resolution of 
the Asian module with 2016 data

・Rough view for Z resolutions using 2016 beam data 

・Simulation on behavior of the Z resolution (with very personal opinion)

    

2nd LCTPC Topical Analysis Meeting :
z resolution and evt time
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6 Data analysis

drift distance [mm]
100 200 300 400 500

�
z[

m
m

]

0

0.2

0.4

0.6

0.8

Inflexion Point
Box Method
Gaussian Inflextion
Gaussian Mean
Gamma4 Fit
Weighted Mean

(a) B = 0 T

drift distance [mm]
100 200 300 400 500

�
z[

m
m

]

0

0.2

0.4

0.6

Inflexion Point
Box Method
Gaussian Inflextion
Gaussian Mean
Gamma4 Fit
Weighted Mean

(b) B = 1 T

Figure 6.5: Spatial point resolution in the drift dimension. The spatial resolution is determined as
explained in section 6.9. Di↵erent time estimation methods for the signal pulses are compared. The
methods perform the best which determine the arrival time from the rising edge of the pulse.

to the true value for both methods. The results are presented in figure 6.4a. The range of the
abscissa extends over two time samples of the ALTRO electronics. In contrast to the Gaussian
inflexion point methods, the box method shows systematic e↵ects due to binning artifact. This
e↵ect can be verified using test beam data. In figure 6.4b, the pulse times for one data run
are illustrated. A Gaussian distribution is expected due to the Gaussian profile of the electron
test beam and di↵usion. The Gaussian distribution is perfectly reproduced with the Gaussian
inflexion point method but the box method displays clear signs of binning artifacts.

The resolution of the estimator methods can only be determined by a comparison to a reference
value. As of now, a reference detector is not integrated into the setup and reference pulses
cannot be inserted into the electronics. Therefore, the reference time is determined from
the reconstructed tracks. This analysis is based on a concept which is presented in detail in
section 6.9. The spatial point resolution in the drift dimension is used as an observable to
determine the performance of the di↵erent time estimation methods. A method performs better
if the reconstructed spatial resolution is small. Figure 6.5a shows the result of the analysis.
It is clearly visible that those methods perform the best which are using the rising edge of
the pulse in the calculation. At a first glance, it might not be intuitive why the mean of the
Gaussian fit is performing worse than the Gaussian inflexion point which is derived from the
mean and the standard deviation. Small noise fluctuations can be compensated better with two
degrees of freedom than with a single degree of freedom. It is also interesting to note that the
true shaper function does not give the best results. However, the shaper function is only an
idealized response function for a delta-like input pulse. Since the input pulse is generated by
the movement of the electron between the last GEM and the pad, the assumption of a delta-like
input pulse is not valid and the performance of the Gamma4-fit degrades.
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Time Estimators

6 Data analysis
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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).
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Λ
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˜̂Z
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)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

√
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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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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

Ave. of the central (picked up) 20 rows.

 (Fix longitudinal Cd=220 μm/√cm)

Example Row 15
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Simulation on Z resolution

https://agenda.linearcollider.org/event/6783/
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Figure 11: Single point resolution in the z direction for simulation and di↵erent data
sets without magnetic field (left) and for 1 T (right).

di↵usion. It can however be seen that also the transverse di↵usion has an impact
on the z resolution. This might be correlated to a charge e↵ect as the charge is
narrower with magnetic field in the transverse plane and therefore more charge is
collected on a channel. This e↵ect is shown in the left plot of Fig. 12 depicting
the normalized maximum charge of the pulses illustrating that the number of larger
pulses is much increased with magnetic field. As the time of the hit is evaluated
from the largest pulse in that hit the time estimation therefore benefits from larger
pulses and thus improves the time resolution. The right plot in Fig. 12 shows the
slight improvement in the z resolution when reducing the transverse di↵usion by
20%. The di↵erence in transverse di↵usion when going from 0 T to 1 T is more
than a factor 3. The only way to reproduce the flat behaviour of the data is to
turn o↵ the longitudinal di↵usion in the simulation. This gives a flat response in
the simulation but at a lower level which represents then the resolution limit due
to the electronics capabilities. We suspect that there is some part in the electronics
that dominates over the fact that the charge is spread out in time, maybe in the
way the charge up is done which is not fully understood yet and therefore can not
be modeled ralistically in the simulation.

To verify the dependence of the z resolution on the pulse charge the resolution
is evaluated separately for 3 di↵erent charge regions:

1. Low charge: charge of maximum pulse between 0 and 100 ADC counts

2. Medium charge: charge of maximum pulse between 100 and 200 ADC counts

3. High charge: charge of maximum pulse above 200 ADC counts

The maximum charge value that can be reached with this electronics is around 900
ADC counts whereas the mean pulse charge is about 100 ADC counts. The result
is shown in Fig. 13. The larger the maximum charge of the pulse in a hit the better
the resolution in both measurement directions. The same result is obtained with
magnetic field.

9

The large difference, She implies in her report, 

We suspect that there is some part in the 
electronics that dominates over the fact that 
the charge is spread out in time, 
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Detailed Simulation of Large Prototype TPC

Testbeam Data

Astrid Münnich
DESY, Hamburg

September 29, 2014

Abstract

A simulation describing in detail the charge transfer processes in a GEM
stack was used to model data taken with the Large Prototype at the DESY
testbeam facility. Comparisons based on signal width and single point resolu-
tion will be presented. The simulation is then used to study the single point
resolution over long drift distances up to 2.5 m as needed for a TPC at the
International Linear Collider.
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Simulation on Z resolution
Fujii-san has a private simulator 
       for MPGD based TPC 

    // ----- PASA 
    const double tpk0  = 120.; // pekaing time   [ns] 
    const int    n0    = 4;    // shaper order 
    const double w0    = 50.;  // time bin width [ns] 
    const double noise = 5.;  // noise count 
    // ----- GEM 
    double sgprf = 0.27; // sigma_PRF  [mm] 
    double wpad  = 1.25; // pad pitch  [mm] 
    double lpad  = 5.20; // pad length [mm] 
    double len   = 10.;  // seg length [mm] 
    double nav   = 30.;  // <#primary ionizations> 
           nav  *= 1.4;  // 5 GeV electron > MIP 
    double vd    = 77.;  // drift velocity [um/ns] 

          double cdt =  94.,  // Cd_T [um/sqrt{cm}] 
          double cdl = 227.) ;// Cd_L [um/sqrt{cm}] 

17

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

the field shaper 2016:
Ave. of 20 rows

the field shaper 2016:
Ave. of 20 rows

σzσrφ

MC simulation
MC simulation

120.; // ALTRO pekaing time   [ns]120.; // ALTRO pekaing time   [ns]

Good agreement Bad agreement, what is it?

Time: Inflection

Time: Inflection
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Our Lab. has ALTRO and Laser system
beam

laser fluctuate 
   within a diameter  
  ~ 2.5mm

drift  ~ 1  cm

Cd=220 μm/√cm
L-Diffusion ~ 0.2 mm
1 time bin ~ 4mm

charge 
cloud

Pad91 Pad91 Pad91 Pad91

Pad rows
Z of laser shot is same position
drift is extremely small ~ 1 cm 

If every channels synchronously 
   start sampling, pulse time should be same  

especially for very short drift data 
                       and pads located in same pads.  

Cluster time (very short drift)
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Cluster time (very short drift)
beam

laser fluctuate 
   within a diameter  
  ~ 2.5mm

drift  ~ 1  cm

Cd=220 μm/√cm
L-Diffusion ~ 0.2 mm
1 time bin ~ 4mm

charge 
cloud

Pad91 Pad91 Pad91 Pad91

Pad rows

Row 10   Pad 91  different event

Looks 1 time bin
 difference ?

Our Lab. has ALTRO and Laser system

Z of laser shot is same position
drift is extremely small ~ 1 cm 

If every channels synchronously 
   start sampling, pulse time should be same  

especially for very short drift data 
                       and pads located in same pads.  
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Cluster Time distribution of Pad 91 in each row
Time Estimator : Inflection Point

Time

24 * 50 ns * 77 mm/ns
92.4 mm
unit is 10 times difference ? 

Cluster time (very short drift)

Time

Time
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Cluster Time distribution against Pad 91 in Row10

Time of Pad 91 in Row10Ti
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Time of Pad 91 in Row9Time of Pad 91 in Row8

Time of Pad 91 in Row6 Time of Pad 91 in Row7

Cluster time (very short drift)
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Ti
m

e o
f P

ad
 91

 in
 R

ow
10

Time of Pad 91 in Row8

Time of Pad 91 in Row8

Time of Pad 91 in Row10

Event 550

Pick up Specific event & Check Row pulse

time   = 24.9545

time   = 23.9684

1) Start time bin 22 & 23  
2) Time estimator use 3 or 4 bin
         Inflection gives large systematics?? 

Pulse shape is similar!
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Event548

Pick up Specific event & Check Row pulse

1) Time Estimator use only 3 bins sometimes, is it OK?
2) Electronics unsync. at least 1 time packets? 

Time of Pad 91 in Row10

Time of Pad 91 in Row8
Ti

m
e o

f P
ad

 91
 in

 R
ow

10

time   = 25.528

1) Start time bin 22 & 24  
2) Time estimator use 3 or 4 bin
         Inflection gives large systematics?? 

time   = 23.604

Need to check beam test data!

Pulse shape is similar!



MC: residual (log)

MC: residual (linear)
w/ time shift

w/ time shift
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Simulation on Z resolution Z Residual on certain Row

2σ fit (but no Asym shape)
    int shiftBin = 0.5>gRandom->Uniform(1.) ? 1:0; 

Time: Inflection
Resolution:   Gaus 2 sigma fit
                     RMS of distributions [-8,8]

Artificially, randomly,
   I include the effects of 
      1time bin shift in the simulation.

w/o time shift

[-8,8]

Trial !
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Simulation on Z resolution Z Residual on Row 15 (field shaper)

Data: residual (log)

2σ fit (but Asym shape)

Data: residual (linear)

Artificially, randomly,
   I include the effects of 
      1time bin shift in the simulation.

    int shiftBin = 0.5>gRandom->Uniform(1.) ? 1:0; 

2016 Data : Ave. 20Row RMS

2016 Data : Ave. 20Row Gaus

ACCIDENTALLY ?

(residual is Asym)

Time: Inflection
Resolution:   Gaus 2 sigma fit
                     RMS of distributions [-8,8]

[-8,8]
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Summary

・Rough view for Z resolutions using 2016 beam data 

  Ratio of the Ave. Neff  ~ 82.7 ± 3.8 %   which is expectation for the aperture  

Ave. σ0 (w/ the gatingGEM) = 269.7
○ Resolution σZ    ~  865 [μm]   with the full drift length of 2.2 m

Astrid implied, there is some part in the electronics that dominates 
over the fact that the charge is spread out in time, 

Q1). Are sampling clocks really synchronized among channels?
Can any ALTRO users prove it using ALTRO?  

・Simulation on behavior of the Z resolution (very personal opinion) 

The result I showed is just ACCIDENT?
Question to LCTPC

Q2). The method “Inflection point” works well?  
Better to re-think the time estimator?
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Felix Müller |  WP Metting |  21.05.2015  |  Page 6

Z Resolution

> The overall resolution drops but the main systematic is still the same

 Larger rise for 0T data than for 1T data

 Slightly worse σ
0
 for 1T data

> What N
eff

 is expected for z resolution? Same as for rφ resolution?

B=0 T B=1 T
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6.9 Spatial point resolution analysis

with A denoting the attachment coe�cient as before. An additional e↵ect needs to be consid-
ered in the case of zero magnetic field. In section 6.2, it was discussed that the hit position is
determined by the time of the central pulse only. If the transverse di↵usion of the charge cloud
is small, the central pad collects nearly all the electrons. If the pad response width is of the
order of the pad width, a significant amount of the electrons are not collected by the central
pad. Although a signal is still induced by electrons which are not collected by the central pad,
the signal is smaller and carries less information. Assuming the hit center is equivalent to the
pad center, the fraction of electrons f collected by the central pad is

f =
Z +w/2

�w/2

1p
2⇡�PRF(z)

exp
 
�1

2
x2

�2
PRF(z)

!
(6.27)

= 0.5 ·
0
BBBBB@erf

 
w/2p

2�PRF(z)

!
� erf

0
BBBBB@
�w/2p
2�PRF(z)

1
CCCCCA

1
CCCCCA

with w representing the width of the pads and �PRF(z) the z dependent pad response width. The
longitudinal resolution prediction is adjusted by this fraction:

�z(z) =

vt
�2

0 +
D2

l

Ne↵ · exp(�Az) · 0.5 ·
⇣
erf

⇣
w
2 /

⇣p
2�PRF

⌘⌘
� erf

⇣�w
2 /

⇣p
2�PRF

⌘⌘⌘z (6.28)

�PRF =
p
�0,PRF + Dtz . (6.29)
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(a) exemplary residual distribution
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(b) charge dependence of the time estimation

Figure 6.31: a) Example z-residual distribution of one measurement run. A Gaussian fit over the
full range and only the left side of the distribution is shown in blue and red, respectively. b) Charge
dependence of the time estimation. Smaller total charge of the pulses bias the time estimation to longer
drift distances. Therefore, an asymmetric residual distribution in the z direction is observed in figure
a). The width of the limited fit serves as input to the resolution estimation using the geometric mean
method.
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Felix PhD
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Cluster time beam beam fluctuate along Z
  ~ 2cm

drift 2.5 cm
Cd=220 μm/√cm
L-Diffusion ~ 0.4 mm

1 time bin ~ 4mm

charge 
cloud

Pad44 Pad44 Pad44 Pad44

Pad rows

If every channels synchronously 
   start sampling, pulse time should be same  

especially for very short drift data 
                       and pads located in same pads.  

time

Row

only pad 44  (same position along rφ)
similar charge distributions
    may be similar pulse shape.  

beam 
  position
   fluctuation
     along Z

Time vs Pad 44 (of each row)
Notice: time estimator is MaxADCBin

track quality cuts



condition same
1 time bin varies
(4mm)

Time vs Pad 44 (of each row)
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Cluster time beam beam fluctuate along Z
  ~ 2cm

drift 2.5 cm
Cd=220 μm/√cm
L-Diffusion ~ 0.4 mm

1 time bin ~ 4mm

charge 
cloud

Pad44 Pad44 Pad44 Pad44

Pad rows

If every channels synchronously 
   start sampling, pulse time should be same  

especially for very short drift data 
                       and pads located in same pads.  

time

Row

only pad 44  (same position along rφ)
similar charge distributions
    may be similar pulse shape.  

beam 
  position
   fluctuation
     along Z

Time vs Pad 44 (of each row)
Notice: time estimator is MaxADCBin

track quality cuts

If Time of the pad44 in the row 10 is    , 
 the other rows has which time ?

If synchro. (sampling clock chan by chan)
      is completed ,  values can be seen next to    .

Row
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Pipeline ADC 

LC Power Distribution & Pulsing Workshop, May 2011 22nd November 2011 M. De Gaspari 29th November 2011 

Time Alignment & Digital Error Correction 

(1.5 bit of data) 

10-bit Output 

VIN (n) 

Stage 9 

2 
VOUT (n) 

DAC sub-ADC   

CLK ClockGenerator 

VIN- 

VIN+ 

VREF+ 

2 bits 

(1.5 bit of data) 

2 bits 

(1.5 bit of data) 

2 bits 

(1.5 bit of data) 

2 bits 

(2 bits of data) 

2 bits 

Stage 1 Stage 2 Stage 3 Stage 8 

VCM 
VREF- 
Bias 

CERN ADC prototype by Hugo França-Santos: 

10bit, 40MHz, 1.5V supply, 34mW power, 0.7mm2 area 

 

System architecture 

LC Power Distribution & Pulsing Workshop, May 2011 22nd November 2011 M. De Gaspari 29th November 2011 

Level 1: Starts the data acquisition. 
Level 2: Validates data from previous L1. 
BD : 40 bit bidirectional bus; 20 bits address + 20 bit data. 
CTRL : 6 bits.  
Sampling clock : max 40MHz. Readout clock : max 80MHz.  

Alice TPC: ALTRO 

LC Power Distribution & Pulsing Workshop, May 2011 22nd November 2011 M. De Gaspari 29th November 2011 

anode  
wire 

pad  
plane 

drift region 
92µs 

PASA ADC Digital 
Circuit 

RAM 

8 CHIPS  (16 CH / CHIP) 

 
8 CHIPS (16 CH / CHIP) 

CUSTOM IC 
(CMOS 0.35µm) CUSTOM IC (CMOS 0.25µm ) 

DETECTOR 
 

Front End Card (128 CHANNELS) 

570132 PADS 3200 CH / RCU 

ga
tin

g 
gr

id
 ALTRO 

RCU 

kapton 
cable 

 
Custom 

Backplane 

L1: 6.5µs 
       1 KHz 

L2: < 100 µs 
          200 Hz 

1 MIP = 4.8 fC 
S/N    = 30 : 1 
DYNAMIC = 30 MIP 

CSA  
SEMI-GAUSS. SHAPER 

GAIN   = 12 mV / fC 
FWHM = 190 ns 

10 BIT 
10 MHz 

• BASELINE CORR. 
• TAIL CANCELL. 
•  ZERO SUPPR. 

MULTI-EVENT 
MEMORY 

smallest pad 
4 × 7.5 mm2 

PreAmplifier Shaping Amplifier = PASA 
ALice Tpc Read Out = ALTRO 

Two-chips system, 4x7.5mm pads 
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Drift velocity and diffusion (T2K gas)

230 V/cm

If we require the azimuthal resolution of 100 
μm at z = 200 cm the diffusion constant (D), 
which is essentially the only free 
(controllable) parameter depending on the 
choice of gas mixture, needs to be smaller 
than 30 μm/√cm.

The diffusion constant of drift electrons 
under the influence of an axial magnetic 
field (B) is given by D(B) = D(B = 0)/√1 + 
(ωτ)2 , where ω ≡ e · B/m, the electron 
cyclotron frequency, and τ is the mean free 
time of drift electrons between collisions 
with gas molecules. Therefore we need a gas 
mixture in which D(B = 0) is small (cool) and 
τ is fairly large (fast) under a moderate drift 
field (E)!

‣ The diffusion constant D is related to the diffusion 
coefficient (D∗) through D2 = 2D∗/W, where W is the 
electron drift velocity.

‣ The electron drift velocity is given by W = e · E/m · τ 
with e (m) being the electron charge (mass). A large 
value of τ, therefore, means a fast gas.

18
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Which reason
  makes 4mm (1time bin)?
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along φ ~ 15pads ~  *1.2mm  ~  2cm



Drift Length: Z [mm]
0 100 200 300 400 500

 [m
m

]
φr

σ

0

0.05

0.1

0.15

0.2

0.25
 / ndf 2χ  3.575 / 6

p0        0.002389± 0.05543 

p1        6.714e-05± 0.005877 

 / ndf 2χ  3.575 / 6

p0        0.002389± 0.05543 

p1        6.714e-05± 0.005877 

GM Resolutin (Module3 Row16)
 / ndf 2χ  3.051 / 6

p0        0.002233± 0.0553 

p1        6.535e-05± 0.005617 

 / ndf 2χ  3.051 / 6

p0        0.002233± 0.0553 

p1        6.535e-05± 0.005617 

 / ndf 2χ  3.051 / 6

p0        0.002233± 0.0553 

p1        6.535e-05± 0.005617 

/ndf = 3.58/62χ

m]µ  2.4 [± =   55.4 0σ

]cmm/µ 0.21 [± =   18.6 effN/DC

/ndf = 3.05/62χ

m]µ  2.2 [± =   55.3 0σ

]cmm/µ 0.21 [± =   17.8 effN/DC

 Z
effN

2
DC

+2
0σ = xσ

w/ the gating GEM

w/ the field shaper

https://agenda.linearcollider.org/event/7507/contributions/39322/

○ Evaluated Neff for the both module. 

yumia@post.kek.jp 182017.6.27 ALCW2017
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How to get electron transmission

hit in question included in 
the track fit

excluded from 
the fit

Geometric mean resolution

○ Determination of “hit position”
     → the Charge centroid method. 

the gating GEM: Neff = 22.8 ± 0.3 
the field shaper: Neff = 28.5 ± 0.4

  Ratio of the Ave. Neff  ~ 80.1 ± 1.2 %  

Ave. of the central 20 rows.  
    (Cd is measured with the same terms)
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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

for radial tracks

              resolution — Beam test —rφ

preliminary
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