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Introduction – COMET Experiment (Phase-l)

• The COMET Phase-I experiment is seeking to measure the neutrinoless,
coherent transition of a muon to an electron (! − # conversion)
in the field of an aluminium nucleus, !$% → #$%,
with a single event sensitivity of 3×10$+,.

• The ! − # conversion is one of the charged Lepton Family Violation (cLFV) processes.
The cLFV is definitely prohibited in the Standard Model ( BR  (! → #-) ~10$,/ ).

• The COMET experiment will be built and started in the Hadron Hall at J-PARK in 2019. 
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Other Experiments related to cLFV
• MEG Experiment at PSI
!0 → #0-	(BR	 < 4.2×10$+9	) 90 C.L.

• SINDRUM � Experiment at PSI
!$Au → #$Au	(BR	 < 	7×10$+9) 90 C.L.  



Introduction – COMET CDC
• The Cylindrical Drift Chamber (CDC) is the main detector for

the ! − # conversion conversion search in COMET Phase-I. 
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!
• Momentum resolution of CDC must be less than 200 keV/c.

(for the 105 MeV electrons) 

• Spatial resolution should be less than 200 μm.

(for the two gas mixtures at 1 T magnetic field) 

Requirements of CDC

charge that accumulates due to ionizations created in the regions between the inner (outer)
walls and the guard layer, which would, otherwise, accumulate in the absence of an electric
field. The wire configuration is summarised in Table 13.2.
Based on the wire arrangement a Monte Carlo simulation has been made. Track displays for
simulated events are shown in Figure 13.3.

Figure 13.3: A typical track display with a zoomed view. Closed thick dots are hit points along the
track, where a hit point is defined as a point with the closest approach to a specific sense wire. Thin
line circles are isochronal lines of those hit points. Blue and red thin closed dots represent field and
sense wires locations projected to an endplate. Energy of the track is 105 MeV.

Cell configuration Each cell has one sense wire surrounded by an almost-square grid of field
wires. The ratio of the total numbers of field to sense wires is 3:1. The cell size is 16.8 mm
wide and 16.0 mm height. It is nearly constant over the entire CDC region. Square cells are
well-suited to the low momentum tracks (such as those from the µ≠e conversion signal), which
might enter the drift cells with a large angles with respect to the radial direction. The stereo
angle Á is set to 64 ≥ 75 mrad, which is selected to achieve the longitudinal spacial resolution
‡z of about 3 mm. The CyDet will have 4,986 sense wires and 14,562 field wires.
The field wires are most massive material in the CDC tracking volume. In order to reduce mul-
tiple scattering at the field wires, aluminum is adopted as a material of the field wires because
of low-Z and low density. The intrinsic momentum resolutions of the CDC were estimated
for two cases of the field wire size; „80 µm and „126 µm as described in Section 13.5.2. The
„80 µm wire shows significantly better resolution than „126 µm wire. If we use the „80 µm
aluminum wire as a field wire, however, the operation voltage should be below 1730 V to keep
the electric field on the wire surface below 20 kV/cm, above which the wire surface starts to
deteriorate. According to the past test with CDC prototype, 1730 V is not enough to get
reasonable gain of the signal for any gas mixture. Also we found that the di�erence of the
momentum resolution between „80 µm and „126 µm wire configurations does not change the
physics sensitivity significantly. Therefore, we decided to use the „126 µm aluminum wire as
the field wire. A tension of 80 g is applied to the field wires to match the gravitational sag of
the sense wires.
The sense wires are made of gold-plated tungsten, 25 µm in diameter, tensioned to 50 g. The
deflection due to gravity is about 60 µm at the center of CDC. A maximum di�erence of the
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gas. A Monte Carlo simulations with an assumption of 200 keV/c momentum resolution
was carried out to study the momentum spectrum for DIO electrons and signal electrons.
In Figure 1.6, the vertical scale is normalized so that the integral of the signal event curve
is one event at a branching ratio of B(µN ! eN = 3 ⇥ 10�15. The window was taken to
be 103.6 MeV/c < Pe < 106.0 MeV/c, where Pe is the momentum of the electron. As for
position measurement, the spatial resolution of about 200 µm is required not to degrade
the momentum resolution.
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FIGURE 1.6: The momentum distributions for the
reconstructed µ � e conversion signals and recon-
structed DIO events. The vertical scale is normal-
ized such that the integral of the signal curve is

equal to one event

The CDC is stretched with 20 concentric sense layers (including 2 guard layers) with
positive and negative stereo angles alternatively. The main role of guard layers is to
remove the space charges that may be accumulated between the outermost/innermost
sense wire and outer/inner wall due to the ionizations.

1.7.2 SES at COMET Phase-I

A SES can be estimated by considering at the net signal acceptance and stopped muon
yields during the experiment. The goal of the COMET Phase-I is to improve the upper
limit by 100 times on aluminium, therefore,

B(µ� + Al ! e� + Al) = 3⇥ 10�15 (as SES) or (1.7)
< 7⇥ 10�15 (as 90 % C.L. upper limit) (1.8)

The SES can be calculated by

B(µ� +Al ! e� +Al) =
1

Nµ ⇥ fcap ⇥ fgnd ⇥Aµ�e
(1.9)

where Nµ is the number of muons stopped in the muon stopping target, fcap is the prob-
ability of muons being captured by the nucleus on condition of aluminium is 0.61, fgnd is
the fraction of µ � e conversion to the ground state in the final state, where fgnd = 0.9 is
taken and the Aµ�e is the net signal acceptance, where Aµ�e=0.041 is taken.

To achieve the target of single event sensitivity, (90% C.L.), we have to produced 1.5⇥
1016 stopping muons. Therefore, 3.2 ⇥ 1019 of protons on target (POT) is needed for the
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A typical track display from simulation



Introduction – COMET CDC
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One cell of CDC

• CDC is arranged in 20 sense layers (including 2 guard layers) 
with alternating positive and negative stereo angles.

Wire material # of Wires Diameter

Sense Au plated W 4986 25	!m
Field Al 14562 126	!m

Gas Magnetic Field

He: i −C- H./ = 90: 10 1 T

Status of CDC

1.7 m

1.6 m

Figure 13.19: CDC wires seen from the inside of CDC.

thickness of the inner CFRP is only 0.5 mm, and the drawing as shown in Figure 13.20. There
are 13 pieces of 50 µm thickness aluminum film pasted without glue on the outer side of the
CFRP pipe (that is inner side of the chamber) for grounding the innermost layer. The assembled
inner wall (CFRP pipe + support rings) will be shipped to KEK in April, and the wall will be
installed into the CDC at the clean room in Fuji building B4. The joint parts will be sealed
with silicon rubber to assure the gas tightness.
After the inner wall is installed, we check the gas tightness with herium gas in spring 2016.
The Belle-II CDC group achieved ≥ 50 cc/min of the leak rate. Because we have less holes and
joints area, we expect the leak rarte less than ≥ 20 cc/min, which corresponds to the 1% of the
circulation flow rate in our gas system.

13.2.5 Readout Electronics

Overview The readout electronics board for Belle-II CDC (called RECBE) has been chosen
as the front-end readout electronics for the COMET CDC with appropriate modifications.
It has tested adequately in terms of radiation hardness at the radiation level of the Belle-II
experiment. Figure 13.21 shows a photograph of the COMET CDC readout board. Each
board has 48 input channels, 6 ASD (Amplifier Shaper Discriminator) ASIC chips, 6 ADCs
and a FPGA of Virtex-5 XC5VLX155T. The ASD ASIC chips made by KEK (KEK-ASD)
are obsoleted, but the new ASD ASIC chip with same performance is developed by an external
vender which took over the development. The acquired data is sent to DAQ PC via a SFP slot
with the SiTCP technology through an optical fiber cable. The board has two RJ45 connectors,
one is for JTAG line to download the firmware into the FPGA, the other is for transmitting
clock, trigger and busy signals to the FCT board described in Section 16.1.. Modifications
made for COMET use are,
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wirewire
Inside of CDC

• Gas & Magnetic Field

• Wire (2 types)

The size of 1 cell
16mm�16.8mm



Analysis of Cosmic Ray Test

Analysis of Cosmic Ray Test for CDC
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Analysis of CRT – Setup for Cosmic Ray Test
• The Cosmic Ray Test for the CDC is now ongoing at Fuji building B4 in KEK. 
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• XT relation (relation between drift length and drift time ).
• Spatial resolution -> should be less than 200 μm.
• Hit Efficiency -> should be enough high.
• Alignment -> Track difference between top and bottom.

Evaluation

• Applied HV
1825 V

• Gas ratio
He: i −C' H() = 90: 10

• Trigger
Coincidence signal of S1 and S2

• Trigger Rate
S1 �S2 = 0.03 Hz

• Magnetic Field
not applied

• Measurement time & Events 
427.5 hours & 52298 events

Condition

CDC

S2

#11
#12
#13
#14
#15
#16

S1

#22
#21
#20
#19
#18
#17

Top side

Bottom side

Sincillator Readout Board

Readout board
(RECBE)



Analysis of CRT – Setup for Cosmic Ray Test
• The Cosmic Ray Test for the CDC is now ongoing at Fuji building B4 in KEK. 
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• XT relation
• Spatial resolution 
• Hit Efficiency
• Alignment

Evaluation

• Applied HV
1825 V

• Gas ratio
He: i −C' H() = 90: 10

• Trigger
Coincidence signal of S1 and S2

• Trigger Rate
S1 �S2 = 0.03 Hz

• Magnetic Field
not applied

• Measurement time & Events 
427.5 hours & 52298 events

Condition



Analysis of CRT – Tracking 
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• The way to get drift time and drift distance.

• Get T0 value (basement time)
by fitting the tdc distribution with function:

Drift Time

(by Belle ll )

-> able to fit more correct than gausian.
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H_t0

tdc [1.04 ns/bin]

en
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y

T0

�Create XT Curve (DCA vs Drift Time) from the
result of Garfield simulation.

Get the Drift Distance from Drift Time.  

Drift Distance

First Tracking

Second and more Tracking

Drift Time = tdc - T0
• Use the XT Curve which is created in the

last tracking result.
-> Get Drift Distance from Drift Time
-> Iterate this process

to improve the XT Curve and tracking.

DCA

+HV
Drift Distance

Track
DCA = Distance of Closest Approach 

Around 
Sense wire
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run203225 Iteration=4 : DCA vs Drift Time



Analysis of CRT – Tracking Reconstruction 
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• To improve XT curve and Tracking, select appropriate hits.

Tracking result of top side and bottom side of CDC 

2. Select appropriate hit and cut others.  

1. Chose 1 layer and suspect this layer makes the tracking bad. 

3. Make XT curve from appropriate hits.

4. Draw new track and improve XT curve from this tracking result. 

Iteration

Iteration

Multi hits
Should improve



Analysis of CRT – Tracking confirmation  
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(After 4 iterations)

Hit condition for XT Curve

• Prob !" ≥ 0.05

• # of single hit layers ≥ 16

• # of multi hit layers ≤ 1

• |DCA| < 10

& ' = 	
0

5,-	pol
linear
N/A

									t < 0	ns	
0	ns	 ≤ t < 360	ns	

360	ns ≤ t < 700	ns					
														t ≤ 700	ns

Fitting function for XT Curve
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run203225 Iteration=4 : DCA vs Drift Time

Top side

• To confirm the tracking result is good or not, check the XT Curve and fitting of it.
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Bottom side 

• XT Curve for all layer



Analysis of CRT – Tracking confirmation  
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• Fitting of XT curve dose not match the peak of XT distribution.

driftTime [ns]
0 100 200 300 400 500 600 700

D
C

A 
[m

m
]

10−

8−

6−

4−

2−

0

2

4

6

8

10

H_XT_all
Entries  35655
Mean x   188.8
Mean y   4.217
RMS x   149.8
RMS y    2.49

0

2

4

6

8

10

12

14

16

18

20

H_XT_all
Entries  35655
Mean x   188.8
Mean y   4.217
RMS x   149.8
RMS y    2.49

H2_XT_all
Entries  36515
Mean x     184
Mean y 4.188− 
RMS x   141.5
RMS y   2.446

0

2

4

6

8

10

12

14

16

18

20

H2_XT_all
Entries  36515
Mean x     184
Mean y 4.188− 
RMS x   141.5
RMS y   2.446

run203225 Iteration=4 : DCA vs Drift Time
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Top side

Fit line is not
on the red area.

Analysis of CRT – Tracking confirmation  
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• Fitting of XT curve dose not match the peak of XT distribution.
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Top side

Chi-square/DOF
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run203225 Iteration=4 : Chi-square/DOF
H_Chisq/DOF_all
Entries  940464
Mean    3.371
RMS     3.619

run203225 Iteration=4 : Chi-square/DOF• However distribution of !"/DOF of tracking looks not so bad (has peak in 1).

• As a result, this fitting problem leads to

spatial resolution and tracking result. 

• There is room for improvement.

Top side

Fit line is not

on the red area.

Plan : 1. pick up the peak of XT distribution and fit again.  -> Back up
2. separate 0~100 ns area and use another fitting function. 
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run203225 Iteration=4 : residual, bottom
H_ResidualBM_all

Entries  201105
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run203225 Iteration=4 : residual, bottom
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run203225 Iteration=4 : residual, top
H_ResidualTP_all

Entries  183933
Mean  0.007275− 
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 / ndf 2χ   1807 / 47
Constant  17.5±  4665 
Mean      0.00075±0.06877 − 
Sigma     0.0008± 0.2442 

run203225 Iteration=4 : residual, top

Analysis of CRT – Spatial Resolution 
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• Evaluate the special resolution of top & bottom side of CDC with residual.

Residual distribution

After 4 iterations

Residual = Drift Length - |DCA|

DCA

+HV

Drift Length

Track

• By fitting the residual distribution with gausian, 
get ! and define it as a kind of spatial resolution.

DCA = Distance of Closest Approach 

!"#$%&'() = spatial resolution + tracking error

Cut condition for Residual

• Prob *+ ≥ 0.05
• # of single hit layers ≥ 16
• # of multi hit layers ≤ 1
• |DCA| < 10

Bottom sideTop side

!"#$%&'() !"#$%&'()



Analysis of CRT – Spatial Resolution 
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• Evaluate the spatial resolution for each layer.

Top side of CDC           �
Bottom side of CDC �

Sigma of Residual

• !"#$%&'()	 of all layers are higher than the requirement (200 +m).
However in different Setup, !"#$%&'() is lower than 200 +m (already tested).

-> this is because of fitting problem.
-> cannot move on to the next alignment analysis so far…

Sigma of residual for each layer of top & bottom side
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run203225 layer1 : residual, top
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run203225 layer2 : residual, top

H_ResidualTP_lay3

Entries  9401

Mean  0.01766− 

RMS    0.5094

 / ndf 2χ  117.9 / 47

Constant  3.8± 216.1 

Mean      0.00355±0.07732 − 

Sigma     0.0039± 0.2452 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

H_ResidualTP_lay3

Entries  9401

Mean  0.01766− 

RMS    0.5094

 / ndf 2χ  117.9 / 47

Constant  3.8± 216.1 

Mean      0.00355±0.07732 − 

Sigma     0.0039± 0.2452 

run203225 layer3 : residual, top
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run203225 layer4 : residual, top

H_ResidualTP_lay5

Entries  10189

Mean   0.001942

RMS    0.4118

 / ndf 2χ  150.2 / 47

Constant  4.3± 282.8 

Mean      0.00296±0.07084 − 

Sigma     0.0031± 0.2367 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

H_ResidualTP_lay5

Entries  10189

Mean   0.001942

RMS    0.4118

 / ndf 2χ  150.2 / 47

Constant  4.3± 282.8 

Mean      0.00296±0.07084 − 

Sigma     0.0031± 0.2367 

run203225 layer5 : residual, top

H_ResidualTP_lay6

Entries  10116

Mean  0.0117− 

RMS     0.413

 / ndf 2χ  162.2 / 47

Constant  4.4± 282.8 

Mean      0.00297±0.07728 − 

Sigma     0.0031± 0.2366 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

H_ResidualTP_lay6

Entries  10116

Mean  0.0117− 

RMS     0.413

 / ndf 2χ  162.2 / 47

Constant  4.4± 282.8 

Mean      0.00297±0.07728 − 

Sigma     0.0031± 0.2366 

run203225 layer6 : residual, top

H_ResidualTP_lay7

Entries  10519

Mean   0.02486

RMS    0.4199

 / ndf 2χ  225.3 / 47

Constant  4.7± 315.6 

Mean      0.00263±0.06587 − 

Sigma     0.0027± 0.2222 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350

H_ResidualTP_lay7

Entries  10519

Mean   0.02486

RMS    0.4199

 / ndf 2χ  225.3 / 47

Constant  4.7± 315.6 

Mean      0.00263±0.06587 − 

Sigma     0.0027± 0.2222 

run203225 layer7 : residual, top

H_ResidualTP_lay8

Entries  10560

Mean   0.01368

RMS    0.4142

 / ndf 2χ  208.5 / 47

Constant  4.8±   318 

Mean      0.00264±0.07222 − 

Sigma     0.003± 0.223 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350

H_ResidualTP_lay8

Entries  10560

Mean   0.01368

RMS    0.4142

 / ndf 2χ  208.5 / 47

Constant  4.8±   318 

Mean      0.00264±0.07222 − 

Sigma     0.003± 0.223 

run203225 layer8 : residual, top

H_ResidualTP_lay9

Entries  10574

Mean  0.01065− 

RMS       0.4

 / ndf 2χ  221.1 / 47

Constant  4.7±   311 

Mean      0.0027±0.0751 − 

Sigma     0.0028± 0.2221 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350

H_ResidualTP_lay9

Entries  10574

Mean  0.01065− 

RMS       0.4

 / ndf 2χ  221.1 / 47

Constant  4.7±   311 

Mean      0.0027±0.0751 − 

Sigma     0.0028± 0.2221 

run203225 layer9 : residual, top

H_ResidualTP_lay10

Entries  10515

Mean  0.00712− 

RMS    0.3826

 / ndf 2χ  255.2 / 47

Constant  4.7± 312.3 

Mean      0.00268±0.06768 − 

Sigma     0.003± 0.225 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350

400
H_ResidualTP_lay10

Entries  10515

Mean  0.00712− 

RMS    0.3826

 / ndf 2χ  255.2 / 47

Constant  4.7± 312.3 

Mean      0.00268±0.06768 − 

Sigma     0.003± 0.225 

run203225 layer10 : residual, top

H_ResidualTP_lay11

Entries  10497

Mean  0.02445− 

RMS    0.3901

 / ndf 2χ  167.5 / 47

Constant  4.6± 303.5 

Mean      0.00270±0.05912 − 

Sigma     0.003± 0.223 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350
H_ResidualTP_lay11

Entries  10497

Mean  0.02445− 

RMS    0.3901

 / ndf 2χ  167.5 / 47

Constant  4.6± 303.5 

Mean      0.00270±0.05912 − 

Sigma     0.003± 0.223 

run203225 layer11 : residual, top

H_ResidualTP_lay12

Entries  10494

Mean  0.02726− 

RMS    0.3844

 / ndf 2χ  157.6 / 47

Constant  4.6± 304.8 

Mean      0.00275±0.07634 − 

Sigma     0.0029± 0.2275 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350

H_ResidualTP_lay12

Entries  10494

Mean  0.02726− 

RMS    0.3844

 / ndf 2χ  157.6 / 47

Constant  4.6± 304.8 

Mean      0.00275±0.07634 − 

Sigma     0.0029± 0.2275 

run203225 layer12 : residual, top

H_ResidualTP_lay13

Entries  10384

Mean  0.005131− 

RMS    0.4185

 / ndf 2χ  145.3 / 47

Constant  4.5± 296.3 

Mean      0.00279±0.08131 − 

Sigma     0.0029± 0.2274 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350

H_ResidualTP_lay13

Entries  10384

Mean  0.005131− 

RMS    0.4185

 / ndf 2χ  145.3 / 47

Constant  4.5± 296.3 

Mean      0.00279±0.08131 − 

Sigma     0.0029± 0.2274 

run203225 layer13 : residual, top

H_ResidualTP_lay14

Entries  10401

Mean   0.002146

RMS    0.4071

 / ndf 2χ  171.4 / 47

Constant  4.4± 294.4 

Mean      0.00288±0.06027 − 

Sigma     0.0030± 0.2352 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350

H_ResidualTP_lay14

Entries  10401

Mean   0.002146

RMS    0.4071

 / ndf 2χ  171.4 / 47

Constant  4.4± 294.4 

Mean      0.00288±0.06027 − 

Sigma     0.0030± 0.2352 

run203225 layer14 : residual, top

H_ResidualTP_lay15

Entries  9327

Mean  0.02703− 

RMS    0.4962

 / ndf 2χ  102.4 / 47

Constant  3.4± 187.2 

Mean      0.00386±0.06503 − 

Sigma     0.0041± 0.2506 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

20

40

60

80

100

120

140

160

180

200

220
H_ResidualTP_lay15

Entries  9327

Mean  0.02703− 

RMS    0.4962

 / ndf 2χ  102.4 / 47

Constant  3.4± 187.2 

Mean      0.00386±0.06503 − 

Sigma     0.0041± 0.2506 

run203225 layer15 : residual, top

H_ResidualTP_lay16

Entries  9994

Mean  0.01869− 

RMS    0.4823

 / ndf 2χ  84.54 / 47

Constant  3.6± 209.6 

Mean      0.00369±0.05926 − 

Sigma     0.0039± 0.2537 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250
H_ResidualTP_lay16

Entries  9994

Mean  0.01869− 

RMS    0.4823

 / ndf 2χ  84.54 / 47

Constant  3.6± 209.6 

Mean      0.00369±0.05926 − 

Sigma     0.0039± 0.2537 

run203225 layer16 : residual, top

H_ResidualTP_lay17

Entries  10131

Mean   0.002576

RMS    0.4621

 / ndf 2χ   76.7 / 47

Constant  3.4± 197.1 

Mean      0.00433±0.05626 − 

Sigma     0.0050± 0.2826 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

20

40

60

80

100

120

140

160

180

200

220

H_ResidualTP_lay17

Entries  10131

Mean   0.002576

RMS    0.4621

 / ndf 2χ   76.7 / 47

Constant  3.4± 197.1 

Mean      0.00433±0.05626 − 

Sigma     0.0050± 0.2826 

run203225 layer17 : residual, top

H_ResidualTP_lay18

Entries  10376

Mean  0.007398− 

RMS    0.4723

 / ndf 2χ  60.44 / 47

Constant  3.3± 189.4 

Mean      0.00480±0.06834 − 

Sigma     0.0057± 0.2981 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

20

40

60

80

100

120

140

160

180

200

220
H_ResidualTP_lay18

Entries  10376

Mean  0.007398− 

RMS    0.4723

 / ndf 2χ  60.44 / 47

Constant  3.3± 189.4 

Mean      0.00480±0.06834 − 

Sigma     0.0057± 0.2981 

run203225 layer18 : residual, top

Layer
0 2 4 6 8 10 12 14 16 18

Sp
at

ia
l R

es
ol

ut
io

n 
[m

m
]

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.32

run203225 Iteration=4 : Spatial Resolution

G_Spatial

Top

Bottom

run203225 Iteration=4 : Spatial Resolution



The way of Alignment Analysis  
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• One cosmic track should pass through 2 sectors (top and bottom).
• I’m planning to compare these 2 tracks and check the performance and alignment. 

Top side coordinates
!"", $"" : xy positon of top area by top readout track
!"%, $"% : xy position of bottom area by top readout track
&" : incident angle of track by top readout track

Bottom side coordinates
!%%, $%% : Same definition 
!%", $%" : Same definition
&% : Same definition

CDC

Top side!"", $""

!"%, $"%

X

Y

∆!" = !"" − !%"
∆$" = $"" − $%"
∆!% = !"% − !%%
∆$% = $"% − $%%
∆& = &" − &%

Evaluate these valuesCDC
X

Y

!%%, $%% Bottom side

!%", $%"
X

Y&



Next Plan

• Continue to analyze the data.
-> must modify the fitting problem.

• Combine both top side & bottom side data
and analyze the it again (Alignment).
-> Is the track from top side and bottom side

really the same track? (some error?)
-> How about the wire position error?

• Use larger trigger scintillator and
more readout boards. 
Take data from broader region.
-> already moved CDC to new cradle.
-> can put large scintillator on it.

2018/02/19 16ICEPP Symposium     Yugo Matsuda

before

new



Summary

1. Introduction
� COMET (Phase-l) experiment is searching for	"	# conversion .
� COMET CDC is the main detector for COMET phase-l.

2. Cosmic Ray Test & Analysis
� Cosmic Ray Test for CDC is ongoing at KEK. 
� Cosmic Ray Test evaluates the performance of CDC.
� There is fitting problem in XT curve.  
� Spatial Resolution is still not good due to the fit.

-> must modify

3. The way of Alignment Analysis
� Compare two tracks between top and bottom.
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Back Up

Back Up
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Analysis of CRT – improvement of XT curve  
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• The way of modification for XT curve.
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Analysis of CRT – Hit Efficiency
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Hit efficiency Event selection

• Prob !" ≥ 0.05
• # of single hit layers ≥ 16
• # of multi hit layers ≤ 1

Hit efficiency = 
# of events which has hit (residual<3%)

# of events which are selected



Analysis of CRT – tail of residual distribution   
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2.2. Spacial Resolution of Drift Chamber 15

effect of multiple scattering and shorten the drift time respectively. The baseline choice of
the gas mixture in COMET Phase-I is He�iC4H10(90/10) , which was chosen to minimize
the multiple scattering that deteriorates the momentum resolution. In Table 2.2, different
Helium-based low-Z gas mixtures are compared.

Gas X0 (m) W (eV) dEMIP /dx (keV/cm) nMIP
T (cm�1) nMIP

p (cm�1)
He�iC4H10(85/15) 954 38 1.14 40 18
He�iC4H10(90/10) 1310 39 0.88 29 14
He�iC4H10(95/5) 2102 40 0.61 19 9
He�C2H6(50/50) 630 32 1.63 60 27
He�CH4(73/27) 2166 39 1.47 17 11
He�CH4(80/20) 3073 40 0.47 13 8

TABLE 2.2: Comparison of different Helium-based low-Z gas mixtures,
where X0 is the radiation length, W is mean energy to generate one
electron-ion pair, dEMIP /dx, nMIP

T , and nMIP
p mean is energy loss per

cm, the number of electron-ion pairs per cm, and the number of primary
ions per cm for minimum ionizing particles, respectively.

2.2 Spacial Resolution of Drift Chamber

The spatial resolution of a drift chamber is determined by different processes. It can be
decomposed into several components:

1. Statistics of the primary ions/electrons

2. Diffusion

3. Time measurement by electronics

4. Tracking error

The total uncertainty is given by the square root of the sums of the individual contri-
bution:

�total =
q
�2
diff + �2

ion�stat + �2
elec + �2

track (2.8)

The intrinsic resolution is the combination of 1-3 components mentioned in the above.
The tracking error is unrelated to the properties of drift chambers, which is purely geo-
metrical and it depends on how many layers you have used for tracking. Since the reso-
lution is measured by residuals of hit positions and extrapolated/interpolated positions
from reconstructed tracks, the tracking error has to be excluded out to know the intrinsic
resolution. Therefore, the intrinsic resolution should be Eq. (2.9). In the case of using 7
layers for tracking in the CDC prototype IV, the tracking error is about 100 µm.

�intr =
q
�2
total � �2

track (2.9)

2.3 Readout Electronics - RECBE

The 48 channels RECBE board is developed by Belle II CDC group, which is shown in
Figure 2.3. The technology is adopted to the COMET Phase-I experiment. The board is
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Analysis of Cosmic Ray Test for CDC
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• In the stage 2 of Cosmic Ray Test, 
stared taking data and finished in the new SETUP

• Totally use 12+1 RECBE boards.
6 RECBEs -> Top,  6 RECBEs -> Bottom,  1 is used for trigger

• One of the small trigger scintillator S1 is located on the top of CDC. 

Setup

Also covered with
Al foil to shield.  

We took take data with only @1825V
because trigger rate was so small and 
time was limited.

Condition 
HV = 1825 V 
Trigger = S1&S2
Trigger rate = 0.03 Hz 

• As the first step, start to analyze the top & bottom side of CDC separately.

CDC

S2

#11
#12
#13
#14
#15
#16

S1

#22
#21
#20
#19
#18
#17

Top side

Bottom side

Hit Map



XT Curve for each layer (top)
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H_ResidualTP_lay17

Entries  10131

Mean   0.002576

RMS    0.4621

 / ndf 2χ   76.7 / 47

Constant  3.4± 197.1 

Mean      0.00433±0.05626 − 

Sigma     0.0050± 0.2826 

run203225 layer17 : residual, top

H_ResidualTP_lay18

Entries  10376

Mean  0.007398− 

RMS    0.4723

 / ndf 2χ  60.44 / 47

Constant  3.3± 189.4 

Mean      0.00480±0.06834 − 

Sigma     0.0057± 0.2981 

residual [mm]
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H_ResidualTP_lay18

Entries  10376

Mean  0.007398− 

RMS    0.4723

 / ndf 2χ  60.44 / 47

Constant  3.3± 189.4 

Mean      0.00480±0.06834 − 

Sigma     0.0057± 0.2981 

run203225 layer18 : residual, top
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H_ResidualBM_lay1

Entries  11467

Mean  0.005373− 

RMS    0.4461

 / ndf 2χ  79.77 / 47

Constant  3.9± 262.2 

Mean      0.00360±0.05516 − 

Sigma     0.0040± 0.2733 

residual [mm]
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H_ResidualBM_lay1

Entries  11467

Mean  0.005373− 

RMS    0.4461

 / ndf 2χ  79.77 / 47

Constant  3.9± 262.2 

Mean      0.00360±0.05516 − 

Sigma     0.0040± 0.2733 

run203225 layer1 : residual, bottom

H_ResidualBM_lay2

Entries  11190

Mean  0.01023− 

RMS     0.461

 / ndf 2χ  86.85 / 47

Constant  3.9± 257.4 

Mean      0.00361±0.05559 − 

Sigma     0.0040± 0.2719 

residual [mm]
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H_ResidualBM_lay2

Entries  11190

Mean  0.01023− 

RMS     0.461

 / ndf 2χ  86.85 / 47

Constant  3.9± 257.4 

Mean      0.00361±0.05559 − 

Sigma     0.0040± 0.2719 

run203225 layer2 : residual, bottom

H_ResidualBM_lay3

Entries  11291

Mean   0.008575

RMS    0.4769

 / ndf 2χ  121.8 / 47

Constant  4.1± 263.8 

Mean      0.00324±0.06292 − 

Sigma     0.0034± 0.2505 

residual [mm]
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H_ResidualBM_lay3

Entries  11291

Mean   0.008575

RMS    0.4769

 / ndf 2χ  121.8 / 47

Constant  4.1± 263.8 

Mean      0.00324±0.06292 − 

Sigma     0.0034± 0.2505 

run203225 layer3 : residual, bottom

H_ResidualBM_lay4

Entries  11166

Mean   0.01829

RMS    0.4747

 / ndf 2χ  168.1 / 47

Constant  4.2± 265.9 

Mean      0.00314±0.06721 − 

Sigma     0.0033± 0.2435 

residual [mm]
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H_ResidualBM_lay4

Entries  11166

Mean   0.01829

RMS    0.4747

 / ndf 2χ  168.1 / 47

Constant  4.2± 265.9 

Mean      0.00314±0.06721 − 

Sigma     0.0033± 0.2435 

run203225 layer4 : residual, bottom

H_ResidualBM_lay5

Entries  11092

Mean  0.0105− 

RMS    0.4083

 / ndf 2χ  259.7 / 47

Constant  4.9± 326.9 

Mean      0.00263±0.07522 − 

Sigma     0.0028± 0.2231 

residual [mm]
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H_ResidualBM_lay5

Entries  11092

Mean  0.0105− 

RMS    0.4083

 / ndf 2χ  259.7 / 47

Constant  4.9± 326.9 

Mean      0.00263±0.07522 − 

Sigma     0.0028± 0.2231 

run203225 layer5 : residual, bottom

H_ResidualBM_lay6

Entries  11158

Mean  0.01579− 

RMS    0.4063

 / ndf 2χ    296 / 47

Constant  4.8±   321 

Mean      0.0027±0.0663 − 

Sigma     0.003± 0.228 

residual [mm]
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H_ResidualBM_lay6

Entries  11158

Mean  0.01579− 

RMS    0.4063

 / ndf 2χ    296 / 47

Constant  4.8±   321 

Mean      0.0027±0.0663 − 

Sigma     0.003± 0.228 

run203225 layer6 : residual, bottom

H_ResidualBM_lay7

Entries  11124

Mean   0.00331

RMS    0.3719

 / ndf 2χ  334.3 / 47

Constant  5.3± 361.4 

Mean      0.00239±0.07016 − 

Sigma     0.0024± 0.2077 

residual [mm]
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H_ResidualBM_lay7

Entries  11124

Mean   0.00331

RMS    0.3719

 / ndf 2χ  334.3 / 47

Constant  5.3± 361.4 

Mean      0.00239±0.07016 − 

Sigma     0.0024± 0.2077 

run203225 layer7 : residual, bottom

H_ResidualBM_lay8

Entries  11075

Mean   0.001795

RMS    0.3667

 / ndf 2χ  261.5 / 47

Constant  5.2± 359.6 

Mean      0.00237±0.06768 − 

Sigma     0.0023± 0.2091 

residual [mm]
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H_ResidualBM_lay8

Entries  11075

Mean   0.001795

RMS    0.3667

 / ndf 2χ  261.5 / 47

Constant  5.2± 359.6 

Mean      0.00237±0.06768 − 

Sigma     0.0023± 0.2091 

run203225 layer8 : residual, bottom

H_ResidualBM_lay9

Entries  11062

Mean  05− 1.244e

RMS    0.3685

 / ndf 2χ  262.8 / 47

Constant  5.1±   348 

Mean      0.00248±0.06484 − 

Sigma     0.0026± 0.2172 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350

400

H_ResidualBM_lay9

Entries  11062

Mean  05− 1.244e

RMS    0.3685

 / ndf 2χ  262.8 / 47

Constant  5.1±   348 

Mean      0.00248±0.06484 − 

Sigma     0.0026± 0.2172 

run203225 layer9 : residual, bottom

H_ResidualBM_lay10

Entries  11020

Mean  0.006116− 

RMS    0.3697

 / ndf 2χ  277.1 / 47

Constant  5.2± 351.8 

Mean      0.0024±0.0705 − 

Sigma     0.0025± 0.2118 

residual [mm]
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H_ResidualBM_lay10

Entries  11020

Mean  0.006116− 

RMS    0.3697

 / ndf 2χ  277.1 / 47

Constant  5.2± 351.8 

Mean      0.0024±0.0705 − 

Sigma     0.0025± 0.2118 

run203225 layer10 : residual, bottom

H_ResidualBM_lay11

Entries  11078

Mean  0.01593− 

RMS    0.3804

 / ndf 2χ    257 / 47

Constant  4.9± 330.4 

Mean      0.00260±0.07265 − 

Sigma     0.0027± 0.2219 

residual [mm]
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H_ResidualBM_lay11

Entries  11078

Mean  0.01593− 

RMS    0.3804

 / ndf 2χ    257 / 47

Constant  4.9± 330.4 

Mean      0.00260±0.07265 − 

Sigma     0.0027± 0.2219 

run203225 layer11 : residual, bottom

H_ResidualBM_lay12

Entries  11013

Mean  0.006678− 

RMS    0.3788

 / ndf 2χ  308.9 / 47

Constant  5.1± 341.1 

Mean      0.00248±0.06284 − 

Sigma     0.0026± 0.2127 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

350

400

H_ResidualBM_lay12

Entries  11013

Mean  0.006678− 

RMS    0.3788

 / ndf 2χ  308.9 / 47

Constant  5.1± 341.1 

Mean      0.00248±0.06284 − 

Sigma     0.0026± 0.2127 

run203225 layer12 : residual, bottom

H_ResidualBM_lay13

Entries  11012

Mean   0.008809

RMS    0.3922

 / ndf 2χ  233.8 / 47

Constant  4.9± 329.1 

Mean      0.00257±0.06355 − 

Sigma     0.0027± 0.2205 

residual [mm]
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H_ResidualBM_lay13

Entries  11012

Mean   0.008809

RMS    0.3922

 / ndf 2χ  233.8 / 47

Constant  4.9± 329.1 

Mean      0.00257±0.06355 − 

Sigma     0.0027± 0.2205 

run203225 layer13 : residual, bottom

H_ResidualBM_lay14

Entries  11114

Mean   0.00895

RMS    0.3906

 / ndf 2χ  222.6 / 47

Constant  4.9± 338.6 

Mean      0.00250±0.05625 − 

Sigma     0.0025± 0.2182 

residual [mm]
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H_ResidualBM_lay14

Entries  11114

Mean   0.00895

RMS    0.3906

 / ndf 2χ  222.6 / 47

Constant  4.9± 338.6 

Mean      0.00250±0.05625 − 

Sigma     0.0025± 0.2182 

run203225 layer14 : residual, bottom

H_ResidualBM_lay15

Entries  11073

Mean   0.01028

RMS     0.486

 / ndf 2χ  140.7 / 47

Constant  3.9± 242.2 

Mean      0.00353±0.07023 − 

Sigma     0.0040± 0.2582 

residual [mm]
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H_ResidualBM_lay15

Entries  11073

Mean   0.01028

RMS     0.486

 / ndf 2χ  140.7 / 47

Constant  3.9± 242.2 

Mean      0.00353±0.07023 − 

Sigma     0.0040± 0.2582 

run203225 layer15 : residual, bottom

H_ResidualBM_lay16

Entries  11065

Mean   0.02735

RMS     0.497

 / ndf 2χ  139.1 / 47

Constant  3.9± 238.7 

Mean      0.00345±0.06464 − 

Sigma     0.0038± 0.2525 

residual [mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

0

50

100

150

200

250

300

H_ResidualBM_lay16

Entries  11065

Mean   0.02735

RMS     0.497

 / ndf 2χ  139.1 / 47

Constant  3.9± 238.7 

Mean      0.00345±0.06464 − 

Sigma     0.0038± 0.2525 

run203225 layer16 : residual, bottom

H_ResidualBM_lay17

Entries  11481

Mean  0.003475− 

RMS    0.4639

 / ndf 2χ  66.19 / 47

Constant  3.6± 227.6 

Mean      0.00412±0.05601 − 

Sigma     0.0047± 0.2861 

residual [mm]
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Entries  11481

Mean  0.003475− 

RMS    0.4639

 / ndf 2χ  66.19 / 47

Constant  3.6± 227.6 

Mean      0.00412±0.05601 − 

Sigma     0.0047± 0.2861 

run203225 layer17 : residual, bottom

H_ResidualBM_lay18

Entries  11624

Mean   0.01193

RMS    0.4676

 / ndf 2χ  83.99 / 47

Constant  3.7± 230.9 

Mean      0.00386±0.03673 − 

Sigma     0.0044± 0.2767 

residual [mm]
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Entries  11624

Mean   0.01193

RMS    0.4676

 / ndf 2χ  83.99 / 47

Constant  3.7± 230.9 

Mean      0.00386±0.03673 − 

Sigma     0.0044± 0.2767 

run203225 layer18 : residual, bottom


