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Looking for μ-e conversion 
Place：J-PARC (Ibaraki prefecture)

μ− + N(A, Z ) → e− + N(A, Z )

COMET Phase-I (S.E.S)  3×10-15

SM：BR O(~10-54) 
new physics：BR O(~10-15~10-17)

Previous research
SINDRUM-II @PSI  BR<7×10-13

Required performance for CDC

momentum resolution for 105 MeV/c electron 
 < 200 keV/c 

Back ground

μ− + N(A, Z ) → e− + ν̄e + νμ + N(A, Z )
DIO(Decay In Orbit)
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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,

146

wirewire
CDCĳ)ø

• ōŔ &	¹M

• ŷŇůź (2ÀČ)

The	size	of	1	cell
16mm	Đ16.8mm

ŔśŵŋÛ
É65~74	[mrad]

1.7 m

1.6 m

inside CDC



Update Cosmic Ray Test
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previous setup wiring all read out cable attached RECBE fixed plate

attached all RECBEcabling all cables Finished!!!



Cosmic Ray Test
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Trigger Scintillator

1130 mm x 440 mm x 6.5 mm 

HV               : 1800V 
Gas Mix        : He:i-C4H10 = 90:10 
Trigger         : scintillator  
Trigger Rate : ~30Hz

×6

Scintillator

Scintillator

run information

Setup

run239     ~237000 events

Motivation
Previously, only about 30% of CDC 
was used. We can use all areas now, 
so I want to evaluate the performance 
of CDC using cosmic ray. 
In particular, I want to evaluate the 
events with a large incidence angle on 
the cell or events along the layer.



Tracking ：T0 Determination
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Fit Function
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How to get drift time

drift time =(TDC(Hit wire) - Trigger timing -T0)× 1000 960 ns

Get T0 value by fitting the TDC histogram

←T0 (by Belle II)

we know we know ??
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good example

TDCT0

En
tr
y

bad example
T0 was not calculated correctly in some RECBE. 
It is because they have noisy data. 
This time I use the average value of T0 that I could 
calculate. 
→I will apply some noise cuts.



Tracking : Reconstruction
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xcell ࣠Λఆٛͨ͠ɻͦͯ͠ɺඈ੻͕ηϧͷӈଆʢxcell ࣠ਖ਼ʣΛ௨աͨ͠ͱ͖ͷ DCA Λਖ਼ͱ͠ɺ

ଆʢxcellࠨ ࣠ෛʣΛ௨աͨ͠ͱ͖ͷ DCA ΛෛͱఆΊͨɻ͜Εʹै͍ɺॳճͷඈ੻ߏ࠶੒Ҏ߱ͷ

৽͞Εͨߋ XT Χʔϒʹ͸ɺ͜ͷ DCA ͷਖ਼ෛͷఆٛΛ৽ͨʹಋೖ͠ɺ࣍ճҎ߱ͷඈ੻ߏ࠶੒ͷ

ਫ਼౓ͨ͛ܨʹ্޲ɻ4 ౓໨ͷ Iteration ʹ͓͚Δ XT ΧʔϒΛਤ 4.8ʹࣔ͢ɻ
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ਤ 4.8: ৽͞Εͨߋ XT ΧʔϒʢϨΠϠʔ 10 ʣɻԣ࣠͸υϦϑτؒ࣌ɻॎ࣠͸ DCA ɻ

ઌड़ͷΑ͏ʹɺ͜ͷ XT Χʔϒ͸ CDC ͷϨΠϠʔ͝ͱʹ 18 ϨΠϠʔಠཱʹ࡞੒͢Δɻਤ 4.8

͸ͦͷ͏ͪͷϨΠϠʔ 10 ͷ XT ΧʔϒͰ͋Δɻ͜ͷ XT ΧʔϒΛϑΟοςΟϯά͠ɺͦͷύϥ

ϝʔλʔΛऔಘͯ࣍͠ճҎ߱ͷඈ੻ߏ࠶੒ʹ༻͍ΔɻXT ΧʔϒͷϑΟοςΟϯάؔ਺ΛҎԼʹ

ࣔ͢ɻ

f(t) =

⎧
⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

0 (t ≤ 0)

g1(t) =
5∑

i=0

pit
i (0 < t ≤ tst)

g2(t) = q0 + q1t (tst < t ≤ 700)

N/A (700 < t)

(4.3)
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How to get drift distance

Use the XT curve to convert drift time to drift distance. 
This time I use the XT curve which Matsuda-san made. 
→I will make new one.

Event Display
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If a layer has multi hits, or one event has more than two cosmic rays, 
sometimes I can’t find the true track.

from Matsuda-san’s master thesis



Residual Distribution
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I made residual distributions separated by Distance of Closest Approach (DCA) 
Fit them with gaussian → get spatial resolution 
I will create  residual distributions for each incident angle with respect to the cell 
and check the dependence of the spatial resolution on the incident angle
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summary
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Updated Cosmic Ray Test(CRT) using full readout area of CDC. 
There was a problem with the DAQ system, now I had only one run data 
which include a lot of noise event and analyzed it. 

We could start data taking from last Friday. 
I will start to analyze full setup CRT data. 

TODO 
・apply noise cut conditions 
・determine T0 value for all RECBEs 
・make new XT curve  
・make new spatial resolution graph  
・evaluate incident angle dependence 
・etc.



back up



見積もり
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どのくらいの統計があれば良いか？

一番統計が貯まりにくいのはセルに対する入射角が90度付近のイベント 
これはCDCのY=0付近で真上から宇宙線が入射するイベント 
去年のデータでセルに対する入射角が0度or180度のものと同程度のイベントレートだと 
考えられる 
去年の解析と同じイベント数になるには8日間 
 

6.2 CDC ͷ z࣠ํ޲ґଘੑ

લड़ͷΑ͏ʹɺCOMET CDC ͷϫΠϠʔ͸ z ࣠ʢϏʔϜ࣠ʣʹฏߦʹுΒΕ͍ͯΔ΋ͷ͸ͳ

͘ɺશͯͷϫΠϠʔ͕ z ࣠ʹରͯ͠ަࠩ͢ΔΑ͏ʹ֯౓ʢεςϨΦ֯ʣΛͯͬ࣋ுΕ͍ͯΔɻ͜

ͷεςϨΦ֯͸ϨΠϠʔ͝ͱʹҟͳΓɺ͓Αͦ 65 ∼ 75 mrad ͷେ͖͞Λͭ࣋ɻ͜ΕʹΑΓ z ࣠

ͷҐஔ෼ղೳ͸໿޲ํ 3 mm ͱ͞ࢉܭΕΔɻ·ͨɺεςϨΦϫΠϠʔͷӨڹʹΑΓ CDC ͷηϧ

ͷܗঢ়͕ z ࣠ʹରԠͯ͠มԽ͢ΔɻຊڀݚͰ͸ɺ͜ͷηϧͷܗঢ়มԽʹΑΔ CDC ͷҐஔ෼ղೳ

΍ XT Χʔϒ΁ͷӨڹͷධՁΛͨͬߦɻ͜ͷઅͰ͸ɺηϧͷܗঢ়Λ౿·͑ͨ CDC ͷ z ґ޲ํ࣠

ଘੑʹ͍ͭͯड़΂͍ͯ͘ɻ

6.2.1 ηϧͷܗঢ়Λಛ௃͚ͮΔ֯౓ β

CDC ͷηϧ͸ͦͷ z ࣠ʹରԠͯ͠ܗঢ়͕มԽ͢Δɻηϧ͸ηϯεϨΠϠʔͱϑΟʔϧυϨΠ

Ϡʔ྆ํΛؚΉ 3 ϨΠϠʔͰߏ੒͞ΕΔɻ͜ͷͱ͖ɺԼଆͷ 2 ϨΠϠʔ͸ಉ͡εςϨΦ֯ͰϫΠ

Ϡʔ͕ுΒΕ͍ͯΔ͕ɺ্ͷ 1 ϨΠϠʔ͸ͦΕΒͱ͸ҟͳΔεςϨΦ֯ͰϫΠϠʔ͕ுΒΕ͍ͯ

Δɻ͕ͨͬͯ͠ɺz ࣠ʹରԠͯ͠ηϧͷܗঢ়͕มԽ͢Δɻηϧͷܗঢ়ͱͦͷ z ࣠ʹରԠͨ͠มԽ

Λਤ 6.15ʹࣔ͢ɻ

ਤ 6.15: ηϧͷܗঢ়มԽͱͦΕΛಛ௃͚ͮΔ֯౓ β ɻCDC ͷ z ࣠ʹରԠͯ͠มԽ͢Δɻ

CDC ͷ z ঢ়มԽ͕͋Δ͜ͱ͸ઌʹड़΂ͨͱ͓ΓͰ͋Δɻ͠ܗରԠͯ͠ɺͦͷηϧͷʹ޲ํ࣠

͔͠ͳ͕ΒɺϫΠϠʔͷ௕͞΍εςϨΦ֯͸ϨΠϠʔ͝ͱʹҟͳϧͨΊɺηϧͷܗঢ়͸ z ͱ͍͏

ύϥϝʔλʔͰ͸Ұ཯ʹܾ·ΒͣɺCDC ͷ z ͷґଘੑͷධՁ͸Ͱ͖ͳ͍ɻͦ͜Ͱɺ৽ͨ޲ํ࣠

ʹηϧͷܗঢ়Λಛ௃͚ͮΔ֯౓ β Λಋೖͨ͠ɻ֯౓ β ͷఆٛ͸ਤ 6.15ʹࣔ͢ͱ͓ΓͰ͋Δɻ·

ͨɺ֯౓ β ͱ֯౓ φ̃ ͷ྆ํΛͨ͠ࡌهఆٛΛਤ 6.16ʹࣔ͢ɻҎ߱ɺz ʹରԠ͢Δύϥϝʔλʔ

ͱͯ͠ηϧͷ֯౓ β ΛݟΔ͜ͱͰ CDC ͷ XT Χʔϒ΍Ґஔ෼ղೳͷධՁΛߦͳ͍ͬͯ͘ɻ

͜ͷఆٛʹ͕ͯͬͯ͠ɺώοτ͕͋ͬͨϫΠϠʔ͔Β֯౓ β ͷ෼෍Λ࡞੒ͨ͠ɻਤ 6.17ʹͦ

ΕΛࣔ͢ɻਤ 6.17ʹࣔ͢Α͏ͳ β ͷ෼෍͕ಘΒΕͨͷͰɺ֯౓͝ͱʹΠϕϯτΛ෼ྨ͍ͯ͘͠ɻ

ຊڀݚͰ͸͜ͷ β ͷ֯౓෼෍Λ 10 छྨʹ෼ׂͨ͠ɻ֯౓ͷ෼ׂͷ಺༁Λද 6.2ʹ·ͱΊΔɻ

ද 6.2ʹࣔ͢Α͏ʹ β Λ 5 ౓͝ͱʹ෼ׂͨ͠ɻଓ͘ҎԼͷ߲Ͱ͸ɺΠϕϯτΛ β ͝ͱʹ෼ׂ

ͯ͠ɺXT Χʔϒ΍Ґஔ෼ղೳͷධՁΛ͍ͯͬ͘ߦɻ

82

ୈ6ষ ඈ੻ͷೖࣹ֯౓ͱ z ґଘੑͷධՁ޲ํ࣠

͓Αͼͦͷ݁Ռͱ࡯ߟ

CDC ͷηϧʹର͢ΔӉ஦ઢͷೖࣹ֯౓ґଘੑ΍ɺCDC ͷ z ͳͬߦͷґଘੑͷධՁΛ޲ํ࣠

ͨɻຊষͰ͸ͦͷ݁Ռͱ࡯ߟΛड़΂Δɻ

6.1 ඈ੻ͷೖࣹ֯౓ґଘੑ

CDC ʹ͓͚ΔӉ஦ઢݧࢼͰऔಘͨ͠σʔλʹ͸ɺ༷ʑͳೖࣹ֯౓Λͭ࣋ඈ੻ͷΠϕϯτ͕͋

Δɻ͜ͷΑ͏ͳඈ੻͕ݸʑͷηϧʹରͯ͠ͲͷΑ͏ͳೖࣹ֯౓Ͱೖࣹͯ͘͠Δ͔ʹΑͬͯɺΨε

಺ͷిࢠͷυϦϑτ։࢝ҐஔͷӨڹ΍ɺηϧͷి৔ޯ഑ͷӨڹΛड͚Δ͸ͣͰ͋ΔɻຊڀݚͰ͸

ඈ੻Λೖࣹ֯౓͝ͱʹ෼ྨ͠ɺಛఆͷೖࣹ֯͝ͱʹ XT Χʔϒ΍Ґஔ෼ղೳ΁ͲͷΑ͏ͳӨ͕ڹ

ੜͯ͘͡Δͷ͔ͷௐࠪΛͨͬߦɻ

6.1.1 ηϧʹର͢Δೖࣹ֯౓ φ̃

Ӊ஦ઢͷೖࣹ֯౓ʹΑͬͯ CDC ͷੑೳ͕ͲͷΑ͏ʹมԽ͢Δ͔Λௐࠪ͢Δʹ͸ɺCDC ʹର͢

Δඈ੻ͷೖࣹ֯౓Ͱ͸ͳ͘ɺCDC ͷηϧ͝ͱʹඈ੻ͷೖࣹ֯౓Λఆٛ͢Δඞཁ͕͋ΔɻΑͬͯɺ

ηϧʹର͢Δೖࣹ֯౓Λಛ௃෇͚Δύϥϝʔλʔͱͯ͠ɺਤ 6.1ʹࣔ͢Α͏ͳ֯౓ φ̃ Λಋೖ͢Δɻ

ਤ 6.1: ηϧʹର͢Δඈ੻ͷೖࣹ֯౓Λಛ௃෇͚Δ֯౓ φ̃ ɻηϧͷ x ࣠Λج४ͱͯ͠ −180 ∼ 180

౓ΛͱΔɻ

֯౓ φ̃ ͸Ӊ஦ઢͷඈ੻ʹηϯεϫΠϠʔ͔ΒԼΖͨ͠ਨઢɺ͢ͳΘͪ DCA ͱηϧͷ x ࣠ͱ

ͷͳ֯͢Ͱ͋Δɻx ࣠ͷ 0 ౓Λج४ͱͯ͠ −180 ∼ 180 ౓ΛͱΔɻ͜ͷఆٛʹ͕ͨͬͯ͠ɺώο

τ͕͋ͬͨϫΠϠʔ͔Β֯౓ φ̃ ͷ෼෍Λ࡞੒ͨ͠ɻਤ 6.2ʹͦͷ෼෍Λࣔ͢ɻ

70

データ自体は30Hz程度で取れている



COMET-CDC
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Apply a magnetic field (1T)

main parameters of the CDC

Number of sense layers 20

Sense wire
Material Au plated W
Diameter 25μm 

Number of wires 4986

Field wire
Material Al 
Diameter 126μm

Number of wires 14562
Gas Mixture He:i-C4H10 (90:10)



Cosmic Ray Test
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Read out area

1130mm x 439mm x 6.5mm 

S5 S6

Trigger Scintillator

1128mm x 439mm x 6.5mm 

��*,3?NQSFQW

2019/03/14 6��$&�� (74
�"��  '��

• CDC?��*,3@ KEK ;7AJY\UM?���3! B4 =+:<5D4
• ���@-B�82�E��?,3? 6% 6C 35% >��894

• 
	1� : 1825 V
• IM#% : He: i −C& H'( = 90: 10
• -B�82� :��?) 35 %
• SZI] : L\P?KG\LR\M
• SZI][]S : ) 4.5 Hz

��

6.5 mm

439 mm

1128 mm

6.5 mm

439 mm

1130 mm

�0?L\P

�0?L\P

CDC -B�8
.

L\P[]O]

L\P[]O]

L\P[]O]

V]X/��E)70^HT]

Read Out Circuit

scintillator

scintillator

S5

S6



HitMap
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Hit Map

中津川さんが新しい形式のroot fileを読んでトラッキングするコードを開発 
gitからとってきて自分のbranchで解析 
HitMapのコードを走らせてみた
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RECBEの位置
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波形確認
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TDCNhitが1以上のイベントの波形を確認 
解析したrunは外部トリガーなので、ほぼノイズだと思われる 
TDCヒットが多いRECBEでは、同じイベントで違うchに同じ波形のノイズが入っている
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RECBE30.pdfとRECBE32.pdfを参照

→グラウンドが揺れていている？
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明らかにフィットできていないボードが 
たくさんある
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フィットがうまくいかないRECBE 前回見せていたノイズが多いRECBE

ノイズが多いRECBEとほぼ一致する 
フィットがうまくいかない左側のボードはHVが印加できないu7の領域を含むため
イベント数が足りないことが原因だと考えられる 
フィットできていないRECBEは一律でT0=-96とした 
これはうまくフィットができていると思われるRECBEのT0の平均値



Tracking

�22

トラッキングの方針 
各レイヤーから1ヒット取ってくる 
隣接するレイヤーそれぞれで最近接位置を求める 
最近接位置を結んで線を引く 
chi^2が一番よくなるようにフィットパラメータを決める 



run info
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run No. mode Threshold 
(mV)

Trigger Event

236 raw 3600 scintillation 
counter

238 suppress 3600 scintillation 
counter

239 raw 3600 scintillation 
counter

247 raw 3550 clock generator 5948

248 raw 3650 clock generator 5468

1020 raw 3500 clock generator 4467


