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Figure 2.2: SuperKEKB accelerator complex.

Figure 2.3: The 3D view of the Belle II detector

Belle Ⅱ experiment
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Belle Ⅱ detector

SuperKEKB e+e-→Υ(4S)→BB

• design Lumi. : 8×1035 cm-1s-1

• integrated Lumi : 50 ab-1


• Belle Ⅱ started data taking in 2018

• L = 1.14×1034 cm-2s-1 achieved

• accumulated ∫L = 10.57 fb-1 



Belle Ⅱ detector

 3

e+

e-

4 GeV

7 GeV

KL and muon detector 
RPC, Scintillator + MPPC

Time-of-propagation 
Aerogel RICH 

EM Calorimeter (CsI(Tl))Vertex detector 
PXD: 2 layer silicon pixel  
SVD: 4 layer silicon strip 

Central Drift Chamber

SC Solenoid (1.5T)



Central Drift Chamber (CDC)
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Roles of CDC

• track reconstruction and momentum measurement

momentum of the final states particles: < O(1 GeV/c)


•particle identification using dE/dx information


•providing trigger signal

multiple scattering effect is dominant for

momentum resolution for low momentum

particles

→ drift chamber with He:C2H6 gas 

                              (low-Z gas, X0 ~ 680m)

Event properties and background
● Average track multiplicity for 

Y(4S) events is about 11 tracks
● B/D meson tagging requires 

both high efficiency and 
purity of the tracks

● Many tracks are at low 
momentum

● Sizable machine background 
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KEK 素粒子原子核研究所
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2014 年 (平成 26 年) 2月 20日

1 はじめに
2014 年 1月 14 日にBelle II中央飛跡検出器 (CDC)の

ワイヤー張りに一区切りがついた。まだまだ多くの仕事
が残っていることは言うまでもないが，一つの大きなマ
イルストーンを迎え，ここまでの CDC建設を振り返っ
てみる。

2 Belle II 飛跡検出器
Belle II実験における飛跡検出器の役割は，荷電粒子

の運動量測定，トリガー信号を出すこと，および崩壊点
の位置決定や中性粒子との分離のためにトラックの情報
を得ることである。またエネルギー損失から，低い運動
量領域での粒子識別の情報を提供する。KEKB加速器の
SuperKEKB加速器へのアップグレートによるルミノシ
ティ向上に伴い検出器バックグラウンドも大幅に増える
ためレート耐性も要求される。ルミノシティに比例して
増える物理プロセスはもちろん，ビームサイズを絞るこ
とやビーム電流の増加によってビーム起因のバックグラ
ウンドが激増する。Belle II実験では飛跡検出器として
ヘリウムベースのガスを用いたドリフトチェンバーを選
択した。クエンチャーガスはエタンを用い，信号読み出
しのためのセンスワイヤーと電場形成のためのフィール
ドワイヤーには，それぞれ直径 30µmの金メッキタング
ステンと直径 126µmのアルミニウムを使用する。これ
らは Belle CDC [1]を踏襲したものであるが，主な荷電
粒子の運動量が 1GeV/c以下であることを考慮すると，
上述した全ての条件を満たす検出器としてこれ以上の解
はない。
増大するバックグラウンドレートに対抗するために信
号読み出しのエレクトロニクスも刷新する。きちんと書
くと長くなるので簡単に述べる。高速のプリアンプ ·波
形整形の直後にデジタル化した信号をパイプラインで読
み出すことで不感時間を短縮している。エレクトロニク
スをエンドプレートのすぐ後ろに配置し検出器内部から

図 1: CDCの半断面図。実線と点線は，それぞれ z軸に
平行なワイヤーとステレオワイヤーを示す。最内層の 8
本 (ピンク)はスモールセル部分。

エレクトロニクスハットまでの信号線の本数を抑えてい
る。KEKエレクトロニクスグループの全面的な協力を
得て開発を行ってきた。4 つのバージョンのプロトタイ
プの製作と 3度のビームテストなどを経て，2014 年か
ら実機の大量生産にこぎつけた。各種パーツおよび基板
の放射線耐性試験や磁場中での動作試験もクリアしてい
る。図 1に CDCの半断面図を示す。CDCは円筒形を
しており，円筒の中心軸方向にワイヤーが張られる。円
筒の前後に蓋のようにある円板がエンドプレートで，ワ
イヤーの両端が固定される。エンドプレートは，スモー
ル，コニカル，メインの 3つの部分からなる。メイン部
分は比較的平坦で，スモールとコニカルは 17 度から 150
度の角度をもつ円錐の形状をしている。スモールはコニ
カルおよびノーマルとセルのサイズが異なる。図 2は
Belleと Belle IIの CDCのセンスワイヤーの配置を比
較したもので，レバーアームが長くなり，またレイヤー
数が増えたことも分かる。Belle II検出器の構造からの
要請で Belle CDCと比べると内半径および外半径がと
もに大きくなった。レバーアームが長くなったため運動
量分解能の向上が見込める。チェンバーの内筒および外
筒には，それぞれ 0.5mm厚と 5mm厚の CFRPを用い
るなど徹底した軽量化を行っている。ワイヤーを固定す
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るエンドプレートには 10mm厚のアルミニウムを使用
する。Belleでは粒子がエンドプレートを通過する際に
path lengthが角度依存性を持たないような形状をとっ
ていたが，Belle IIではたわみがより小さくなる形状を
選んだ。エンドプレートに CFRPを使うことも検討し
たが，長期間張力がかかることで繊維の切断箇所からの
内部剥離による破損の可能性があることや，多数の穴加
工によるダストの除去が困難で放電の原因になること，
穴加工の位置精度を出すことが難しいなどの理由からア
ルミニウムを採用した。
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図 2: センスワイヤーの配置の比較。ドットとオープン
ドットは，それぞれ z軸に平行なワイヤーとステレオワ
イヤーを示す。 ((a) Belle CDC, (b) Belle II CDC)

3 CDC設計
ワイヤーの本数は，センスワイヤーが14336本，フィー

ルドワイヤーが 42240本あり，ワイヤーの張力を決める
際は，総張力によるエンドプレートのたわみとワイヤー
のたわみ (重力サグ)による位置分解能への影響を考慮
した。ワイヤーは重力によってたわむので，ワイヤーの
半径方向の位置は，z軸方向依存性をもつ。重力サグを
小さくするには張力を大きくすればいいが，そうすると
総張力が大きくなり，エンドプレートが大きく変形した
り，構造体が耐えられる限界を超えてしまう。センスワ
イヤーとフィールドワイヤーで重力サグの量を同じにす
れば，相対的な距離は位置に依存せず位置分解能への影
響はない。Belle CDCでは，重力サグが同じになるよ
うに張力が設定されていたが，そのまま適用するとワイ
ヤーの本数が増えたせいで総張力が 2 倍近くになって
しまう。安全のため総張力 4トン程度を目標にして，数
の多いフィールドワイヤーの張力を減らすことにした。
重力サグの影響が最も大きく見られるのは，粒子の入射
方向に対して垂直に重力がかかる場合である。その際，
センスワイヤーはセルの中心からずれるため電場が変化
し，本来の荷電粒子の通過位置とドリフト時間の対応関
係からずれが生じ位置分解能が悪化する。重力サグによ
る位置分解能への影響をシミュレーションによって調べ

図 3: セル構造の比較。丸と四角はそれぞれ Belle と
Belle IIを示す。(上 : φ方向のセルサイズ, 下 : φ方向
のセル数)

張力を決定した。フィールドワイヤーの径を小さくすれ
ば，同じ張力で重力サグを小さくすることができるが，
ワイヤー表面が高電場になると絶縁物が付着し放電し
やすくなるため (Malter effect [2])細いワイヤーは用い
なかった。図 3は Belleと Belle IIで，CDCの φ方向
のセルサイズとセル数を半径毎に比較したものである。
φ方向のセルの分割を細かくすることで，空間的に細分
化されるだけでなく最大ドリフト時間が短くなり，ワイ
ヤーのヒットレートとオキュパンシーを減らすことがで
きる。また，高いヒットーレートが予想される最内層の
8層 (スモールセル部)は φ方向と半径方向それぞれが
外側のノーマルセルの半分程度のサイズとなっている。
図 4に Belle II CDCのスモールセルとノーマルセルの
大きさの比較を示す。セルの形状は Belleと同様の扇形
である。

図 4: Belle II CDCのスモールセルとノーマルセルの大
きさの比較。
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small cell normal cell

cell structure

2325 mm

• 56 layers, arranged in 9 Super layers (SL)

• even SL: axial, odd SL: stereo  → 3D reconstruction of tracks

7

small cell chamber installation

• smaller cell for innermost SL to mitigate 

the occupancy and shorten the drift time

R of inner cylinder 160 mm
R of outer cylinder 1130 mm

length (Z) 2325 mm
angular coverage 17°<θ<150°
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cosmic ray test
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Position resolution

9/22/2016 D.V.Thanh   - JPS Meeting 15

Position resolution at good region: 80-150µm, it depends on layer. 

po
si

tio
n 

re
so

lu
tio

n

Outermost layer (L55)

data
Fit

Time to space (x-t) relation
• Time to space relation was described 

by:
• 5th order polynomial for main region

• Linear function for boundary region

• x = f(layer, α, θ, lr, t)
• x: Drift Length

• t: Drift Time 

• α: Incident angle

• θ: Polar angle

• lr: Left - right 

• This comic test: 
(56 layers) x (4 θ bins) x (1 α bin) x (left right).

9/22/2016 D.V.Thanh   - JPS Meeting 12

α = 0 deg, θ= 90 deg
Small cell

Normal cell

Time to space (x-t) relation
• Time to space relation was described 

by:
• 5th order polynomial for main region

• Linear function for boundary region

• x = f(layer, α, θ, lr, t)
• x: Drift Length

• t: Drift Time 

• α: Incident angle

• θ: Polar angle

• lr: Left - right 

• This comic test: 
(56 layers) x (4 θ bins) x (1 α bin) x (left right).
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α = 0 deg, θ= 90 deg
Small cell

Normal cellsmall cell normal cell

XT relation

residual
Including 
- t0 correction 
- iteration of XT function extraction 
- time of flight 
- propagation delay on wire

6-8mm

10
m

m

10-18mm

18
m

m

small cell normal cell

position resolution ~100um 

Primary ionization statistics

electron diffusion in gas

Electronics noise

electric field distortion

maximum drift time: 
small cell:    ~250 ns

normal cell: ~400 ns sense wire field wire

diameter 30 μm 126 μm

material Tungsten 

(gold plated ) Aluminum

tension 50 gw 80 gw
# of wires 14336 42240

drift time vs. distance from the sense wire
cosmic ray data
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Gas Gain and Drift Velocity

Operation Point

~2.3KV

• long radiation length (X0 ~680 m)

• fast drift velocity ( ~3.3 cm/μs averaged in the cell)

• plateau of drift velocity 

• good dE/dx resolution 
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first collision, 2018 Apr. 26th 0:38

CDC
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T.V. Dong, S. Uno, M. Uchida et al. Nuclear Inst. and Methods in Physics Research, A 930 (2019) 132–141

Fig. 8. Time-to-space, x(t), relation for layer 54, 10˝ < ↵ f 20
˝ and 75

˝ < ✓ f 105
˝. The

positive drift distances correspond to the tracks passing to the right and the negative
distances correspond to the tracks passing to the left of each sense wire. The data are
superimposed with the fitted function (black line).

Fig. 9. Position resolution as a function of the drift distance for layer 51, 0˝ < ↵ f 10
˝

and 50
˝ < ✓ f 75

˝. The data correspond to the tracks passing to the right of each sense
wire. The fitting function described in the text is superimposed with the experimental
data points.

using Eq. (1)). A typical example of the x(t) relation is shown in Fig. 8.
A fifth-order Chebyshev polynomial is applied to fit the x(t) relation in
the drift time region of 0–350 ns for the tracks passing to the left and
in the region of 0–330 ns for the tracks passing to right of each sense
wire. The x(t) relation at the boundary region is parameterised by a
linear function. These two functions are continuous at the transition
point.

4.4. Position resolution

The (intrinsic) position resolution, �, can be determined using the
formula

� =
˘
�unbiased � �biased , (3)

to exclude the contribution of the tracking uncertainty. Here, �unbiased
and �biased are the standard deviations of the single-Gaussian fits to the
biased and unbiased track-fitting residuals, respectively. The � values
are updated together with the x(t) relations in each iteration.

The position resolution is also calibrated for each layer, each side
and for different incident angles. A typical example of the dependence
of the position resolution on the drift distance is shown in Fig. 9. In this

Fig. 10. Time walk effect correction for a typical board (board ID 20). The red
triangles represent the result before and the black circles represent the results after
the correction.

plot, the best position resolution is 75 �m, which corresponds to a drift
distance of 0.45 cm. The position resolution depends on the layer and
on the incident angles; the best values vary in the range of 50–120 �m
and they are typically better than 100 �m.

The position resolution, determined using cosmic ray data as de-
scribed above, is crucial for the Belle II data analysis and Monte Carlo
(MC) simulation. It is parameterised assuming that there are four con-
tributions to the position resolution: (1) the ionisation statistic, which is
dominant at a small drift distance [18]; (2) diffusion of electrons in the
gas, proportional to

˘
x; (3) noise of the electronics, which is assumed

to be independent of the drift distance; and (4) distortion of the electric
field near the cell boundary, which can be empirically described by
an exponential function. The fitting function is the quadratic sum of
these four components and it fits the data appropriately, as shown in
the figure.

4.5. Time walk effect

The signal from the CDC is split into two paths, one for the pulse-
height measurement by the ADC and the other for timing measurement
by the TDC. For the timing measurement, a leading-edge type discrim-
inator is employed; hence, it is dependent on the input pulse-height
(known as the time walk [19]). The time walk calibration is performed
after the calibration of T

0
, x(t), and �. The dependence of �T (defined

in Section 4.2) on the ADC-count per board is examined; for a typical
board, it is shown by the red points in Fig. 10, where the time walk
effect can be seen clearly. The effect can be described by an exponential
function. The black points are the results after the time walk correction,
which are consistent with zero within 0.5 ns except for the first point
(ADC < 10), where the hits mostly result from the noise of the
electronics.

4.6. Calibration procedure

The full calibration procedure for the CDC is summarised in a
diagram shown in Fig. 11. The first iteration is started using a set of
raw T

0
values obtained from the TDC spectra, a set of x(t) relations

obtained from the Garfield simulation [12], position resolutions from
the beam test results [20] and null values for the time walk. First, the T

0

calibration is performed and iterated until the �T values of all channels
are consistent with zero. Then, the x(t) relation and position resolution
are calibrated and T

0
is also updated again simultaneously with the �

calibration. These three calibrations are repeated until they converge.
Finally, the time walk calibration is executed. The time walk correction
affects the estimation of the drift time. Therefore, a few additional
iterations for the calibration of the T

0
correction, x(t) relation and

position resolution are needed after the updated time walk calibration.

135

Central Drift Chamber 53

Figure 3.18: Time walk e↵ect.

In the Belle CDC case, a function “a+ b/
p
ADC” was adopted for the time

walk correction, however, the time walk e↵ect correction with this function is not

good enough for the Belle II CDC. so an exponential function (Eq. 3.6) is utilized

for Belle II CDC, It fit well to the data, as shown in Figure 3.19.

�T = p0 + p1e
�p2⇤ADC

, (3.6)

where, p0, p1 and p2 are constants for each electronics board. The constant term

p0 is ADC-independent. It is absorbed into T0. The fitted function is shown by

the red line in Figure 3.19. The black points shows the results after applying

the correction. They are zeros within 0.5 ns for the whole ADC range except the

first point (ADC < 10), where the hits mostly come from noise. Since the time

walk correction a↵ects the drift time determination, a few iterations for the T0

correction, x(t) and position resolution calibrations are needed after the time walk

corrections.

correction
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to be independent of the drift distance; and (4) distortion of the electric
field near the cell boundary, which can be empirically described by
an exponential function. The fitting function is the quadratic sum of
these four components and it fits the data appropriately, as shown in
the figure.

4.5. Time walk effect

The signal from the CDC is split into two paths, one for the pulse-
height measurement by the ADC and the other for timing measurement
by the TDC. For the timing measurement, a leading-edge type discrim-
inator is employed; hence, it is dependent on the input pulse-height
(known as the time walk [19]). The time walk calibration is performed
after the calibration of T

0
, x(t), and �. The dependence of �T (defined

in Section 4.2) on the ADC-count per board is examined; for a typical
board, it is shown by the red points in Fig. 10, where the time walk
effect can be seen clearly. The effect can be described by an exponential
function. The black points are the results after the time walk correction,
which are consistent with zero within 0.5 ns except for the first point
(ADC < 10), where the hits mostly result from the noise of the
electronics.

4.6. Calibration procedure

The full calibration procedure for the CDC is summarised in a
diagram shown in Fig. 11. The first iteration is started using a set of
raw T

0
values obtained from the TDC spectra, a set of x(t) relations

obtained from the Garfield simulation [12], position resolutions from
the beam test results [20] and null values for the time walk. First, the T

0

calibration is performed and iterated until the �T values of all channels
are consistent with zero. Then, the x(t) relation and position resolution
are calibrated and T

0
is also updated again simultaneously with the �

calibration. These three calibrations are repeated until they converge.
Finally, the time walk calibration is executed. The time walk correction
affects the estimation of the drift time. Therefore, a few additional
iterations for the calibration of the T

0
correction, x(t) relation and

position resolution are needed after the updated time walk calibration.
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time-to-space (XT) relation

Time walk correction

Central Drift Chamber 49

position resolution is estimated using following formula:

� =
p
�unbia · �bia, (3.5)

where the �unbia and �bia are the position resolutions estimated for the unbiased

and biased track fits. The biased and unbiased residual distributions are plotted

for each slice of the unbiased drift distance, x. Each distribution is then fitted with

a Gaussian function to obtain �unbia or �bia. The bins near a sense wire (x < 0.1

cm) are treated di↵erently: they are fitted with a Gaussian function just using the

positive side of the residual distribution. This is because hits with negative drift

distances are rejected in the track reconstruction (negative tail is cut-o↵).

Drift distance (cm) 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

m
)

µ
Po

sit
io

n 
re

so
lu

tio
n 

(

0

50

100

150

200

250

300

350

400
Data
Fitting curve
Ionization statistic near sense wire
Diffusion of electron in gas
Electronics noise
Ionization statistic near cell boundary

Figure 3.15: Position resolution as a function of the drift distance for the left
side, layer 51, ↵ = 5 degrees and ✓ = 60 degrees.

In the same way as for the x(t) relation, position resolution is also obtained

for each layer in the di↵erent incident angles, polar angles, and the left-right sides,

σ ~100um

Central Drift Chamber 53

Figure 3.18: Time walk e↵ect.

In the Belle CDC case, a function “a+ b/
p
ADC” was adopted for the time

walk correction, however, the time walk e↵ect correction with this function is not

good enough for the Belle II CDC. so an exponential function (Eq. 3.6) is utilized

for Belle II CDC, It fit well to the data, as shown in Figure 3.19.

�T = p0 + p1e
�p2⇤ADC

, (3.6)

where, p0, p1 and p2 are constants for each electronics board. The constant term

p0 is ADC-independent. It is absorbed into T0. The fitted function is shown by

the red line in Figure 3.19. The black points shows the results after applying

the correction. They are zeros within 0.5 ns for the whole ADC range except the

first point (ADC < 10), where the hits mostly come from noise. Since the time

walk correction a↵ects the drift time determination, a few iterations for the T0

correction, x(t) and position resolution calibrations are needed after the time walk

corrections.

calibration, alignment, correction

→σ ~100μm position resolution

using cosmic ray data
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Fig. 23. Resolution of d
0
as a function of transverse momentum.

Fig. 24. Dependence of the PT resolution on PT . Data points are shown together with
fitted lines. The fit function is �PT

_PT = aPT ‚ b, where a and b are fitting parameters.

The d
0
resolution is defined as the standard deviation of the �d

0
_

˘
2

distribution and determined by fitting a Gaussian to the distribution.
The dependence of the d

0
resolution on the transverse momentum

�
PT

�

for data and MC simulation are shown in Fig. 23. The x(t) relations
and position resolutions obtained from the calibration are assumed
in the simulation. Two MC results are shown in the figure; one is
simulated with the material of the mapper (described in Section 3),
which corresponds to the real condition, and the other is without the
mapper, which provides the intrinsic performance of the CDC. The d

0

resolution is degraded at the low PT because of the multiple scattering
in the mapper and it saturated at the high-PT region, where the multiple
scattering effect is small. The d

0
resolution of Ì120 �m was obtained

for PT > 5 GeV/c.
The transverse momentum resolution is defined as

�PT
PT

=

��PT _
˘
2

PT
, (7)

where �PT = P up
T * P low

T and PT = (P up
T + P low

T )_2. The distribution of
�PT _(

˘
2 PT ) for each 0.5 GeV/c wide PT bin is fitted with a Gaussian

to obtain the resolution. The results are shown in Fig. 24. The MC
results indicate that the B-field mapper significantly degrades the PT
resolution from 0.2% to 0.3% at PT = 0.75 GeV/c. The effect becomes
negligible in the high-PT region.

Table 1
Resolutions and residuals of track parameters at PT = 5 GeV/c.

Parameter Resolution Residual

PT (MeV/c) 36.5 (Ì 0.73%) *0.35
d
0
(�m) 126 *8.5

z
0
(mm) 1.43 0.084

'
0
(degree) 0.063 0.000

tan � 0.0023 0.0000

The PT -dependence of the PT resolution before the alignment is
parameterised as (0.177 ± 0.001)PT ‚ (0.325 ± 0.005) (%) (PT in GeV/c).
The resolution is considerably improved after the alignment and be-
comes (0.127 ± 0.001)PT ‚ (0.321 ± 0.003) (%) (PT in GeV/c). The
constant term is nearly unchanged before and after the alignment be-
cause it is dominated by the multiple scattering effect, while the slope,
which depends on the position resolution, is significantly improved
from 0.177 to 0.127. It is significantly better than the slope term of
0.2%, obtained from a simple extrapolation from the Belle CDC [1].

The d
0
resolution and slope term of the PT resolution are lower by

Ì20%–30% compared with the expectation from the MC simulation,
and the constant term of the PT resolution shows larger discrepancy.
There are a few possible sources, which can result in these differences,
such as the difference between the real magnetic field and the one used
in this analysis which is obtained from a simulation, the imperfection
of the mapper geometry assumed in the analysis. Other possible sources
are the remaining misalignment and the non-Gaussian components of
the position resolution, which are ignored in the current MC simulation.

The resolutions of track parameters and residuals for PT = 5 GeV/c
charged tracks are summarised in Table 1, where '

0
is the azimuthal

angle of a track momentum vector near the IP; other track parameters
are defined above. The remaining residuals are very small compared to
the resolutions.

7. Conclusion and discussion

We have developed calibration and alignment procedures for the
Belle II CDC, which is the main tracking device of the Belle II detec-
tor. The calibration procedure has been applied for the cosmic data
acquired with and without a magnetic field of 1.5 T, and it will be
used to calibrate the CDC with the collision data. Using the cosmic
data acquired without magnetic field, we successfully performed layer-
by-layer, wire-by-wire and the global rotation (twist) alignments for
the CDC. The CDC performance was evaluated using cosmic ray data
acquired in the presence of magnetic field. The momentum resolution
is better than the expected values. This improvement is attributed to the
better calibration and alignment methods. They are summarised briefly
as follows:

÷ Calibration: T
0
and time walk for the Belle CDC are calibrated in the

drift distance domain: �T is obtained by dividing the mean of residual
distribution by the average of the drift velocity. The precision of the
calibration is limited because the drift velocity varies and depending
on the drift distance. In order to improve the precision, we perform
the calibrations in the time domain as explained above. The time walk
correction function is also changed to improve the precision in the
large ADC region. The polar angle dependence of the x(t) relation is not
considered in the Belle CDC. The x(t) relation calibration for the Belle
II CDC is more stable than that in the Belle CDC by switching from 5th
polynomial to the 5th Chebyshev polynomial. Position resolution for
the Belle CDC is calibrated for only layer-dependently, while for the
Belle II CDC, in order to make the position resolution more realistic, it
is calibrated for each layer, each side and different incident angle.

÷ Alignment : The alignment for Belle CDC was performed using the
x(t) relation obtained from Garfield simulation, and the cathode and
inner parts are aligned to the main part. Layer-by-layer alignment
is only performed for the main part. For Belle II, by using the new
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σp

p
= ( σp

p )
meas.

× p ⊕ ( σp

p )
MS

momentum measurement

(position resolution)

multiple scattering

before alignment 
0.177pt[GeV/c] ⊕ 0.325 %

after alignment 
0.127pt[GeV/c] ⊕ 0.321 %

MC

cosmic ray data with B field, 2017

still worse than MC

• 20-30% discrepancy for slope term

• large discrepancy in constant term


possible sources:

• magnetic field in real and simulation

• remaining misalignment

• non-Gaussian components of pos. resol.

※ only CDC, VXD information not included
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• 2019 spring run data

• e+e- → μ+μ- events

※ VXD information is used

d0 : impact parameter in r-φ plane (= √(x02+y02))

z0  : impact parameter in z

 4
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CDC track-finding efficiency (using VXD tracking as reference)

In our studies we define the CDC tracking efficiency as: 

 

ϵCDC ≡ Ntracks(test cut)
Ntracks(reference cut)

where: 

- reference cut = SVD hits >= 8, |d0| < 2 cm, |z0| < 2 cm, pT > 0.8 GeV/c 

- test cut = reference cut & CDC hits >= 10

4

Studies on CDC track-finding efficiency, 35th B2GM, 4th February 2020

time dependence due to background level

CDC track-finding efficiency vs tanλ
As a preliminary test, the CDC tracking efficiency was evaluated as a function of the estimated 
tanλ at POCA for reconstructed tracks.

CDC efficiency experiences severe drops at low and high 
polar angles

Improved tracking performance at low and high polar angles

5

Studies on CDC track-finding efficiency, 35th B2GM, 4th February 2020

3. Tracking at the Belle II Experiment

This chapter gives a brief introduction into methods for track finding and fitting, which are
used at the Belle II Experiment.

3.1. The Perigee Helix Parametrization
The solutions for the equations of motion of a charged particle in a magnetic field B = B0êz

without energy loss are given by the helix equations. The helical track of a particle can
be described at an arbitrary point on the helix with six parameters, the position x and
momentum p of the corresponding particle at the given point. The helical track can also be
represented by an equivalent five dimensional parametrization at the point of closest approach
to the origin in the r„-plane given by

d0 =
Ò

x2 + y2,

Ê = q

pt · –
,

„ = arctan py

px
,

z0 = z,

tan ⁄ = pz

pt
.

There are di�erent five dimensional representations available. Here the parametrization which
is used in the Belle II framework is given. The parameters are the distance between the
origin and the perigee d0, the signed curvature of the track Ê, the direction of the transverse
momentum at the perigee „, the z coordinate of the perigee z0 and the slope of the track
in the rz-plane tan ⁄. The parameter – is proportional to the magnetic field and given by
– = 1011/(B · c). The five dimensional instead of the six dimensional representation is used to
store particle trajectories in the mDST format to save disk space.1 No additional information
on the particle trajectory is available in the mDST data, as the information on the measured
points along the trajectory is not stored. This implies that the specific trajectory of the
particle, e.g. its decreasing curvature due to energy loss, is lost and only its approximation by
a helix defined at the point of closest approach is available. This leads to complications in the
treatment of particles created outside of the beampipe, as described in Chapter 7.

3.2. The Legendre Track Finder
The task of track finding can be defined as a task of pattern recognition. The Belle II tracking
detectors o�er two and three dimensional position measurements, but give no information

1
This reduces the required storage space by one float variable for the state vector and six float variables for

its covariance.
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CDC acceptance
CDC full layer 

acceptance

CDC track-finding efficiency (using VXD tracking as reference)

In our studies we define the CDC tracking efficiency as: 

 

ϵCDC ≡ Ntracks(test cut)
Ntracks(reference cut)

where: 

- reference cut = SVD hits >= 8, |d0| < 2 cm, |z0| < 2 cm, pT > 0.8 GeV/c 

- test cut = reference cut & CDC hits >= 10

4
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by F. Dattola
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Belle II CDC
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2014 年 (平成 26 年) 2月 20日

1 はじめに
2014 年 1月 14 日にBelle II中央飛跡検出器 (CDC)の

ワイヤー張りに一区切りがついた。まだまだ多くの仕事
が残っていることは言うまでもないが，一つの大きなマ
イルストーンを迎え，ここまでの CDC建設を振り返っ
てみる。

2 Belle II 飛跡検出器
Belle II実験における飛跡検出器の役割は，荷電粒子

の運動量測定，トリガー信号を出すこと，および崩壊点
の位置決定や中性粒子との分離のためにトラックの情報
を得ることである。またエネルギー損失から，低い運動
量領域での粒子識別の情報を提供する。KEKB加速器の
SuperKEKB加速器へのアップグレートによるルミノシ
ティ向上に伴い検出器バックグラウンドも大幅に増える
ためレート耐性も要求される。ルミノシティに比例して
増える物理プロセスはもちろん，ビームサイズを絞るこ
とやビーム電流の増加によってビーム起因のバックグラ
ウンドが激増する。Belle II実験では飛跡検出器として
ヘリウムベースのガスを用いたドリフトチェンバーを選
択した。クエンチャーガスはエタンを用い，信号読み出
しのためのセンスワイヤーと電場形成のためのフィール
ドワイヤーには，それぞれ直径 30µmの金メッキタング
ステンと直径 126µmのアルミニウムを使用する。これ
らは Belle CDC [1]を踏襲したものであるが，主な荷電
粒子の運動量が 1GeV/c以下であることを考慮すると，
上述した全ての条件を満たす検出器としてこれ以上の解
はない。
増大するバックグラウンドレートに対抗するために信

号読み出しのエレクトロニクスも刷新する。きちんと書
くと長くなるので簡単に述べる。高速のプリアンプ ·波
形整形の直後にデジタル化した信号をパイプラインで読
み出すことで不感時間を短縮している。エレクトロニク
スをエンドプレートのすぐ後ろに配置し検出器内部から

図 1: CDCの半断面図。実線と点線は，それぞれ z軸に
平行なワイヤーとステレオワイヤーを示す。最内層の 8
本 (ピンク)はスモールセル部分。

エレクトロニクスハットまでの信号線の本数を抑えてい
る。KEKエレクトロニクスグループの全面的な協力を
得て開発を行ってきた。4 つのバージョンのプロトタイ
プの製作と 3度のビームテストなどを経て，2014 年か
ら実機の大量生産にこぎつけた。各種パーツおよび基板
の放射線耐性試験や磁場中での動作試験もクリアしてい
る。図 1に CDCの半断面図を示す。CDCは円筒形を
しており，円筒の中心軸方向にワイヤーが張られる。円
筒の前後に蓋のようにある円板がエンドプレートで，ワ
イヤーの両端が固定される。エンドプレートは，スモー
ル，コニカル，メインの 3つの部分からなる。メイン部
分は比較的平坦で，スモールとコニカルは 17 度から 150
度の角度をもつ円錐の形状をしている。スモールはコニ
カルおよびノーマルとセルのサイズが異なる。図 2は
Belleと Belle IIの CDCのセンスワイヤーの配置を比
較したもので，レバーアームが長くなり，またレイヤー
数が増えたことも分かる。Belle II検出器の構造からの
要請で Belle CDCと比べると内半径および外半径がと
もに大きくなった。レバーアームが長くなったため運動
量分解能の向上が見込める。チェンバーの内筒および外
筒には，それぞれ 0.5mm厚と 5mm厚の CFRPを用い
るなど徹底した軽量化を行っている。ワイヤーを固定す

241

full layer 
acceptance

2019 spring run, early 
2019 spring run, later 
2019 autumn run

z

using Bhabha-like events 

         ( e+e- → e+e- )
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Jitendra Kumar, CMU, Pittsburgh                        ➤ CDC dE/dx performance in proc10                            Feb 4 2020                                       S 5

nCDCHits <= 20 nCDCHits > 20

nCDCHits <= 20 nCDCHits > 20nCDCHits > 0

nCDCHits > 0

Proc10

+ 10.85% + 7.35% + 3.47%
cos! > -0.85 &&  
cos! < 0.95 

cos! < -0.85 ||  
cos! > 0.95 

release/410

dE/dx band plots (dE/dx vs p) 
 Tracks from IP and min 1 CDCHits  

 Electron based re-calibration done to encounter major changes from rel4 side.

 hlt_hadron and 9 random runs (1937, 2432, 2062, 2750, 2084, 2802, 2162, 2940, 2253)

e

μ,π

K
p

d

p [GeV/c]

dE
/d

x
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• 2019 spring run data

good separation is seen 
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• Mass resolution is (almost) consistent between exp3 and exp7

• Core sigma, core/tail fraction are still different …

Ks mass (decayed outside of VXD)

� ��� 	��
 
��������3/33021 ��

Exp7, r1000-1650Exp3, r5007-5613 KS → π+π−

(decay inside CDC) J/ψ → μ+μ−
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FIG. 2: The dimuon invariant mass of J/ ! µ+µ� candidates for an integrated luminosity of
2.62 fb�1 using the same environment and track selection as Fig. 1, but with muonID > 0.95 for
each muon candidate.
A Gaussian function summed with a Bifurcated Gaussian is used to model the signal and a first
order polynomial is used to model the background.
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FIG. 3: The dielectron invariant mass of J/ ! e�e� candidates for an integrated luminosity of 2.62
fb�1 using the same environment and track selection as the Fig. 1, but with further selection criteria
applied to J/ candidates in BB events. The momentum of the reconstructed J/ candidate in
the ⌥ (4S) frame is required to be below 2.0 GeV/c and the ratio between the (event-based) second-
order and zeroth-order Fox-Wolfram moment, R2, is below 0.4.
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•Belle Ⅱ CDC is working well


• vertex position resolution show good Data and 

MC agreement in di-muon events

•mean shifts are seen in Data, though

•Pt resolution vs. Pt needs more understanding
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Fig. 8. Time-to-space, x(t), relation for layer 54, 10˝ < ↵ f 20
˝ and 75

˝ < ✓ f 105
˝. The

positive drift distances correspond to the tracks passing to the right and the negative
distances correspond to the tracks passing to the left of each sense wire. The data are
superimposed with the fitted function (black line).

Fig. 9. Position resolution as a function of the drift distance for layer 51, 0˝ < ↵ f 10
˝

and 50
˝ < ✓ f 75

˝. The data correspond to the tracks passing to the right of each sense
wire. The fitting function described in the text is superimposed with the experimental
data points.

using Eq. (1)). A typical example of the x(t) relation is shown in Fig. 8.
A fifth-order Chebyshev polynomial is applied to fit the x(t) relation in
the drift time region of 0–350 ns for the tracks passing to the left and
in the region of 0–330 ns for the tracks passing to right of each sense
wire. The x(t) relation at the boundary region is parameterised by a
linear function. These two functions are continuous at the transition
point.

4.4. Position resolution

The (intrinsic) position resolution, �, can be determined using the
formula

� =
˘
�unbiased � �biased , (3)

to exclude the contribution of the tracking uncertainty. Here, �unbiased
and �biased are the standard deviations of the single-Gaussian fits to the
biased and unbiased track-fitting residuals, respectively. The � values
are updated together with the x(t) relations in each iteration.

The position resolution is also calibrated for each layer, each side
and for different incident angles. A typical example of the dependence
of the position resolution on the drift distance is shown in Fig. 9. In this

Fig. 10. Time walk effect correction for a typical board (board ID 20). The red
triangles represent the result before and the black circles represent the results after
the correction.

plot, the best position resolution is 75 �m, which corresponds to a drift
distance of 0.45 cm. The position resolution depends on the layer and
on the incident angles; the best values vary in the range of 50–120 �m
and they are typically better than 100 �m.

The position resolution, determined using cosmic ray data as de-
scribed above, is crucial for the Belle II data analysis and Monte Carlo
(MC) simulation. It is parameterised assuming that there are four con-
tributions to the position resolution: (1) the ionisation statistic, which is
dominant at a small drift distance [18]; (2) diffusion of electrons in the
gas, proportional to

˘
x; (3) noise of the electronics, which is assumed

to be independent of the drift distance; and (4) distortion of the electric
field near the cell boundary, which can be empirically described by
an exponential function. The fitting function is the quadratic sum of
these four components and it fits the data appropriately, as shown in
the figure.

4.5. Time walk effect

The signal from the CDC is split into two paths, one for the pulse-
height measurement by the ADC and the other for timing measurement
by the TDC. For the timing measurement, a leading-edge type discrim-
inator is employed; hence, it is dependent on the input pulse-height
(known as the time walk [19]). The time walk calibration is performed
after the calibration of T

0
, x(t), and �. The dependence of �T (defined

in Section 4.2) on the ADC-count per board is examined; for a typical
board, it is shown by the red points in Fig. 10, where the time walk
effect can be seen clearly. The effect can be described by an exponential
function. The black points are the results after the time walk correction,
which are consistent with zero within 0.5 ns except for the first point
(ADC < 10), where the hits mostly result from the noise of the
electronics.

4.6. Calibration procedure

The full calibration procedure for the CDC is summarised in a
diagram shown in Fig. 11. The first iteration is started using a set of
raw T

0
values obtained from the TDC spectra, a set of x(t) relations

obtained from the Garfield simulation [12], position resolutions from
the beam test results [20] and null values for the time walk. First, the T

0

calibration is performed and iterated until the �T values of all channels
are consistent with zero. Then, the x(t) relation and position resolution
are calibrated and T

0
is also updated again simultaneously with the �

calibration. These three calibrations are repeated until they converge.
Finally, the time walk calibration is executed. The time walk correction
affects the estimation of the drift time. Therefore, a few additional
iterations for the calibration of the T

0
correction, x(t) relation and

position resolution are needed after the updated time walk calibration.
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↑ Right

↓ Left

d: distance to the

    fitted track

not used in the track fit.

measured drift time

"distance to the fitted track” vs.

"measured drift time” is plotted.

fit function: fifth-order Chebyshev polynomial + linear function(boundary region)

56layer × 2RL × 18α × 7θ = 14112

→ 14112 XT relations
α: track incident angle in the r-φ plane

θ: track incident angle in the r-z plane
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Accumulated charge on wires
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Phase-3-2019-Autumn
Phase-3-2019-Spring
Phase-2

Layer

detector operation
• accumulated charge in total is ~5mC/cm for outer and 

10-20mC/cm for inner layers 
• total time with CDC HV peak (not include cosmic run) 

• 2019 Spring :  ~902 hours 
• 2019 Autumn: ~426 hours 

• beam operation with lower background level in 2019 
Autumn

6

-2018

• total accumulated charge 

10-20 mC/cm for inner layers

     ~5 mC/cm for outer layers



Gain degradation due to wire aging

 20

 Radiation Damage Test 

a: 	93 Plastic tube                d: 	94 SUS tube    
b: 	93 Plastic tube + O2 filter   e: 	94 SUS tube + O2 filter 
c: 	94 Plastic tube                f: 	94 Plastic tube 

Total accumulated charge on sense wire(C/cm) 

G
ai

n 
de

gr
ad

at
io

n 

https://www.phys.hawaii.edu/~superb04/talks/Uno.ppt

~ 1% gain degradation

with 0.2 C/cm 

※ with real Belle-1 CDC, no significant 

   gain degradation was observed with

   0.2 C/cm of accumulated charge

https://www.phys.hawaii.edu/~superb04/talks/Uno.ppt


Layer configuration
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SL Type N Layer Layer N cells / 
Layer N FE / SL

SL-0 A 8 0 - 7 160 26.7
SL-1 U 6 8 - 13 160 20.0
SL-2 A 6 14 - 19 192 24.0
SL-3 V 6 20 - 25 224 28.0
SL-4 A 6 26 - 31 256 32.0
SL-5 U 6 32 - 37 288 36.0
SL-6 A 6 38 - 43 320 40.0
SL-7 V 6 44 - 49 352 44.0
SL-8 A 6 50 - 55 384 48.0

Total 56 14336 298.7



Layer configuration
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T.V. Dong, S. Uno, M. Uchida et al. Nuclear Inst. and Methods in Physics Research, A 930 (2019) 132–141

Fig. 1. Longitudinal cross section of the Belle II CDC. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version
of this article.)

Fig. 2. Layer configuration of the Belle and Belle II CDCs.

Fig. 3. Wire configuration. The red crosses are the sense wires and the grey circles
are the field wires.

Fig. 4. Flow chart of data analysis. Parameters used for the first iteration: the T
0
values

for each channel, obtained from the TDC-count spectrum (see Section 4.2 for details)
and the initial x(t) relations obtained from Garfield [12] simulation (see Section 4.3).

3. Cosmic ray data acquisition and track reconstruction

During commissioning of the CDC, cosmic ray data were recorded
both with and without the magnetic field.

÷ Cosmic ray data acquired without magnetic field: This set of data
is triggered using a plastic scintillator, with a size of 100 cm (length)
ù 6 cm (width) ù 6 cm (thickness), located at the interaction point
(IP) region. A track segment (TS) in super-layer 2 [1,10] of the CDC
is also required for the data acquisition, where TS is an element
constructed for the track trigger. The trigger timing is determined by
the scintillator.

÷ Cosmic ray data acquired in the presence of a magnetic field of 1.5 T :
This set of data was obtained in July and August 2017 using the Belle
II DAQ system [11] and the following sub-detectors: electromagnetic
calorimeter (ECL), time-of-propagation Cherenkov counter and a barrel
KL and muon detector [1]. To record cosmic rays without using the
plastic scintillator, a TS at super-layer 2 and at least two ECL signals
are required. The trigger timing is provided by the ECL signals. These
data, acquired simultaneously with a magnetic field measurement at
the IP region, were affected by the presence of the measurement device
(hereafter called ‘‘mapper’’), which used three aluminium plates with
a thickness of 1.2 cm each.

The CDC cosmic data are analysed with the Belle II Analysis Soft-
ware Framework (BASF2) [13]. The track finder [14] is suitable for
cosmic ray data analysis, in which all tracks are regarded as downward-
going, instead of outward-going, such as in the case of the collision
data, and as a result, the time of flight is negative for the upper-half
cosmic ray tracks. Tracks are then fitted by the GENFIT2 [15,16] track-
fitting toolkit using a deterministic annealing filter algorithm [17] in
order to reject outlier hits and resolve the left/right ambiguity. Both the
biased and unbiased fitted parameters (drift distances and residuals) of
each hit are used for calibration and alignment purposes (see Fig. 4).
Here, biased fitting refers to the method when a given hit is included
in the track fitting, while in the unbiased fitting these hits are excluded
from the fit.

4. Calibration

In this section, we describe the calibration procedure used for each
parameter separately and follow it with an explanation of the entire
calibration procedure. Each iteration (which is discussed later in this
paper) includes a track reconstruction, an acquisition of the fitted
information of the associated hits, execution of the algorithms for the
calibration, and then an update of constants for the next iteration (see
Fig. 4).
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NIM A 930, 132 (2019), https://doi.org/10.1016/j.nima.2019.03.072

R of the innermost layer (L0) : 88 mm → 168 mm

R of the outermost layer : 863 mm → 111.4 mm

# of sense wires: 8400 → 114336

https://doi.org/10.1016/j.nima.2019.03.072


Material budget inside CDC, X0
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density (20℃,1 atm) 

[g/cm3]

density 

[g/cm3]


(mixed gas)

S [cm2] ρ*S [g/cm] X0 [g/cm2] ρS/X0 [cm]

( = wi/X0)

He 1.663E-04 8.315E-05 3.93E+04 3.27 94.32 0.03

C2H6 1.263E-03 6.315E-04 3.93E+04 24.82 45.66 0.54

W 19.30 19.30 1.01E-01 1.96 6.76 0.29

Al 2.699 2.699 5.27E+00 14.22 24.01 0.59

density (20℃,1 atm) [g/cm3] X0 [g/cm2] X0 [cm] X0 [m]
He:C2H6 7.147E-04 48.6 6.797E+04 679.7

total 1.126E-03 30.3 2.693E+04 269.3
wire + vacuum 4.114E-04 18.3 4.460E+04 446.0

w[g]
Xcomp.

0 [g/cm2]
= ∑

wi[g]
Xi

0[g/cm2]
http://pdg.lbl.gov/2019/AtomicNuclearProperties/index.html

https://cds.cern.ch/record/1279627/files/PH-EP-Tech-Note-2010-013.pdf

1/2

XY cross-sections with approximations: cylinder, all axial wire (ignore stereo angle)

• total cross-section of CDC: π(R2-r2) = π*(1132-162) = 3.93e4 cm2

※total volume: πL(R2-r2) = π*232.5*(1132-162) = 9.14e6 cm3 (~9000ℓ)


• total cross-section of sense wires  = 14336 * π * (0.0030/2)2 = 0.101 cm2

• total cross-section of field wires     = 42240 * π * (0.0126/2)2 = 5.27 cm2

(He:C2H6=50:50)

http://pdg.lbl.gov/2019/AtomicNuclearProperties/index.html
https://cds.cern.ch/record/1279627/files/PH-EP-Tech-Note-2010-013.pdf


momentum resolution
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Overall momentum uncertainty (MS and sagitta independent):

�p

p2 = �x
0.3B`2

q
720
N+4�

0.0157GeV/c
0.3B`p

p
`/X0[1 + 0.038 ln(`/X0)]

This can be seen as:
�p

p2 = [detector construction]� [material budget]/p

As a track points more in the “forward” direction in a solenoidal magnetic field, 
                    θ ~ 0,  
two things happen: 

i) the full radial track length is not reached as the particle enters the end cap, and 
ii) the Lorentz bending force is less as v x B goes to zero.   

Both effects can be represented and scaled as:

�p/p2 ! 1/ sin5/2 ✓

parameter value
Lever arm: L [m] 0.9434
radiation length: X0 [m] 269.3
B field: B [T] 1.5
position resolution: σ [m] 1E-04
# of meas. points 56

σp

p
= ( σp

p )
meas.

× p ⊕ ( σp

p )
MS

MS: multiple scattering

a b
a 0.086%
b 0.172%

0 1 2 3 4 5 6 7 8 9 10
]c [GeV/tp

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 [%
]

t
/p tp

σ

 resolutiontp  resolutiontp

σp

p
= 0.086% × p[GeV/c] ⊕ 0.172 %Event properties and background

● Average track multiplicity for 
Y(4S) events is about 11 tracks

● B/D meson tagging requires 
both high efficiency and 
purity of the tracks

● Many tracks are at low 
momentum

● Sizable machine background 

5

1 GeV/c

http://majorana.knu.ac.kr/resources/Teaching/PPEaHC/5-notes.pdf

multiple scattering effect

http://majorana.knu.ac.kr/resources/Teaching/PPEaHC/5-notes.pdf


Structure

[2]

number of electrons and ions produced move 

speedily near the sense wire. The sense wire 

senses the motion and creates a pulse signal. 

The signal is then sent to the data acquisition 

(DAQ) system.

 

Same concept, robust structure
“The design of the new CDC does not change 

much from the original, because Belle’s CDC 

has worked very well throughout the past 

decade,” says Uno. “However, SuperKEKB will 

produce collisions at 40 times higher 

luminosity, so the new CDC must be able to 

work in conditions with 20 times higher 

background noise.” By adding more sense 

wires, Uno and Taniguchi can improve the 

signal-to-noise ratio.

The CDC is a barrel structure around the beam 

pipes, and sits just outside a cylinder of the 

inner detector called silicon vertex detector 

(SVD). One big change in the baseline design is 

that the outer detector to the CDC, the particle 

identification detector (PID), will shrink in size 

by a factor of 3, owing to the new technology 

called time of propagation counter. Due to this 

and in order to maintain the current level of 

performance in a high luminosity environment, 

the number of wires in the CDC will be 

doubled. The current CDC has 8,464 sense 

wires and 25,392 field wires. The upgraded 

CDC will have 14,336 sense wires and 42,240 

field wires. 

“The key is to balance weight of the wires, the 

wire tension, and the performance 

deterioration due to gravitational sag of the 

wires,” explains Taniguchi. Since wires are 

strung horizontally, gravity makes the sense 

wires sag at the middle. The sagging can 

affect measurements. Taniguchi calculated 

the sag due to gravitation for a range of 

tensions, and simulated the effect on the 

performance. “If the influence of sagging on 

the performance of the detector is smaller 

than the influence of the detector’s inherent 

mechanical resolution, then we are good.”

The biggest concern, however, is the tension 

on the end plates due to the wires. Currently, 

the CDC’s thirty thousands wires produce 3 

tons of force, displacing the location of the 

endplates as much as 3 millimeters. “The 

current endplates are shaped so that 

particles entering the CDC have to go 

through minimum distance of material,” 

explains Uno. The cross sectional view of the 

endplates are therefore curved so that 

particles from the interaction point would fly 

through no more than one centimeter of the 

endplate thickness in radial direction.

The endplates for the new CDC will have to 

endure 4 tons of force. “The cross section of 

the new endplates will be a straight line 

This cross-sectional view shows the arrangement of sense wires for the Belle 

CDC (top) and Belle II CDC (bottom). Owing to the compactness of the outer 

detector (the particle identification detector or PID), the new CDC will be able to 

accommodate twice as many wires as the current one. It has a structure called 

super-layer, consisting of a combination of wires arranged in axial direction 

parallel to one another (A), and of wires arranged in varying angles (U). Six layers 

of axial wires make one group and six layers of stereo wires make another.

The current Belle 

detector (bottom) and 

the upgraded Belle II 

detector (top) viewed 

from the top. The 

CDC tracks charged 

particles with 

horizontally arranged 

wires and a helium 

based mixture of 

gases. Note that the 

endplates on the new 

CDC (blue) have a 

different shape so as 

to increase their 

physical strength.
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図 1: トリガーシステムの概略。太線で示されている部分が Belle IIで新たに導入された部分。左端および上部右側
に示されているのはそれぞれのサブトリガーに参加している国内外の機関。

2 CDC トリガー
CDCは荷電粒子の飛跡検出器である [3]。図 2にCDC

の断面図を示す。直径はおよそ 2m20cmでBelleよりお
よそ 40cm大きくなっている。z軸方向の長さはおよそ
2m30cmである。総数 14336 本のセンスワイヤーは, 6
層で一つのスーパーレイヤーを形成する9。全体は 9 つの
スーパーレイヤーで構成され, そのうち 5 つがアキシャ
ル, 4つがステレオで, 交互に配置されている。すべての
スーパーレイヤーで TSF (Track Segment Finder) と呼
ばれる, ワイヤーレイヤー 5 層を使ったグループを作り,
この TSFをトラッキングの基礎情報として使用する。

Belleでは 0.2 GeV/cと 0.3 GeV/cの二つの PT 閾値
で荷電粒子数のみをカウントしていたが, Belle IIでは
荷電粒子数のみならず, 各荷電粒子の電荷, 運動量 (PT

および Pz), および z方向の発生位置 (∆z)を測定できる
ように設計した。∆zの測定はバックグラウンド事象判
定への強力な武器となるため, 通常の三次元トラッカー
のほか, ニューラルネットを使った三次元トラッカーの
二つを同時に開発中である。
図 3に CDCトリガーの概要を示す。トリガー情報は
フロントエンドからマージャーを経由してTSFモジュー
ルに送られ, トラックの断片を探す。見つかったトラッ
ク断片は二次元トラッカー, 三次元トラッカー, および
イベント時間モジュールに送られる。二次元トラッカー
は 4つのモジュールで全 φ方向をカバーする。前述し
た二種類の三次元トラッカーはそれぞれ 4つのモジュー
ル, 計 8 モジュールで構成される。三次元でのトラッキ
ングのため, アキシャルワイヤーに加えてステレオワイ

9最内層だけが例外でセンスワイヤーは 8 層になっている。

図 2: CDCの断面図 (x-y平面図)。図中小さな四角形が
センスワイヤーのセルを表す。濃色 (赤)がプライオリ
ティーセルを示しており, このワイヤーのドリフト時間
がトラッキングに使用される。セルの塊一つ一つがTSF
を表し, 全 TSFのうち 1/8 のみを表示している。
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# of sense wires: 14336 (Au-W, φ30 μm )

# of field wires:    42240 (Al,      φ126 μm)

9 Super Layers (5-axial(A), 4-stereo(U/V))

SL = 6 layers of sense wires

※ exceptionally, SL0 (innermost) consists of 8 layers

→ 56 layers in total

 25

R of inner cylinder 160 mm
R of outer cylinder 1130 mm

R of innermost sense wire 168 mm
R of outermost sense wire 1111.4 mm

length (Z) 2325 mm
angular coverage 17°<θ<150°

p[GeV/c] = 0.3 B[T] R[m], B=1.5T

→ p = 72 MeV/c   with R = 0.16 m

　 p = 509 MeV/c with R = 1.13 m

　 p = 100 MeV/c → R = 0.222 m (~L5)
※ material effect (energy loss) is not considered



Gas
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https://indico.mpp.mpg.de/event/1747/contributions/2050/attachments/1929/2180/BelleII-CDC.pdf

Chamber Gas

• He(50%)-C2H6(50%)

– Longer radiation length(680m).

– Drift velocity is higher than other 

He-based gas.

• Average drift velocity : 

~3.3cm/µsec in the chamber cell. 

• Maximum drift time    : ~350nsec 

for 17mm cell size.

– Good dE/dx resolution.

Belle

BaBar

PLUTO (CLEOII)

https://indico.mpp.mpg.de/event/1747/contributions/2050/attachments/1929/2180/BelleII-CDC.pdf


Gas
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https://indico.mpp.mpg.de/event/1747/contributions/2050/attachments/1929/2180/BelleII-CDC.pdf

Gas Gain and Drift Velocity

Operation Point

~2.3KV

https://indico.mpp.mpg.de/event/1747/contributions/2050/attachments/1929/2180/BelleII-CDC.pdf


Gas
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https://indico.mpp.mpg.de/event/1747/contributions/2050/attachments/1929/2180/BelleII-CDC.pdf

XT Curve & Max. Drift Time

Small cell(5.4mm)Normal cell(17.3mm)

• He(50%)-C2H6(50%), B=1.5Tesla, HV : 2.3KV

• Rather shorter maximum drift time

https://indico.mpp.mpg.de/event/1747/contributions/2050/attachments/1929/2180/BelleII-CDC.pdf


Gas
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https://indico.mpp.mpg.de/event/1747/contributions/2050/attachments/1929/2180/BelleII-CDC.pdf

dE/dx Resolution
• The pulse heights for 

electron tracks from 90Sr 

were measured for 

various gases.

• The resolutions for CH4 

and He(50%)-C2H6(50%) 

are same.

• The resolution for He-

CF4 is worse than Ar-

based gas(P-10). 

https://indico.mpp.mpg.de/event/1747/contributions/2050/attachments/1929/2180/BelleII-CDC.pdf

