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• SuperKEKB/Belle II


• e+(4 GeV) e-(7 GeV) collider


• design luminosity : 6 x 1035 /cm2/s


• Role of charged particle tracker of Belle II


• momentum measurement


• magnetic field = 1.5T


• dEdx measurement for particle identification 


• track trigger


• CDC = Central Drift Chamber
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10mmt Aluminum endplates
5mmt CFRP outer cylinder

0.4mmt CFRP inner cylinder

2.2m

2.7m

CDC installation (2016)

• wire


• sense x 14336; Au-W (φ30um). 50gw


• field x 42240; Al (φ126um). 80gw


• gas


• He:ethane = 50:50


• typical gas gain ~ 2x104 


• operation voltage; 1.99 - 2.39kV
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cell configuration

• 56 layers in total


• radius of innermost/outermost = sense wire 
168/1111.4 mm


• ‘super layer’ structure


• 5-axial super layers and 4-stereo super 
layers


• stereo (+/-)45 ~ 74


• innermost super layer = small cell (2+6 
layers)


•
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5

~ 550kg

crimping

feedthrough

gas seal



gas system

• keep absolute pressure constant ~1026 mbar to keep gas gain stable


• gas circulating (6-9 lit/min)


• O2/H2O are removed and monitored in the circulation line


•

6

pump

H2

dryer

O2
monitor

Drift chamber

O2
filter

O2
monitor

Ex

pressure
monitor safety line

pressure
control

He

ethane

dew point
monitor

6-9 lit/min

200 cc/min
1026mbar

H2O; 1,000 - 2,000 ppm

O2; < 100 ppm
(50 - 500 ppm in 2024)

Vol. ~8,000 lit

Pt catalyst
(O2+2H2 = 2H2O)



• FPGA-based front-end electronics


• TDC 1 nsec resolution for drift time measurement


• ADC 32MHz sampling for dEdx (charge) measurement


• 48ch/board


• upgrade of readout board is ongoing


• will install in long shutdown 2 (~2026)

signal readout electronics
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signal readout electronics
• readout board is located in 

detector


• BWD side. direction of lower energy 
beam (positron)


• power consumption 14W x 299 ~ 
4.5kW


• water cooling

8



operation in beam (2024)
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operation in beam

• beam background in 2024 has been suppressed at the same beam 
condition compared with 2022


• accumulated charge is 30-130mC/cm


• no indication of aging effect (gain drop) so far


•
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performance
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Position resolution

2

2022 June
2024 Feb. - Mar.
2024 June

by Thanh Dong

physics data



performance
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Pt resolution (reconstruted by CDC only)

3

2022 June
2024 Feb. - Mar.
2024 June

by Thanh Dong

physics data
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backup





 gas seal for Al-pin hole of feedthrough


LOCTITE : liquid gasket (anaerobic seal)
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gain drop related to beam operation

19

Jitendra Kumar, CMU                          CDC dE/dx Updates / 43th B2GM CDC meeting                                      Oct 06,  2022                                       S          8

Gain degradation study

 Summary

dE/dx gain(μ) vs. TimeSinceLastInjection(μs)
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voltage drop
• ~20% gain drop is corresponding to voltage drop of 26V obtained from 

line-charge calculation in Garfield simulation
• Layer-39, nominal voltage = 2373.5V

• It is consistent with calculation using M ~ Kexp(CV). K,C : constant
• assuming that gain become around half with -100V
• 20% gain drop is corresponding to ΔV = 32V

• After B2GM, Uno-san suggested voltage drop around low-pass filter
• there is a resistance of 0.12MΩ / quarter of layer
• 100uA x 0.12MΩ =12V,  corresponding to 8% gain drop

• We may consider to replace resistance (N>200) after some tests

10

recent 1 month quarter of Layer-3
100uA

40uA

N.Tanaguchi, H. Ozaki, S. Uno

Expected Gain Drop due to Voltage Drop

G
ai

n 
D

ro
p 
[%
]

0

1

2

3

4

5

6

7

8

9

10

Nov 2021 Dec 2021 Jan 2022 Feb 2022 Mar 2022 Apr 2022 May 2022 Jun 2022

Actual vs Expected Gain Drop

Expected gain drop due to voltage drop [%]

A
ct

ua
l g

ai
n 

dr
op

 [%
]

-5

0

5

10

15

20

25

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

• Each MiraBelle data point corresponds to 
average over one run

• Therefore CDC:CUR_AVERAGE is used 
to estimate the expected gain loss due to 
increased voltage drop
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drop
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Layer-1

resistor is replaced

wire ID

• In Jan, replacement of 
resistor on HV divider was 
finished

• to decrease gain drop due 

to voltage drop

• 120kΩ → 1kΩ determined by 

tests using test chamber

• thanks to strong supports by 

NPC members 

• performance confirmed 

after resistor replacement

• pedestal data and cosmic 

data by turning ON HV

June 27,2022
Jan. 16, 2023



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. 
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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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Normal cellsmall cell normal cell

XT relation

residual

- t0 correction

- iteration of XT function extraction

- time of flight

- propagation delay on wire



Nanae Taniguchi

CDC leak current v.s beam current

• beam background is suppress in 2024 compared with 2022

• CDC leak current ; 200-400(400-800)uA/layer at L=1x1035(2.4x1035)


• luminosity expectation is based on the Masuzawa-san’s slide at BPAC


• accumulated charge ~0.39-0.78C/cm/year at L=2.4x1035 for innermost layer

• assuming 6 months physics run/year


•  ~6% gain degradation at 1 C/cm (Belle-1 study with test chamber)
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                        (SLM)   (MPaA)   (MPaA)
Max. Flow           71.60     0.101      0.101 
Max. Pressure     27.17     0.101      0.304

Vacuum    -77.54 kPaG

25cc/min.

Max.1L/min.

CDC

BWD FWD

8200L

DPT
3

Max.30mbar

Manometer

(H2O)

IN/OUT Φ8

φ40x250

Glass Trap

Small Tank

5L

Filter

(1/4)x3m

Purge

EX2Purge

MFC1

EX

FM

From LN2 CE

MFC2

MFC3

4.5 L/min.

0〜20L/min.

0.5 L/min.

0〜1L/min.

0.5 L/min.

0〜1L/min.

ECL

KLM

Paraffin TOP

Nafion

Dryer

Oxygen-F

GN2

EX2

EX2

Purge

Purge

O2 Cal.

Bypass Line

XLF-D-S2P

Bypass

EX2

Bypass

oxyIQ-1

O2 Sensor

oxyIQ-2

O2 Sensor

Purge DPS      Holder

N&D&V

MFC5

1〜20cc/min.

1
5
L

O2

Filter

2
H
2
+
O
2
→

2
H
2
O

Purge

P

FM EX2

H2O

Bubbler
Mixer Filter

ULF-B06-W2-V

H2O

FM

EX2

Purge

EX

Parge

EX

DPS

N&D&V
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wire hit
threshold(DAC)

Trigger

time window TRG delay
0x01 - 0x7f
(x31.25ns)

0x01 - 0x7f
(x31.25ns)

calculate
Q = Σ (FADC bin - pedestal value)

all sampling pointVth (DAC)

analog signal

digital signal

Amp Shaper Discriminator

chamber signal

time counting in FPGA

32MHz FADC suppress mode

raw data mode

physics run
pedestal run

Board by board
  time window
  TRG delay
  Discriminator threshold
  threshold for summed FADC bin

Channel by channel
  pedestal value

 drift time information
(TDC)

setting parameter (register write/read)

dE/dx
information

1nsec resolution



cabling and cooling

• cables for readout electronics

• data link : X299 optical fiber pairs

• TRG link : 12C optical fibers X299

• trigger and timing distribution and configuration of FPGA: cat.7 cable X(299x2)

• Low voltage power supply cable : X299


• power consumption = 14W/board x299 ~ 4.2kW

• water cooling
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