
Operation of Belle II drift 
chamber at B-factory

Nanae Taniguchi (KEK IPNS)
Belle II collaboration



SuperKEKB・Belle II 

• Asymmetry energy, electron (7 GeV) positron (4 GeV) collider 
at Y(4S) mass

• circumference ~ 3km

• target luminosity = 6x1035/cm-2/s-1
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Belle II physics program
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• Belle (1999 - 2010) : was constructed to 
substantiate KM model (~1/ab) achieved!!

• Belle II (2018 - ) : is designed to find new physics 
beyond KM model (~50/ab)
• Belle II contribute in many sectors

• B, charm, tau, dark, hadron



Operation Timeline

• 2018; first collision event

• 2019; physics run started

• 2020; updated luminosity record by 
KEKB (2x1034) 

• 2022; 4.7x1034

• 2022; 424/fb

• ~1/2 of Belle-1

• long shutdown (LS-1)

• new collimator

• installation of full-layer pixel detector

• 2024; Run 2 start

• 2024; 5.2x1034 (Belle II OFF)
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Belle II detector

5

challenge ! preserve detector performance 
while luminosity (beam background) increases



• 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


• wire


• sense x 14336; Au-W (φ30um)


• field x 42240; Al (φ126um)


• gas


• He:ethane = 50:50
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Belle II Central Drift Chamber



low material

Belle
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cell configuration
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• 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)

• 6 layer/super-layer; it is required by track 
trigger (CDCTRG)



Nanae Taniguchi (KEK)

signal readout electronics

• The number of signals = 14336


• FPGA-based front-end electronics


• TDC with 1 nsec resolution for drift time measurement


• ADC with 32MHz sampling for dEdx (charge) measurement


• 48ch/board


• upgrade of readout board is ongoing

• to improve radiation tolerance, cross talk, ..

9

signal input

ASD

FADC

FPGA

power supply

firmware download
trigger/clock

Belle2Link
wire hits → CDCTRG

ADCs
10bit,

30Msps

TDC
1nsec

Ring
Buffer
(8µs)

Network
Proc.

Data
suppressor

Aurora 
I/F

48
48

48

analog

digital

DAC

ASDs
(ASIC)

Xilinx Virtex5-155T

Vth
DAQ 

system

trigger

TRG
system



Nanae Taniguchi (KEK)

signal readout electronics
• readout board is located in detector


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


• power consumption 15W x 299 ~ 
4.5kW


• water cooling


• as firmware has been updated to 
implement additional functions, 
power consumption has become 
larger
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← 5kW
電気ファンヒーター TEH-50



Nanae Taniguchi (KEK)

gas system

• it is key for stable operation and performance


• 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


• O2; electro-negative. capture electron created via ionization → gain degradation
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Nanae Taniguchi (KEK)

gas condition
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Nanae Taniguchi (KEK)

operation in beam
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B decay event

offline tracking

cross talk in electronics 
due to 

beam background



Belle II Central Drift Chamber

construction and operation

• 2009~2011 design, started machining 

• 2012 started wire stringing

• 2014 finished wire stringing

• 2016 installation of CDC into Belle structure

• 2017 commissioning using cosmic ray (w/ and w/o B field)

• 2018 the first collision 

• leak current increasing in outermost layers

• 2019 physics run started

• started to add water in gas mixture

• started to see gain degradation due to much water and high 
background

• 2024 leak current blow-up in innermost layers
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operation history

15

18/12/31 20/01/01 20/12/31 21/12/31 22/12/31 24/01/01 24/12/310
200
400
600
800
1000
1200
1400
1600

18/12/31 20/01/01 20/12/31 21/12/31 22/12/31 24/01/01 24/12/310
0.5
1

1.5
2

2.5
3

3.5
4

4.5
5

18/12/31 20/01/01 20/12/31 21/12/31 22/12/31 24/01/01 24/12/310

50

100

150

200

250

300

Lu
m

in
os

ity
be

am
 c

ur
re

nt
 (

m
A

)
C

D
C

 la
ye

r-
av

er
ag

e 
le

ak
 c

ur
re

nt
 (

uA
)

electron
positron

long shutdown
(LS-1)



chamber current v.s. beam currents

• Beam background still fluctuates largely due to accelerator tuning.


• Strongly dependent on accelerator parameters and collimator 
settings


• It also affects detector performance and introduces large 
uncertainties in future prospects.
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3. CDC dE/dx PERFORMANCE

Section main author(s): R. A. Briere, R. Garg, J. Kumar

3.1. Introduction

Each CDC track has a corresponding dE/dx mean obtained via a truncated average
(lowest 5%, highest 25% dropped) of the corrected charge measurements from each hit on
the track. Many corrections are applied, both at the hit-level and track-level, and the
corresponding calibration constants are updated frequently.

Figures 5 and 6 show the time evolution of the mean dEdx vs. time. This is of interest
due to concerns about CDC aging. However, in addition to modest systematic drifts due to
calibrations, large systematic e↵ects due to the water vapor content in the CDC gas make
interpretation di�cult. More detailed studies indicate that any damage thus far is likely not
too serious, but continued high beam currents merit continued testing and monitoring.
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FIG. 5. dE/dx gain vs. experiment number for proc13 data.

Fig. 7 shows the predicted means for the e, µ, ⇡, K, p hypotheses vs. momentum. This,
along with the resolution of order 7%, gives some impression of the separation power ob-
tained. Fig. 8 shows the particle bands in some recent data.

3.2. Beam Injection e↵ects on CDC dE/dx

In 2022, it was noticed that dE/dx performance was a↵ected by noise from beam injec-
tion. Two possible mechanisms are both related to an increased number of injection-related
particles in the CDC. The first is an increased voltage drop across a resistor in the read-
out chain, due to higher average current, causing a decrease in the applied high voltage.
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FIG. 6. dE/dx gain vs. data bucket for prompt calibration data.

FIG. 7. Prediction means of normalized dE/dx curves as a function of momentum in the CDC for
the six charged particle species.

The second is a space-charge e↵ect reducing gas gain at the sense wire; gas gain is due to
drift electrons near the wire gaining enough energy in one mean free path to cause new
ionizations, leading to an avalanche that acts as a ”free pre-amp”.

Both the mean dE/dx and the resolution are a↵ected by injection noise. Studies deter-
mined that the leading dependencies for these e↵ects were:

• Time since last beam injection;

9

The main cause of the initial gain 
drop was the injection of a large 

amount of water into the gas, due 
to improper monitoring of the 

water content.

Based on the consumption rate of 
the bubbler water, the water 
content is estimated to have 

reached the order of more than 1%.
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• In the long shutdown after the 

2022 run, we improved the gas 
system and enhanced 
monitoring/control of water 
content. This allowed clearer 
observation of the correlation 
between detector 
performance and background.


• In the spring 2024 data, due to 
troubles with the oxygen filter, 
the oxygen level was not 
sufficiently controlled, which 
appeared as overall gain 
variations.
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time dependent gain drop
• SuperKEKB requires frequent top-up 

injections even during physics runs
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LER injection background is high

Leak current of L4-3

Nov. 5

HER inj.

LER inj.

storage ~40uA/sector

100uA



Nanae Taniguchi (241108)

CDC leak current blow-up Oct. 29, 2024
• leak current of innermost layers in sector-3 increased and was persistent high

• 1 layer is divided to 4 sectors

• leak current doesn’t exceed the limit (140~160uA) determined by current limiter module to avoid HV 
trip at beam injection

• usually, duration monitor, running at cdchv server, prevent such persistent current. however, it was off at 
the beginning of 2024c for tuning.

• emergency trip signal is sent to the corresponding channel

L00-3
L01-3
L02-3
L03-3

realized blow-up

HV OFF
L00-3 disconnected

HV OFF
L01-3 and L02-3 disconnected

decrease 
voltage

sector-3 is bottom right

Oct. 28, 19:30 ~ Oct. 29, 08:00
20

100uA



Nanae Taniguchi (241108)

(if value change)

21



Nanae Taniguchi (250131)

gas condition
• When we encountered HV trouble at the end of Oct., both Oxygen and 

water content were low.


• To mitigate discharge (incl. Malter effect), we increased water content by 
adding water and stopped to remove Oxygen by switching off O2 filter(trap)


• remarks; operation voltage for sector-3 in Layer-0,1 and 2 was lower after the trouble


• Oxygen content increase by 20-30ppm/day from air w/o beam, but it start 
to decrease once CDC leak current is induced by beam
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aging effect due to accumulated charge
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cosmic run (w/o beam)

• accumulated charge of inner layer 
has reached ~150mC/cm


• In the beam runs, a gain drop of 
10–15% was observed, while in the 
cosmic-ray data without beam, no 
significant gain drop was seen


• No clear difference was observed 
between the inner(SL0) and 
outer(SL6) layers.


• Gain drop in physics runs mainly 
caused by beam background.


• In the future, since the accumulated 
charge will exceed 1 C/cm, 
countermeasures against aging-
induced gain drop will be required.



trial of fresh gas flow rate increase in next 
beam operation

• it is believed that rate of gas volume exchange is effective to mitigate aging effect 
and to remove reversible pollution

• Belle II replace one full volume every day by circulation gas, while replace one 
full volume every month by fresh gas

• it is slower compared with other experiments

• we plan to increase fresh gas flow rate in the next beam operation in short time

• 10 times higher fresh gas flow rate is possible (0.2→2 lit/min)

• fresh gas supply line with 2 lit/min is already installed

• cost is concern

• effective duration of the test still needs to be discussed.
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total fresh gas flow 
rate (lit/min)

cylinder duration of 
ethane (day)

cylinder duration of 
He (day)

gas volume exchange

0.2 51.7 27.7 full volume per
 1 month

2 5.2 2.8 full volume per
 3 days



aging test and alternative gas
• The accumulated charge is expected to exceed 1 C/cm.


• It is necessary to estimate the gain drop at higher accumulated 
charge and the resulting degradation of CDC performance.


• Is the gain drop linear? 


• Another study item is whether the aging effect can be mitigated by 
changing the gas mixture. 


• performance of drift chamber with alternative gas should be studied


• If the gas mixture is changed, the compatibility of the readout electronics 
must be verified.


• non-CH gas (e.g. He-CO2-CF4) is a candidate
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summary
• Belle II (2018 - ) : is designed to find new physics beyond KM 

model (~50/ab)


• Progress toward the target luminosity is step by step.


• Challenging to preserve detector performance as luminosity (beam 
background) increases


• In the CDC, the central charged particle tracker of Belle II, 
increasing background has affected detector performance and 
operation. 


• Studies are being carried out to understand these effects and to 
test possible countermeasures for future prospects.
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Nanae Taniguchi (241108)

HV test w/o beam (Oct. 29)
just after beam operation

09:35
HV OFF→standby

09:50
HV standby→peak

1995→1800V
2050→1800V

2078→1900V

1900→1800V

1800→1700V

1800→1700V

1800→1700V

2088→1800V

L00-3
L01-3
L02-3
L03-3

Remarks; On Oct. 30 (maintenance day),  we could apply nominal voltage for all sectors and no leak 
current increasing was observed during ~4 hours HV test.
Same HV test was done during owl shift on Nov. 7 and no trouble for ~8 hours at nominal voltage
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Nanae Taniguchi (241108)

HV test w/o beam (Oct. 29)
just after beam operation

09:35
HV OFF→standby

09:50
HV standby→peak

L00 - 10 were affected
L11 was not

L04

L05

L06

L07
L08
L09
L10
L11
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modification of CDC gas system to add O2 
for 2025c

• in early 2024c run, we observed chamber current blow-up in the innermost 
layers

• we turned off the corresponding sectors, and added water and stopped 
removing Oxygen to prevent further trouble in other layers

• Oxygen can only be removed using a filter; there is no system to add or 
increase O2 content.

• effect of Oxygen in gas mixture

• pros ; Oxygen help to suppress glowing CH-polymer

• CH2 + O2 => CO2, C2, H2O, H2

• cons : contribute on aging by forming SiO2.  Silicon is included in gas seal.

• we plan to modify gas system to add O2

• it is similar to a system to inject Hydrogen

• discussion is ongoing based on a drawing provided by the company

• KEK mechanical expert is checking the drawing

• it will be installed in Sept.- Oct. , before 2025c
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Nanae Taniguchi (202502)

Oxygen consumption at beam on

• we have observed Oxygen content in CDC gas mixture decreased 
when CDC on and beam on


• ‘radicals’ may be created from C2H6, O2 and H2O via gas avalanche 


• CH2 + O2 => CO2, CO, H2O, H2


• It could explain why CO2 content is larger than Ar in gas analysis result though CO2 
~0.3% and Ar ~1% in Air


• H2 + O2 => H2O (H2 are also consumed)


• It may be a reason why O2 filter doesn’t work when beam ON


• Pt catalyst need to store some amount of H2 on the surface


•
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Nanae Taniguchi (250219)

cosmic data w/o beam in 2024c

24/10/10 24/10/24 24/11/07 24/11/21 24/12/05 24/12/19 0.9

0.92

0.94

0.96

0.98

1

1.02

1.04 ● mean sL6
■ mean sL0
○ median sL6
□ median sL0

cosmic data w/o beam (at B=1.5T)
Oct.7 - Dec.27

ra
w

 A
DC

 M
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n,
 M
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n
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cosmic data w/o beam (at B=1.5T)
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ia

n • clear super-layer 
dependence is not seen


• change of SL0 and SL6 is 
consistent within 2-3%


• accumulated charge is 
different by factor ~3

normalized by Oct. data

2024c

(Oct. - Dec.)



Nanae Taniguchi (250219)

cosmic data w/o beam in 2024c
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Nanae Taniguchi (202502)

cosmic data w/o beam in 2019-2024
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• started to add water since 
2019 Jan.


• H2O ~2,000ppm (assume 
sensor was proper yet)


• O2 content is unknown, but 
probably low < 500ppm


• in 2021c, decreased target of 
water content


• much water until 2022b


• in the end of 2024c


• H2O ~3,000ppm


• O2 ~100ppm


•
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2019 Apr. - 2024 Dec.

cosmic data w/o beam in 2019-2024


