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CDC:  
the heart of Belle II

Nanae Taniguchi (KEK)

1

Nanae Taniguchi (KEK)

Tracking detector
• “CDC” is main tracker of Belle II 

• Roles of tracking detector in Belle II 

• measure momentum of charged particles 

• particle identification 

• provide track trigger signal 

•

the most  important !!

Belle II micro scale model 
(KIT)

Nagoya University LEGO Club 
Belle II model

3
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installed in Belle

, 2016

Nanae Taniguchi (KEK)

operation in beam

38

B decay event

offline tracking

cross talk in electronics 
due to 

beam background
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CDC Frontend Electronics

Goals of proposed FEE upgrade
- replace optic transceivers before they are fatally damaged by irradiation (increase radiation tolerance from 0.3kGy to >1kGy)
- improve triggering by using a faster ADC (/timing and ADC cuts can be applied on L1 trigger level) 
- reduce cross‐talk to improve the tracking and triggering performance 
- replace FPGAs with a less radiation susceptible version to reduce SEUs 
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Figure 4. Photograph of the forward endplate.
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Figure 5. Diagram of the CDC readout system and photograph of the readout board for mass production.

cosmic ray tracks. Main component for resolution of transverse impact parameter (∆d0) is 122 µm

and longitudinal (∆z0) is 2.1 mm. Mis-alignment effect is seen in the distribution of ∆d0.

CDC has been installed into Belle structure in October 2016 successfully. After cabling and

cooling works, we finally achieve entire readout. Figure 7 show a event display of cosmic ray and

azimuthal distribution for each layer. Reasonable and satisfactory results are obtained in cosmic

ray data as expected.

5 Summary and prospect

The CDC is the main device for tracking of charged particles for Belle-II experiment. Detector and

readout electronics have been fully upgraded and installed successfully in 2016. Commissioning

using cosmic ray with entire readout is started and alignment and calibration is ongoing. Integration

data taking with particle identification detector and calorimeters has been started. Operation with

1.5-T magnetic field will be started in the summer 2017. The first beam collision event will be

expected in 2018.
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Yu NakazawaCDC parallel session in 40th B2GM (remote, October, 2021) 10

CDC FE (RECBE)
Amp Shaper Discriminator (ASD) 

• Analog out: waveform 
• Digital out: hit timing 

Analog-to-Digital Converter (ADC) 
• 2 Vp-p, 10 bit 
• 31.25 Mbps? 

Field-Programmable Gate Array 
(FPGA) 

• Virtex5 (xc5vlx155t) 
• Data processing 

Optical module from Avago 
• CDCTRG 

Small Form-factor Pluggable (SFP) 
• Belle II link (b2l) 

RJ45 
• Belle II trigger timing (b2tt) 
• Firmware (fw) download

ASD
ADC

FPGA

trg 
(optical) b2l 

(SFP)

b2tt 
(RJ45)

fw 
(RJ45)power

CDC CDC
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Belle II CDC Design Concept

Design follows the general concept of the successful Belle CDC 
- low mass wires (un-plated Al field wires) and low-Z gas
- larger inner radius to make room for bigger VXD and to avoid region of high 

occupancy
- innermost super-layer is implemented separately as a small-cell chamber 
- less space needed for TOP than RICH/can afford larger outer radius
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Gas Gain and Drift Velocity

Operation Point

~2.3KV

Low-Z gas: He-C2H6 (50/50)

    US Belle II Summer School: August 2016 |   Belle II CDC and dE/dx        |     J. Bennett

Belle	II	CDC	structure
• Follows	the	general	structure	of	the	very	successful	Belle	CDC
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• Try	to	keep	the	influence	of	
gravita@onal	sagging	of	the	wires	
within	the	inherent	mechanical	
resolu@on	of	the	detector	

• Tension	in	wires	will	cause	
deforma@on	of	endplates

• Larger	inner	
radius	to	make	
room	for	bigger	
VXD	

• Less	room	
needed	for	TOP	
than	RICH:	larger	
outer	radius

    US Belle II Summer School: August 2016 |   Belle II CDC and dE/dx        |     J. Bennett

Belle	II	CDC	structure
• Follows	the	general	structure	of	the	very	successful	Belle	CDC

5

• Try	to	keep	the	influence	of	
gravita@onal	sagging	of	the	wires	
within	the	inherent	mechanical	
resolu@on	of	the	detector	

• Tension	in	wires	will	cause	
deforma@on	of	endplates

• Larger	inner	
radius	to	make	
room	for	bigger	
VXD	

• Less	room	
needed	for	TOP	
than	RICH:	larger	
outer	radius

Low mass wires

∑ = 4.1 ton  
on end plate

Field lines and isochrones
2017 JINST 12 C06014

Nu
m

be
r o

f c
ell

ce
ll s

ize
 [m

m
]

radius [mm]

radius [mm]

small cell

6-8mm

10
m

m

10-18mm

18
m

m

small cell normal cell

Belle

Belle-II

Axial wire
Stereo wire

Figure 2. Wire configuration of Belle-II and comparison with Belle.
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Figure 3. Cross section view of Belle-II detector.

for the system can be found in ref. [1]. We have performed beam tests with prototype readout

electronics with test chambers which have similar configuration with CDC. We have confirmed that

performance of readout electronics satisfy our requirements ref. [2].

4 Cosmic ray test

After gas leak check, cabling works and HV test, all readout boards have been installed. We have

checked detector performance with 20% readout electronics with Belle-II DAQ system. CDC has

been isolated from Belle structure until installation. Figure 6 shows extracted XT-relations for small

cell and normal cell with cosmic ray data. We obtain ∼ 100 µm position resolution from residual

distribution in the best region. We also extract resolution of impact parameters using back-to-back

– 3 –
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Status of Belle II Data-taking

�5

LS1

New run has just started
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Evolution of Integrated Charge and Average Run Gain before LS1

�6

gain drop

• 2019c
• stable

• 2020ab
• increased initially and stable

• 2020c
• a few % lower, but stable

• 2021ab
• 10% lower gain at start and +5% 

increased
• -10% drop e16-e18
• stable for late e18

• 2021c
• decrease water content to 

increase gas gain (target ~0.9)
• stable

• 2022ab
• stable initially
• ~15% gain drop
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each point represents a block of runs
each point is roughly ~3fb- but not 
an exact scale with luminosity or 
real data time-duration

Gain status: proc13+prompt

2019
stable baseline

2020a/b & c
gain increased initially 
stable afterwards

2021a/b 
10% lower gain at start
+ 10% drop e16-e18 start
stable for late e18
investigated: 

deflation was mostly due 
to water content changes 
no aging was observed

2021c 
water adjusted (target ~0.90)
initial drop but OK overall..

2022a/b 
stable initially
then ~15% gain drop 
under investigation

physics data

physics data

horizontal axis is bucket of data. (not time)

water content ~2,000ppm

water content ~1,300ppm

gain drop

• 2019c
• stable

• 2020ab
• increased initially and stable

• 2020c
• a few % lower, but stable

• 2021ab
• 10% lower gain at start and +5% 

increased
• -10% drop e16-e18
• stable for late e18

• 2021c
• decrease water content to 

increase gas gain (target ~0.9)
• stable

• 2022ab
• stable initially
• ~15% gain drop
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In this average gain trend.. 
each point represents a block of runs
each point is roughly ~3fb- but not 
an exact scale with luminosity or 
real data time-duration

Gain status: proc13+prompt

2019
stable baseline

2020a/b & c
gain increased initially 
stable afterwards

2021a/b 
10% lower gain at start
+ 10% drop e16-e18 start
stable for late e18
investigated: 

deflation was mostly due 
to water content changes 
no aging was observed

2021c 
water adjusted (target ~0.90)
initial drop but OK overall..

2022a/b 
stable initially
then ~15% gain drop 
under investigation

physics data

physics data

horizontal axis is bucket of data. (not time)

water content ~2,000ppm

water content ~1,300ppm

gain drop

• 2019c
• stable

• 2020ab
• increased initially and stable

• 2020c
• a few % lower, but stable

• 2021ab
• 10% lower gain at start and +5% 

increased
• -10% drop e16-e18
• stable for late e18

• 2021c
• decrease water content to 

increase gas gain (target ~0.9)
• stable

• 2022ab
• stable initially
• ~15% gain drop
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In this average gain trend.. 
each point represents a block of runs
each point is roughly ~3fb- but not 
an exact scale with luminosity or 
real data time-duration

Gain status: proc13+prompt

2019
stable baseline

2020a/b & c
gain increased initially 
stable afterwards

2021a/b 
10% lower gain at start
+ 10% drop e16-e18 start
stable for late e18
investigated: 

deflation was mostly due 
to water content changes 
no aging was observed

2021c 
water adjusted (target ~0.90)
initial drop but OK overall..

2022a/b 
stable initially
then ~15% gain drop 
under investigation

physics data

physics data

horizontal axis is bucket of data. (not time)

water content ~2,000ppm

water content ~1,300ppm
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gain drop

• 2019c
• stable

• 2020ab
• increased initially and stable

• 2020c
• a few % lower, but stable

• 2021ab
• 10% lower gain at start and +5% 

increased
• -10% drop e16-e18
• stable for late e18

• 2021c
• decrease water content to 

increase gas gain (target ~0.9)
• stable

• 2022ab
• stable initially
• ~15% gain drop
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each point represents a block of runs

Gain status: proc13+prompt

physics data

physics data

horizontal axis is bucket of data. (not time)

water content ~2,000ppm

water content ~1,300ppm

Unreliable monitoring of H2O content

20

2018
2019 Spring
2019 Autumn
2020 Spring
2020 Autumn
2021 Spring
2021 Autumn
2022 March
2022 Apr. - June

Layer

SL0 SL1 SL2 SL3 SL4 SL5 SL6 SL7 SL8

Average run gain is determined online for each single run
Observe decline of run gain by ~35% as a function of integrated charge, but
- from pre-Belle ageing studies, we expect gain loss of only ~ 6% / (C/cm)
- somewhat discrepant evolution of mean raw ADC values for cosmics w/o beam

Have to consider interplay of other factors that affect the run gain
- varying and not well-monitored H2O, O2 and H2 levels in gas before 2021c
- increasing CDC current as a result of increased beam background due to 

continuously increasing beam currents and luminosity (/space charge)
Such conditions make it difficult to disentangle the actual ageing rate accurately 
- however, to reliably project CDC performance, a better assessment is needed

https://arxiv.org/abs/1504.04681
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Evolution of Integrated Charge and Average Run Gain before LS1

�6

gain drop

• 2019c
• stable

• 2020ab
• increased initially and stable

• 2020c
• a few % lower, but stable

• 2021ab
• 10% lower gain at start and +5% 

increased
• -10% drop e16-e18
• stable for late e18

• 2021c
• decrease water content to 

increase gas gain (target ~0.9)
• stable

• 2022ab
• stable initially
• ~15% gain drop
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 e18)→CDC dEdx: rungain trend (e7  e18)→CDC dEdx: rungain trend (e7 Proc13
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In this average gain trend.. 
each point represents a block of runs
each point is roughly ~3fb- but not 
an exact scale with luminosity or 
real data time-duration

Gain status: proc13+prompt

2019
stable baseline

2020a/b & c
gain increased initially 
stable afterwards

2021a/b 
10% lower gain at start
+ 10% drop e16-e18 start
stable for late e18
investigated: 

deflation was mostly due 
to water content changes 
no aging was observed

2021c 
water adjusted (target ~0.90)
initial drop but OK overall..

2022a/b 
stable initially
then ~15% gain drop 
under investigation

physics data

physics data

horizontal axis is bucket of data. (not time)

water content ~2,000ppm

water content ~1,300ppm

gain drop

• 2019c
• stable

• 2020ab
• increased initially and stable

• 2020c
• a few % lower, but stable

• 2021ab
• 10% lower gain at start and +5% 

increased
• -10% drop e16-e18
• stable for late e18

• 2021c
• decrease water content to 

increase gas gain (target ~0.9)
• stable

• 2022ab
• stable initially
• ~15% gain drop
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In this average gain trend.. 
each point represents a block of runs
each point is roughly ~3fb- but not 
an exact scale with luminosity or 
real data time-duration

Gain status: proc13+prompt

2019
stable baseline

2020a/b & c
gain increased initially 
stable afterwards

2021a/b 
10% lower gain at start
+ 10% drop e16-e18 start
stable for late e18
investigated: 

deflation was mostly due 
to water content changes 
no aging was observed

2021c 
water adjusted (target ~0.90)
initial drop but OK overall..

2022a/b 
stable initially
then ~15% gain drop 
under investigation

physics data

physics data

horizontal axis is bucket of data. (not time)

water content ~2,000ppm

water content ~1,300ppm

gain drop

• 2019c
• stable

• 2020ab
• increased initially and stable

• 2020c
• a few % lower, but stable

• 2021ab
• 10% lower gain at start and +5% 

increased
• -10% drop e16-e18
• stable for late e18

• 2021c
• decrease water content to 

increase gas gain (target ~0.9)
• stable

• 2022ab
• stable initially
• ~15% gain drop
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In this average gain trend.. 
each point represents a block of runs
each point is roughly ~3fb- but not 
an exact scale with luminosity or 
real data time-duration

Gain status: proc13+prompt

2019
stable baseline

2020a/b & c
gain increased initially 
stable afterwards

2021a/b 
10% lower gain at start
+ 10% drop e16-e18 start
stable for late e18
investigated: 

deflation was mostly due 
to water content changes 
no aging was observed

2021c 
water adjusted (target ~0.90)
initial drop but OK overall..

2022a/b 
stable initially
then ~15% gain drop 
under investigation

physics data

physics data

horizontal axis is bucket of data. (not time)

water content ~2,000ppm

water content ~1,300ppm
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Reduced target value for H2O content to ~1300 ppm

gain drop

• 2019c
• stable

• 2020ab
• increased initially and stable

• 2020c
• a few % lower, but stable

• 2021ab
• 10% lower gain at start and +5% 

increased
• -10% drop e16-e18
• stable for late e18

• 2021c
• decrease water content to 

increase gas gain (target ~0.9)
• stable

• 2022ab
• stable initially
• ~15% gain drop
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each point represents a block of runs

Gain status: proc13+prompt

physics data

physics data

horizontal axis is bucket of data. (not time)

water content ~2,000ppm

water content ~1,300ppm

Unreliable monitoring of H2O content

Nanae Taniguchi (250219)

cosmic data w/o beam in 2019-2024
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2018
2019 Spring
2019 Autumn
2020 Spring
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2021 Spring
2021 Autumn
2022 March
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2024 Feb. - June
2024 Oct. - Dec.

Layer

• gas operation 

• 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 

• sensor is drifting 

• in the end of 2024c 

• H2O ~3,000ppm, O2 ~100ppm 

• ratio of sL0 and sL6 is affected by gas 
condition rather than accumulated charge

Mean/median of raw ADC for sL0 & sL6

Reduced target value for H2O content to ~1300 ppm

Unreliable monitoring of H2O content

ADC in cosmic runs

Few runs added in exp 24, 25 and 26

Average run gain is determined online for each single run
Observe decline of run gain by ~35% as a function of integrated charge, but
- from pre-Belle ageing studies, we expect gain loss of only ~ 6% / (C/cm)
- somewhat discrepant evolution of mean raw ADC values for cosmics w/o beam

Have to consider interplay of other factors that affect the run gain
- varying and not well-monitored H2O, O2 and H2 levels in gas before 2021c
- increasing CDC current as a result of increased beam background due to 

continuously increasing beam currents and luminosity (/space charge)
Such conditions make it difficult to disentangle the actual ageing rate accurately 
- however, to reliably project CDC performance, a better assessment is needed

https://arxiv.org/abs/1504.04681
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CDC Gas System

Design and operation mode of CDC gas system based on Belle experience
- to ensure stable performance, CDC is operated in constant pressure mode, 

i.e. with a slight overpressure of 5 - 30 mbar relative to ambient pressure
- to reduce fresh gas consumption (and costs), CDC gas is recirculated
- amount of O2 permeating into the gas volume through ~30 k sense wire 

feedthroughs is proportional to pressure difference
- during CDC construction, Si-based glue was used to seal the feedthroughs 

- O2 level is kept to a minimum in order to prevent ageing (e.g. the formation 
of silicon dioxide) and to minimize signal loss (due to electronegative O2)
‣ inject H2 and use platinum based catalyst as O2 filter: 2H2 + O2 / 2H2O

‣ mitigate signal loss due to H2O 0 remove excess H2O with silica gel filter
- in 2019 added H2O bubbler after observation of Malter effect in layer 54

Improved monitoring after LS1 enabled a more quantitative understanding
- observe significant O2 consumption in avalanche (~ 3 O2 molecules per ion)
- clogging of O2 filter once chamber draws current during beam operation 
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Nanae Taniguchi (230207)
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H2O bubbler added in 2019 
after suspicion of localised 
Malter effect in outer layer 54 

8000 l
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The Difficulty of Longer-Term Projections

Uncertainties in the projections are very large for both the SuperKEKB upgrade path and the CDC performance response
With improved control of CDC operating conditions in the future (e.g. gas conditions), the expected performance 
degradation up to LS2 may perhaps remain acceptable if pre-Belle ageing results are confirmed

�8
Pre-Belle study: sizeable extrapolation uncertainty

Nanae Taniguchi (250219)

2024c Dec.
2024c Nov.
2024c Oct.
2024b

300uA

600uA

1x1035

<latexit sha1_base64="odItBOt0D65oyniGxv4cvVSCeuY="></latexit>

2.58 A/1.84 A

�⇤
y = 0.9

8

• assumption 

• 600uA/layer at 1x1035 

• (remarks) effect of improvement by vacuum scrubbing 
is not included 

• 6 months physics run per year 

• 6x30(days)x24(hrs)x3600(sec). fraction of physics run 
time = 100% 

• ~6% gain degradation at 1C/cm 

• based on Belle-1 test chamber study (up to 160mC/cm) 

• aging effect is linear to accumulated charge 

• (remarks) Belle-1 CDC, no significant degradation in 
the innermost layer at 1C/cm

layer wire length (cm) # of wire accumulated charge 
(C/cm/year)

gain drop /year
time to reach 20% gain 

drop
* same gain as 2022b

innermost 84 160 0.69 ~4% 5 years

outermost 220 384 0.12 ~0.7% > 20 years

aging effect
 2.4x1035 cm-2s-1 Peak luminosity milestones before LS2 :

N. Taniguchi

IHER x ILER [A2]

Av
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Apr~Jun

We are here: 10–1 in Lpeak & 10–2 in Lint away from goal

LS
1

LS
2

Occurence of Malter 
effect in layer 1

Important 
milestones

Status and challenges on the SuperKEKB ring , Y.Ohnishi, Thursday 2pm

https://indico.pnp.ustc.edu.cn/event/4580/contributions/30809/
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Malter Effect in Layer 1 on October 29

A sudden current blow-up was observed in one HV sector of layer 1
- operating conditions during blow-up

‣ coincidence of low H2O (1000 ppm) and O2 (< 50 ppm) content and

‣ high CDC current, reaching 300 µA / layer

Also current increase in same HV sectors of adjacent layers 0 and 2

Current persisted even when beam was gone; need to switch off HV
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Malter Effect in Layer 1 on October 29

A sudden current blow-up was observed in one HV sector of layer 1
- operating conditions during blow-up

‣ coincidence of low H2O (1000 ppm) and O2 (< 50 ppm) content and

‣ high CDC current, reaching 300 µA / layer

Also current increase in same HV sectors of adjacent layers 0 and 2

Current persisted even when beam was gone; need to switch off HV
Consequences
- HV sectors in three innermost layers are currently operated at 

reduced HV (i.e. zero gas gain)
- H2O content increased to > 2500 ppm and O2 content to > 100 ppm
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Examples of the Impact of an unstable CDC Run Gain in 2024

Reduced gain leading to lower hit efficiency causes
- worse pt resolution for high momentum tracks
- worse dE/dx resolution
- compromised track trigger efficiency 
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CDCTRG efficiency issue

-CDCTRG efficiency is unstable in 2024c
-~2% by dead CDCFE and MGR

-~6% by CDC detector gain drop
(larger effect if CDC dE/dx < 0.9)

-Consider counter measure by 2025c
-lower ADC threshold

-loosen #hit requirement (4 of 5 layer hits required) 
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exp 30 exp 35

σ/σ: 6.75 / 6.34 = 1.065

fit: Student’s t
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exp30 exp35

σexp35

σexp30
= 1.065 ⇔

σpt

pt
∝

pt

N + 5J/ψ mass resolution : σexp35 /σexp30 = 1.065 ⇔ σpt /pt ∝ pt / NCDC hit + 5

Nanae Taniguchi (202502)

• relation between gain and leak current is 
observed. possible cause is space charge effect 

• leak current per layer is almost same, but space 
charge is different because of geometry (# of 
wire, length) 

• study of layer dependence is in progress 

• if space charge effect is dominant, factor-4 
difference is expected between innermost layer and 
outermost layer 

• common contribution for each layer may come from 
common part (e.g. HV system/line) 

• plan to study if HV system cause the drop with 
beam in 2025c 

• if it is the source of gain drop, we consider if 
replacement or modification of HV system improve 
CDC performance against leak current

6

0 50 100 150 200 250 300 350

0.7

0.8

0.9

1

1.1

1.2
2024c Dec.
2024c Nov.
2024c Oct.
2024b (May - June)dE

dx
 m

ea
n

(ru
n-

by
-r

un
)

CDC leak current (uA)
layer average (run-by-run)

3 months break

Nanae Taniguchi (202502)

• relation between gain and leak current is 
observed. possible cause is space charge effect 

• leak current per layer is almost same, but space 
charge is different because of geometry (# of 
wire, length) 

• study of layer dependence is in progress 

• if space charge effect is dominant, factor-4 
difference is expected between innermost layer and 
outermost layer 

• common contribution for each layer may come from 
common part (e.g. HV system/line) 

• plan to study if HV system cause the drop with 
beam in 2025c 

• if it is the source of gain drop, we consider if 
replacement or modification of HV system improve 
CDC performance against leak current

6

0 50 100 150 200 250 300 350

0.7

0.8

0.9

1

1.1

1.2
2024c Dec.
2024c Nov.
2024c Oct.
2024b (May - June)dE

dx
 m

ea
n

(ru
n-

by
-r

un
)

CDC leak current (uA)
layer average (run-by-run)

C
D

C
 d

E/
dx

 m
ea

n 
(ru

n 
ga

in
)

average CDC current per layer [µA]

Nanae Taniguchi (202502)

• relation between gain and leak current is 
observed. possible cause is space charge effect 

• leak current per layer is almost same, but space 
charge is different because of geometry (# of 
wire, length) 

• study of layer dependence is in progress 

• if space charge effect is dominant, factor-4 
difference is expected between innermost layer and 
outermost layer 

• common contribution for each layer may come from 
common part (e.g. HV system/line) 

• plan to study if HV system cause the drop with 
beam in 2025c 

• if it is the source of gain drop, we consider if 
replacement or modification of HV system improve 
CDC performance against leak current

6

0 50 100 150 200 250 300 350

0.7

0.8

0.9

1

1.1

1.2
2024c Dec.
2024c Nov.
2024c Oct.
2024b (May - June)dE

dx
 m

ea
n

(ru
n-

by
-r

un
)

CDC leak current (uA)
layer average (run-by-run)

Background dependent run gain



carsten.niebuhr@desy.de25 November 2025   FTCF2025  Operation of the Belle II CDC

Run Gain Evolution in 2024
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Run gain in 2024
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cosmic data w/o beam in 2019-2024
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Layer

• gas operation 

• 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 

• sensor is drifting 

• in the end of 2024c 

• H2O ~3,000ppm, O2 ~100ppm 

• ratio of sL0 and sL6 is affected by gas 
condition rather than accumulated charge
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Run Gain Evolution in 2024
Pre-LS1, limited control and poor monitoring 
quality of key parameters allowed only a 
qualitative description of the observed time 
dependence  
Much improved monitoring capabilities 
introduced during and after LS1 are used to 
attempt a more quantitative analysis 
Variables considered as input for 
parametrisation
- Absolute pressure 
- H2O content 
- O2 content 
- H2 content estimated using H2 - and 

fresh gas flow rate
- ICDC to account for space charge effect
- Accumulation/removal of hypothetical 

trace contaminant in the gas produced in 
the avalanche (derived from ICDC and 
fresh gas flow rate)

- Integrated charge (irreversible)
Exploit the characteristic time dependence of 
input variables xi to determine individual 
contributions by a fit to the run gain data
- �dE/dxFit = 1 + Σfixi
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Run gain in 2024

0.75

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

1.25

19
.0

2.
26

.0
2.

04
.0

3.
11

.0
3.

18
.0

3.
25

.0
3.

01
.0

4.
08

.0
4.

15
.0

4.
22

.0
4.

29
.0

4.
06

.0
5.

13
.0

5.
20

.0
5.

27
.0

5.
03

.0
6.

10
.0

6.
17

.0
6.

24
.0

6.
01

.0
7.

Su
m

m
er

Sh
ut

do
w

n
21

.1
0.

28
.1

0.
04

.1
1.

11
.1

1.
18

.1
1.

25
.1

1.
02

.1
2.

09
.1

2.
16

.1
2.

23
.1

2.

Measured run gain (Mirabelle)dE
/d

x

Input data

1.01

1.02

1.03

1.04

100 200
Time

p ab
so

lu
te

 [b
ar
]

0
1000
2000
3000
4000
5000

100 200
Time

H 2O
 c

on
t. 
[p

pm
]

0
100
200
300
400
500

100 200
Time

O
2 c

on
te

nt
 [p

pm
]

0

200

400

600

100 200
Time

H 2 c
on

te
nt

 [l
]

0
100
200
300
400
500

100 200
Time

I CD
C 
[µ

A 
/ l

ay
er
]

0

50
100
150
200

100 200
Time

∫ I
CD

C 
⊗

 e
-t/
τ f

re
sh

   
.

0
200
400
600
800

100 200
Time

∫ I
CD

C 
[C

 / 
la

ye
r]



carsten.niebuhr@desy.de25 November 2025   FTCF2025  Operation of the Belle II CDC

Main Contributors to Change in Run Gain after LS2 (2024)

Dominant contributions to gain loss
- impurity build-up (20%)
- space charge / voltage drop (15%)
- H2 content (15%, avoidable) 

Subdominant contributions from
- O2 content (5%)
- H2O content (5%) 

[negative sign confirmed in 2025 cosmic run]
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Short-term Effect of Injection on CDC Gain 

Level of injection background varies greatly with time and with injection conditions, e.g.
- injection efficiency & duty cycle; bunch charge; 1- or 2-bunch injection; repetition rate (so far up to 25 Hz per beam)

Very similar dependence of signal degradation as a function of time after injection before and after LS1
- it takes 10-15 ms for the signal size to return to base level (typical damping time of background from injected bunch)
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Nanae Taniguchi (2024, Sept.)

gain drop due to background
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Gain degradation study
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-There is no obvious efficiency loss just after injection
-exp33run250: L=3.8×10^34, with high injection BG (two bunch injection)
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-There is no obvious efficiency loss just after injection
-exp33run250: L=3.8×10^34, with high injection BG (two bunch injection)
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Short-term Effect of Injection on CDC Gain 

Level of injection background varies greatly with time and with injection conditions, e.g.
- injection efficiency & duty cycle; bunch charge; 1- or 2-bunch injection; repetition rate (so far up to 25 Hz per beam)

Very similar dependence of signal degradation as a function of time after injection before and after LS1
- it takes 10-15 ms for the signal size to return to base level (typical damping time of background from injected bunch)

�13

Nanae Taniguchi (2024, Sept.)

gain drop due to background
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-There is no obvious efficiency loss just after injection
-exp33run250: L=3.8×10^34, with high injection BG (two bunch injection)
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-There is no obvious efficiency loss just after injection
-exp33run250: L=3.8×10^34, with high injection BG (two bunch injection)
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Conditions reached at the end of 2022b
IHER = 1035 mA, Q = 1.7 nC, rep rate = 25 Hz
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nbunch = 2346, 2-bunch injection for both beams
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Summary and Conclusions
With the expected future increase in beam background, it is very important to anticipate how CDC performance will 
evolve in the coming years 

The 2024 run has provided valuable insights into how the CDC operates under higher beam backgrounds
- however, a number of open questions remains
- from January to October, beam-off time was used for dedicated cosmic ray runs to quantify the impact of gas 

decomposition and to study CDC performance at reduced HV 

The Belle II collaboration is currently developing strategies
- on how to maintain an acceptable level of CDC performance up to LS2
‣ e.g. better control of O2 and H2O content; increased fresh gas flow rate

‣ to partly mitigate ageing effects by exploring options to operate chamber at reduced gas gain 
- which detector modifications will be required to fully exploit the bulk of the Belle II data to be collected after LS2
‣ dedicated ageing studies are under preparation

‣ for possible detector modification, see talk by Yubo Han on Overview of Belle II upgrade , Thursday 3pm 

In parallel, efforts to understand and mitigate beam backgrounds continue as a high priority
- this needs constant and close collaboration between Belle II and SuperKEKB
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https://indico.pnp.ustc.edu.cn/event/4580/contributions/31176/


carsten.niebuhr@desy.de25 November 2025   FTCF2025  Operation of the Belle II CDC

Backup
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5mm CFRP cylinder

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

Backward: readout electronics Insertion of small cell chamber Forward: HV 
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CDC Performance
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Performance 
under 1.5 Tesla magnetic field

18

Position resolution
Pt resolution:  
( (0.098pt)2 + (0.27)2 )1/2 (%)

Layer 51, right, T�= 130º, D�= -85º

The small constant term(b) could be obtained in Belle II CDC.

dE/dx performance

21

Bhabha events

Resolution
~6.7%
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Verification of Sensitivities using Field-off Cosmics in 2025

Use field-off cosmics to measure sensitivity of dE/dx to individual components of the gas under controlled conditions
- expected (negative) sign of H2O contribution has been confirmed
- sensitivities of the O2 and H2 contributions derived from collision data have been verified

This provides indirect support for the assumption that reversible gas pollution has a significant impact on the observed decrease in gain in 2024 
- test of up to 10x higher fresh gas flow rate in preparation for ongoing run period
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Comparison with BaBar DCH and BES III MDC
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cylinder, causing a 210 mm long crack. Although the
cylinder lost gas tightness, it did not lose structural in-
tegrity. Taking into consideration the potential safety
hazards, the crack was filled with epoxy. A 50 µm thick
aluminum foil was then glued over the region and elec-
trically connected to the cylinder. The incident and its
repair had no impact on the amount or quality of the
data recorded subsequently.

4.3.3. Radiation E↵ects
A variety of actions were taken to respond to aging of

the DCH. The most obvious manifestation of aging was
a decrease in signal gain. Figure 51 shows the gain rela-
tive to its initial value as a function of the average accu-
mulated charge per centimeter of sense wire. The steps
in the curve come from changes in the operating volt-
age: a 10 V change in voltage corresponded to a gain
change of 9%. The large variations in the first 3 mC/cm
are due to changes in the HV setting following the guard
wire incident. The DCH voltage was set to 1930 V at
the start of Run 2 (⇠3 mC/cm). At the start of Run
6 (⇠27 mC/cm), the voltage was increased to 1945 V
to accommodate the reduced gain. At a fixed voltage,
the gain dropped (0.337 ± 0.006%) per mC/cm. A total
charge of 34 mC/cm was accumulated over the lifetime
of the experiment.

Figure 51: Relative DCH gain (corrected for temperature and pressure
variations) as a function of accumulated charge on the wires. The
steps correspond to changes in operating voltage; the curve is a fit to
the reduction in gain, giving �G/G = (0.337 ± 0.006)% per mC/cm.

Radiation damage e↵ects on the electronics were
small, but not negligible. Three front-end electronics
assemblies, all of them in locations closest to the beam
line, failed and were replaced during Run 6. The prob-
lem was caused by radiation damage to 2.5 V voltage
regulators. Prior to Run 7, all 1.8 V and 2.5 V regula-
tors were replaced on all front-end assemblies.

The large FPGAs installed during the electronics up-
grade (Section 3.4.1) were subject to single-event up-
sets by neutrons. These upsets could potentially cause
configuration errors. It was found that reconfiguring the

FPGA at the start of every run (⇠1 hour duration) and
whenever an error was detected was su�cient to reduce
the problem to negligible levels. Reconfiguration took
7 s (during which data acquisition was suspended) and
was performed automatically.

4.4. DIRC
4.4.1. Overview

The DIRC, a ring-imaging Cherenkov detector of
unique design, was the primary detector system de-
signed to separate charged particles of di↵erent masses.
Its components, fused-silica radiators, the water-filled
stand-o↵ box (SOB), and PMTs were relatively conven-
tional, and the system proved to be robust and caused
very little BABAR down time.

The DIRC front-end electronics, HV distribution, and
data transmission were mounted on the back side of
the SOB, all enclosed by a large magnetic shield sup-
ported by the detector end doors. Therefore, access to
the crates or individual PMTs required the opening of
the detector end doors, usually creating several hours of
down time. Thus, the reliability of components inside
the shield was of great importance, and crate power and
cooling were closely monitored.

It was crucial to retain as many of the Cherenkov
photons as possible for charged tracks traversing the
fused silica bars as possible. This required that the bar
boxes remained clean and dry, the water in the SOB
stayed transparent, and the PMTs and front end elec-
tronics retained their full e�ciency throughout the ten
years of operation. Since the e�ciency of the recon-
struction of the Cherenkov image was sensitive to the
background photon rate, it was essential to control these
backgrounds as luminosity increased.

In the following, various procedures associated with
the long term operation at increasing luminosity are pre-
sented, complemented by some lessons learned

4.4.2. Calibration of PMT Timing
The calibration of the PMT time response and de-

lays introduced by the electronics was performed in two
steps: the online calibration with a conventional light
pulser and an o✏ine calibration based on reconstructed
tracks in colliding beam data.

The DIRC online calibration [8] was part of the reg-
ular global calibration of the detector. Precisely timed
light pulses of 1 ns duration were generated by 12 blue
LEDs, one per sector. Figure 52 illustrates the stabil-
ity of the response time during the entire lifetime of the
experiment for di↵erent elements of the readout. The
chart shows strong correlations between the various el-
ements and good overall stability. The steep drop at the
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BaBar DCH Belle II CDC

Integrated 
charge 30 mC/cm in 9 years

30 mC/cm for innermost 
layers in 2022a/b alone i.e. 

3.5 months

Gas mixture He:C4H10  80:20 with 
3500 ppm H2O

He:C2H6  50:50 with 
1300 ppm H2O

Volume 5.3 m3 8 m3

Recirculation 
rate

15 l/min, i.e. one full 
volume every 6 hours

4+2x0.5 l/min, i.e. one full 
volume every 26 hours

Fresh gas rate 2.5 l/min, i.e. one full 
volume every 36 hours

0.2 l/min, i.e. one full 
volume every 28 days
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and about 0.2% for the outer chamber cells [8].  
The accumulated charges of MDC sense 

wires in the last 6 years have been calculated by 
integrating the currents of the cells in each year, 
as shown in Fig. 4. The accumulated charges of 
the innermost sense wires are about 105 mC / 
cm and then the charges reduce gradually for 
the sense wires far away from the interaction 
point. According to the aging ratio and 
accumulated charges, we can also get the gain 
change of MDC in each year, as shown in Fig. 5, 
which is consistent with the result calculated 
from Bhabha events. The gains of the cells in 
the first 10 layers decreased quickly before 
2012, but kept a maximum decrease of about 4% 
for the first layer cells in the last two years, due 
to a relatively low background.  

 

Fig. 4 Accumulated charge of the cells as a 
function of MDC layer in each year  

 

Fig. 5 Gain decrease of the cells as a function of 

MDC layer in each year, from accumulated 
charge and aging ratio 

5. MDC cathode aging 
The MDC encountered the Malter effect in 

January 2012, when the currents of some cells 
in the inner chamber jumped to a high level 
during data taking without high voltage change 
and beam lost. The increasing current, which 
reached a maximum of a few microamperes, did 
not disappear even after stopping the beam 
irradiation, until the high voltage was powered 
off, as shown in Fig. 6. It was verified to be the 
Malter effect, a kind of cathode aging, which 
can easily occur in gas chambers with high gas 
gain working at huge background. The Malter 
effect has been encountered by several 
international high energy experiments; for 
example, the BaBar drift chamber encountered 
the Malter effect during its commissioning [9]. 
For the BES experiments, however, it was the 
first time to observe this kind of discharge. 
Because neighboring cells of the MDC share the 
same field wires, Malter discharge can spread 
fast in the inner chamber, which leads to more 
and more affected cells that cannot work 
normally due to the high current.   

 
Fig. 6 The current of some cells as a function of 

time, reaching a maximum of 6 µA due to 
Malter discharge. The current did not disappear 
even after stopping beam irradiation, until the 

high voltage was powered off. 
Firstly, we divided the high voltage system 
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BES III MDC

He / C3H8 = 60 : 40  with 0.2% H2O (from 2012):    1
Q /L

ΔG
G

=
0.3 %

mC/cm


