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Operational challenges 
for Belle II CDC in 2024 

and beyond
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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

Oct. 11 Oct. 12

Oct. 13 Oct. 13

support bar is inserted in Belle support bar is inserted in CDC

installed in Belle

Nanae Taniguchi (KEK)

operation in beam

38

B decay event

offline tracking

cross talk in electronics 
due to 

beam background
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Key Drivers of Changes in CDC Performance
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Field wire ageing: Malter
Malter effect and free radicals

Malter 
effect

Free radicals formation

cathode / field

insulating layer

anode

Clear observation of background induced 
sustained chamber current in inner layers
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Key Drivers of Changes in CDC Performance
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Field wire ageing: Malter

carsten.niebuhr@desy.de50th B2GM, TB Meeting, 26 February 2025:  CDC run gain in 2024

Scenario 1b: Splitting ∫ ICDC dt in 2024ab & 2024c

Slightly better c2 when considering independent fit parameters for component 
 ∫ICDC dt before and after summer shutdown

The slope of this component is increased by a factor of 3 after the summer shutdown

Pronounced layer dependence of wire gain ratio after summer shutdown

∝
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Run gain in 2024
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Measured run gain
Fit result:   χ2/ndof = 5.69
Fit result - space charge effect (ICDC)
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Gain drop and sense wire ageing

27 March 2025:  CDC task force meeting

Scenario 3: Remove  ∫ ICDC dt from Fit
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Run gain in 2024
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Measured run gain
Fit result:   χ2/ndof = 7.33
Fit result - space charge effect (ICDC)
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5 B2 CDC 25.3.2025Daniel Pitzl (DESY): CDC in 2024

J/ψ→μμ

lepid.C

exp 30 exp 35

σ/σ: 6.75 / 6.34 = 1.065

fit: Student’s t
exp 33: σ 6.46 MeV

5 B2 CDC 25.3.2025Daniel Pitzl (DESY): CDC in 2024

J/ψ→μμ

lepid.C

exp 30 exp 35

σ/σ: 6.75 / 6.34 = 1.065

fit: Student’s t
exp 33: σ 6.46 MeV

5 B2 CDC 25.3.2025Daniel Pitzl (DESY): CDC in 2024

J/ψ→μμ

lepid.C

exp 30 exp 35

σ/σ: 6.75 / 6.34 = 1.065

fit: Student’s t
exp 33: σ 6.46 MeV

5 B2 CDC 25.3.2025Daniel Pitzl (DESY): CDC in 2024

J/ψ→μμ

lepid.C

exp 30 exp 35

σ/σ: 6.75 / 6.34 = 1.065

fit: Student’s t
exp 33: σ 6.46 MeV

exp30

exp35

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 hit efficiency (space charge vs rate limitation)

σpt
pt

∝
pt

N + 5

Field wire ageing: Malter

carsten.niebuhr@desy.de50th B2GM, TB Meeting, 26 February 2025:  CDC run gain in 2024

Scenario 1b: Splitting ∫ ICDC dt in 2024ab & 2024c

Slightly better c2 when considering independent fit parameters for component 
 ∫ICDC dt before and after summer shutdown

The slope of this component is increased by a factor of 3 after the summer shutdown

Pronounced layer dependence of wire gain ratio after summer shutdown
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Fit result - space charge effect (ICDC)
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27 March 2025:  CDC task force meeting

Scenario 3: Remove  ∫ ICDC dt from Fit
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Nanae Taniguchi (2024, Sept.)

gain drop due to background
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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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-There is no obvious efficiency loss just after injection
-exp33run250: L=3.8×10^34, with high injection BG (two bunch injection)

CDCTRG efficiency vs time since injection

time since injection(ms)
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T. Koga

two track trigger (ffo) efficiency: time from injection

5

-Definition of efficiency: #(ffo fired events)/#(all selected events)

-run2063 is used

-Clear dependence of time from injection
-event variable of “injectionInHER” and “timeSinceLastInjectionMicroSeconds” are used

ffo eff. (θ) LER injection ffo eff. (θ) HER injection

-t<1ms
-1<t<10ms
-t>10ms

two track trigger efficiency and 
TimeSinceLastInjection

1<t<10ms

t>10ms

t<1ms

data after 
calibration

Time after HER injection [ms]

dE
dx

Injection related background

September 26th, 2024 CDC Operational Issues

Short-term Effect of Injection on CDC Gain 

Level of injection background varies greatly with time and injection 
parameters, e.g.
- bunch charge; 1- or 2-bunch injection; repetition rate (so far 

limited to 25 Hz per beam); injection duty cycle
Generally very similar time dependence before and after LS1
- typically takes 10-20 ms to return to base level

However, due to the reduced beam lifetime caused by the 
Touschek effect, to achieve the target beam currents, the bunch 
charge must be increased, the 2-bunch injection mode must be 
used consistently, and a high injection duty cycle is required
Note: Doubling repetition rate to 2x50 Hz being considered for LS2
-  �  = 10 ms, i.e. will never operate in stable regime⇒ Δtinj
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Worst conditions reached at the end of 2022b
IHER = 1035 mA, Q = 1.7 nC, rep rate = 25 Hz
ILER = 1293 mA, Q = 2.0 nC, rep rate = 21 Hz

nbunch = 2346, 2-bunch injection for both beams

No injection (i.e. storage + luminosity background)
HER injection

HER+LER injection

IL4-3 (i.e. quarter of L4)

 2.5 s

Nanae Taniguchi (KEK)

beam operation

39

CDC leak current (40 wires in inner layer)

beam injectionno injection

background contribution 
due to strage beam

20 uA

Key Drivers of Changes in CDC Performance

�3

Exp 22-26

30

32

34

36

38

40

42

44

46

48

50

0 50 100 150 200 250 300
ILayer (CDC) [µA]

N
um

be
r o

f C
D

C
 h

its
 p

er
 m

uo
n 

tr
ac

k

June 2024

30

32

34

36

38

40

42

44

46

48

50

0 50 100 150 200 250 300

Number of extra CDC hits

N
um

be
r o

f h
its

 p
er

 m
uo

n 
tr

ac
k

40

41

42

43

44

45

46

0 100 200 300 400 500 600 700 800 900

5 B2 CDC 25.3.2025Daniel Pitzl (DESY): CDC in 2024

J/ψ→μμ

lepid.C

exp 30 exp 35

σ/σ: 6.75 / 6.34 = 1.065

fit: Student’s t
exp 33: σ 6.46 MeV
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exp 33: σ 6.46 MeV

5 B2 CDC 25.3.2025Daniel Pitzl (DESY): CDC in 2024
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exp 30 exp 35

σ/σ: 6.75 / 6.34 = 1.065
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exp 33: σ 6.46 MeV

5 B2 CDC 25.3.2025Daniel Pitzl (DESY): CDC in 2024

J/ψ→μμ

lepid.C

exp 30 exp 35

σ/σ: 6.75 / 6.34 = 1.065

fit: Student’s t
exp 33: σ 6.46 MeV

exp30

exp35

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
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Field wire ageing: Malter

carsten.niebuhr@desy.de50th B2GM, TB Meeting, 26 February 2025:  CDC run gain in 2024

Scenario 1b: Splitting ∫ ICDC dt in 2024ab & 2024c

Slightly better c2 when considering independent fit parameters for component 
 ∫ICDC dt before and after summer shutdown

The slope of this component is increased by a factor of 3 after the summer shutdown

Pronounced layer dependence of wire gain ratio after summer shutdown

∝
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Run gain in 2024
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27 March 2025:  CDC task force meeting

Scenario 3: Remove  ∫ ICDC dt from Fit
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Examples of the Impact of an unstable CDC Run Gain in 2024
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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) 

CDC dE/dx mean

CDCTRG 2track efficiency
CD

C 
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/d
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m
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CDCTRG 2track efficiency

#run

CDCFE mask/unmask

4

CDCTRG efficiency issue
T.Koga
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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
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Nanae Taniguchi (250219)
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• 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

N. Taniguchi

IHER x ILER [A2]

1115th Juanuary 2025 The 28th KEKB Accelerator Review Committee

Strategy toward 1.0×1035 cm-2s-1

• Strategy toward 1.0×1035 cm-1s-1 : Route (B)
• Increase beam current with βy

* = 0.9 mm
• Target current : 2.58 A/ 1.83 A

• Improve injection under influence of Beam-Beam interactions
• Reduce injection errors with modified injection scheme

• Required specific luminosity : Lsp = 5×1031 cm-1s-1 mA-2

• 2024ab results and outlook
• With 393 bunches (Result of high bunch current study)

• L(393 bunches) = 1.38×1034 cm-2s-1

• Lsp(393 bunches) = ∼4×1031 cm-1s-1 mA-2

• Degradation due to beam blowup at high bunch current

• With 2346 bunches (outlook)
• L(393 bunches) = 1.38 × 1034 cm-2s-1

× 2346/393  (increase bunches)
8.27 × 1034 cm-2s-1

× 5/4  ( Lsp improvement)
1.0 × 1035 cm-2s-1

Luminosity with
393 bunches

Specific Lumi. with
393 bunches
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Y. Ohnishi
SuperKEKB roadmap until LS2

715th Juanuary 2025 The 28th KEKB Accelerator Review Committee

Important milestones before LS2

• Integrated luminosity target;
• 0.58 ab-1 in JFY2024 (current value) 
• 1 ab-1 in JFY2025
• 2 ab-1 in JFY2026
• 5 ab-1 by around 2028-2029

• LHC Run3 results will appear around 2028-2029

• Peak luminosity target;
• 0.51×1035 cm-2s-1 by the end of JFY2024 

(current value)
• 1.0×1035 cm-2s-1

• 2.4×1035 cm-2s-1 before LS2

New luminosity projection (under consideration)

LS2

2032

We are here now.We are here: 10–1 in Lpeak & 10–2 in Lint away from goal
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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
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Nanae Taniguchi (250219)
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• 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
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Strategy toward 1.0×1035 cm-2s-1

• Strategy toward 1.0×1035 cm-1s-1 : Route (B)
• Increase beam current with βy

* = 0.9 mm
• Target current : 2.58 A/ 1.83 A

• Improve injection under influence of Beam-Beam interactions
• Reduce injection errors with modified injection scheme

• Required specific luminosity : Lsp = 5×1031 cm-1s-1 mA-2

• 2024ab results and outlook
• With 393 bunches (Result of high bunch current study)

• L(393 bunches) = 1.38×1034 cm-2s-1

• Lsp(393 bunches) = ∼4×1031 cm-1s-1 mA-2

• Degradation due to beam blowup at high bunch current

• With 2346 bunches (outlook)
• L(393 bunches) = 1.38 × 1034 cm-2s-1

× 2346/393  (increase bunches)
8.27 × 1034 cm-2s-1

× 5/4  ( Lsp improvement)
1.0 × 1035 cm-2s-1
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 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)
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|ΔG |
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1
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∼
6 %

C/cm

G
G0

Pre-Belle study: sizeable extrapolation uncertainty

Note: No serious performance degradation seen 
in Belle CDC up to ~1C/cm

Nanae Taniguchi (250219)

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

715th Juanuary 2025 The 28th KEKB Accelerator Review Committee

Important milestones before LS2

• Integrated luminosity target;
• 0.58 ab-1 in JFY2024 (current value) 
• 1 ab-1 in JFY2025
• 2 ab-1 in JFY2026
• 5 ab-1 by around 2028-2029

• LHC Run3 results will appear around 2028-2029

• Peak luminosity target;
• 0.51×1035 cm-2s-1 by the end of JFY2024 

(current value)
• 1.0×1035 cm-2s-1

• 2.4×1035 cm-2s-1 before LS2

New luminosity projection (under consideration)

LS2

2032

We are here now.We are here: 10–1 in Lpeak & 10–2 in Lint away from goal
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Run Gain 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 
here to attempt a more quantitative analysis 
Variables considered so far 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
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Scenario 1: All Parameters included
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Run gain in 2024
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Scenario 3: Remove  ∫ ICDC dt from Fit

Dominant contributions to gain loss

- impurity build-up

- space charge / voltage drop
- H2 content (avoidable)
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Alternative Approach to Permanent Gain Loss: Wire Gains 2019-2024
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Nanae Taniguchi (250219)

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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Alternative Approach to Permanent Gain Loss: Wire Gains 2019-2024
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• much water until 2022b 

• sensor is drifting 

• in the end of 2024c 
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• ratio of sL0 and sL6 is affected by gas 
condition rather than accumulated charge
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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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volume every 28 days
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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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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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Unexpected Observations

H2O content
- with the exception of scenario 8 (no pollution & no ageing contribution, very bad c2), all scenarios 

require an increasing gain with H2O content, contrary to expectations
Integrated charge
- unless omitted from the fit, the result is more than one order of magnitude larger than that 

obtained in the pre-Belle ageing study
Hypothetical contamination with trace contaminants from the avalanche 
- unless omitted from the fit, all scenarios require a sizeable contribution of such a component
- this is an argument for a substantial increase of the fresh gas flow rate during beam operation
Given that beams will only be back in fall, we will use cosmic runs to check the evolution of the 
charge median as an additional monitor of the run gain, in order to disentangle the various effects
- e.g. change H2O and O2 contents in controlled way to ‚calibrate‘ sensitivity
- take data with reduced HV and study impact on efficiency and resolution

�11
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Other Surprising Findings in 2024c 

Safe and reliable CDC operation requires stable gas conditions
- e.g. He-C2H6 ratio, H2O and O2 content, gas pressure
- O2 inflow proportional to pressure difference between CDC and 

environment
Increased monitoring capabilities introduced in summer 2024 allowed more 
detailed studies
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Other Surprising Findings in 2024c 

Safe and reliable CDC operation requires stable gas conditions
- e.g. He-C2H6 ratio, H2O and O2 content, gas pressure
- O2 inflow proportional to pressure difference between CDC and 

environment
Increased monitoring capabilities introduced in summer 2024 allowed more 
detailed studies
Several unexpected findings

- significant O2 consumption when CDC draws current (avalanche) 
‣ on average, each ion produced in the avalanche causes ~ 3 O2 molecules 

to undergo a chemical reaction
- behaviour of O2 filter changed abruptly when CDC operated with beam

‣ prior to beam operation the probability of an O2 molecule being absorbed 
(converted) is 50%

‣ within a few hours, this probability is reduced by almost an order of 
magnitude
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Wire Gains and online Hit Map when Malter Effect started
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Wire Gains and online Hit Map when Malter Effect started
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Wire Gains and online Hit Map when Malter Effect started
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Short-term Effect of Injection on CDC Gain 

Level of injection background varies greatly with time and injection 
parameters, e.g.
- bunch charge; 1- or 2-bunch injection; repetition rate (so far 

limited to 25 Hz per beam); injection duty cycle
Generally very similar time dependence before and after LS1
- typically takes 10-20 ms to return to base level

However, due to the reduced beam lifetime caused by the 
Touschek effect, to achieve the target beam currents, the bunch 
charge must be increased, the 2-bunch injection mode must be 
used consistently, and a high injection duty cycle is required
Note: Doubling repetition rate to 2x50 Hz being considered for LS2
-  �  = 10 ms, i.e. will never operate in stable regime⇒ Δtinj
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Gain degradation study

 Summary

dE/dx gain(μ) vs. TimeSinceLastInjection(μs)
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Gain degradation study
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Large dependency for time < 20-30ms
different for LER and HER
increases with time (run-dependency)
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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)

CDCTRG efficiency vs time since injection

time since injection(ms)

LER HER

ffo
ef

fic
ie

nc
y

mumutight

T. Koga

two track trigger (ffo) efficiency: time from injection

5

-Definition of efficiency: #(ffo fired events)/#(all selected events)

-run2063 is used

-Clear dependence of time from injection
-event variable of “injectionInHER” and “timeSinceLastInjectionMicroSeconds” are used

ffo eff. (θ) LER injection ffo eff. (θ) HER injection

-t<1ms
-1<t<10ms
-t>10ms

two track trigger efficiency and 
TimeSinceLastInjection

1<t<10ms

t>10ms

t<1ms

data after 
calibration

dE/dx vs time after last injection

2022

2024

time after last HER injection [ms] time after last LER injection [ms]

Worst conditions reached at the end of 2022b
IHER = 1035 mA, Q = 1.7 nC, rep rate = 25 Hz
ILER = 1293 mA, Q = 2.0 nC, rep rate = 21 Hz

nbunch = 2346, 2-bunch injection for both beams

No injection (i.e. storage + luminosity background)
HER injection

HER+LER injection

IL4-3 (i.e. quarter of L4)

 2.5 s
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Conclusions

The 2024 run has taught us a lot about the operation of the CDC at higher beam backgrounds
- but at the moment there are still a number of open questions
- decided to use the beam-off time until autumn for dedicated cosmic ray studies 

With the expected future increase in beam background, it is important to anticipate how CDC 
performance will evolve in the coming years 

Must now develop strategies
- on how to maintain an acceptable level of CDC performance up to LS2
- for what detector modifications will be required to fully exploit the bulk of the Belle II data to be 

collected after LS2  

In parallel, efforts to understand and mitigate beam backgrounds must continue as a high priority
- need to even intensify collaboration between Belle II and SuperKEKB
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Backup
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Nuclear Interaction Vertex Image of Region between CDC & VXD
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Charge of L0 hit on track
z

f 

VXD outer cover

CDC inner wall

Phi [rad]

    100um Al sheet on surface of CFRP cylinder

inner CFRP cylinder

deformed due to high pressure

CDC inner wall (0.4mm CFRP) deformed due to 
accidental overpressure during CDC construction
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Injection: Three Minutes of typical CDC Operation in May 2022
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Max. current 
Min. current Neg. spikes 

Both gates closed

Both gates open

One gate open


