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Central Drift Chamber

The CDC in Belle was operating very successfully at KEKB 

The Belle II CDC is an adiabatic evolution of this successful design  

However, the background situation at SuperKEKB is significantly more 
challenging than anticipated at the design stage  

As its name says, the CDC is central to the Belle II physics program
- tracking, triggering, PID  

Questions
- How compatible are the presently considered running/upgrade 

scenarios with the projected development of CDC performance? 
- What options do we have to mitigate possible serious performance 

degradation
‣ between LS1 and LS2 ?

‣ in LS2 (whenever it will happen) ?

�1

Luminosity Prospects

Short-term plan:
. Summer 2022: full new PXD (PXD2) installation!
important to maintain good vertex resolution at high
luminosity

. Extension of the current running period: additional op-
erational money, Covid-19 restrictions, possibility to
test aggressive machine parameters

. By summer 2022: O(0.5� 1) ab�1 (⇠Belle dataset)
Long-term plan:
. � 2026 : QCS/IR modification necessary to reach
design luminosity

. Detailed proposals are currently under discussion, but
no exact plan is established yet!

. By 2026: O(15) ab�1 (⇠ 20⇥Belle dataset)

Presented short-term plan was agreed in February 2021

Goal is to collect 50 ab−1

BPAC 2020 0629 42020/6/29

• Updated plan
• Proposed in Roadmap 2020

SuperKEKB Roadmap2020

• Peak luminosity ~6E35 cm-2s-1 in ~2028
• Integrated luminosity 50 ab-1 in ~2030 

(40 ab-1 in ~2029)
• PXD exchange in 2021~2022
• Partial RF-power upgrade (2 stations) 

in 2026
• IR (QCS and its beam pipes etc.) 

upgrade in 2026
• by

*=0.3 mm in 2026 after IR upgrade, 
and ~0.5 mm before that

• Max. beam currents: LER 2.8 A, HER 
2.0 A (1761 bunches) in 2027

• Basically, 8 months operation per year.
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[Investment in equipment]
• IR (QCS and its beam pipes etc.)
• Partial RF-power upgrade (2 stations)
• Beam collimator upgrade
• Linac upgrade
• Belle II upgrade

Int. lum
inosity [ab

-1]

*QCS:
Superconducting final focusing quadrupole magnetDESYª | S. Stefkova | 91st PRC meeting, 04.05.2021 Page 5• Key parameters in the long-term luminosity profile

Luminosity profile for 2021 runs

232021/2/4 MDI meeting
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Suestugu-san

LS1 LS2
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Concerns

Uncertainties are still significant, but there are justified concerns related to
- use of He/C2H6 gas mixture in high background environment: ageing
‣ integrated charge per wire length will substantially exceed the Belle level

‣ temporary and local appearance of Malter effect seen very early on  
(this triggered the formation of the CDC task force in 2018)
- L54 kept off/standby until 2020c; since Dec 2020 it was turned on again and operating stably since then √

‣ vulnerability against increasing injection background

- hit rate limitations
‣ space charge effects (/ efficiency, dE/dx resolution)

‣ occupancy for tracking 
- even amplified by cross talk

- radiation hardness of frontend electronics
Safety factors at design parameters of SuperKEKB are marginal

�2

Addressed by existing EoI



carsten.niebuhr@desy.deSeptember 26th, 2024 CDC Operational Issues

Run Gain Variations before and after LS1

�3

Run Gain  
rel. dE/dx for bhabha electr.

Run 2021b + Run 2022a/b Run 2024a/b

Exp 22-26

LS1
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Run Gain Variations before and after LS1

�3

Run Gain  
rel. dE/dx for bhabha electr.

Run 2021b + Run 2022a/b Run 2024a/b

Exp 22-26

 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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sizeable 
extrapolation 
uncertainty

Pre-Belle ageing study

2018
2019 Spring
2019 Autumn
2020 Spring
2020 Autumn
2021 Spring
2021 Autumn
2022 March
2022 Apr. - June
2024 Feb. - June

Layer

Belle II 2018-2024

Gain drop extrapolated from pre-Belle ageing test < 0.5%

Observed gain variation, mainly due to 
inadvertent changes in gas conditions and 
increasing beam background, completely 
masks expected gain loss extrapolated from 
pre-Belle ageing study

- pre-LS1: too high (~10x) H2O level 
(unreliable H2O & O2 monitors)

- post-LS1: H2 fraction reaching ~7%

LS1
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Run Gain Variations before and after LS1
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Run Gain  
rel. dE/dx for bhabha electr.

Run 2021b + Run 2022a/b Run 2024a/b

b36 b37 b41

SuperKEKB striving for 0.5x1035cm-2s-1

d0 resolution (reconstruted by CDC only)

4

z0 resolution (reconstruted by CDC only)

5

Pt resolution (reconstruted by CDC only)

3

Position resolution

2

Position resolution

2

s(pt)/pt s(d0) s(z0)

Exp 22-26

Observed gain variation, mainly due to 
inadvertent changes in gas conditions and 
increasing beam background, completely 
masks expected gain loss extrapolated from 
pre-Belle ageing study

- pre-LS1: too high (~10x) H2O level 
(unreliable H2O & O2 monitors)

- post-LS1: H2 fraction reaching ~7%
Gain loss at end of Run 2022b resulted in 
significant performance degradation of 
CDC-only tracking

- number of CDC hits on tracks/
reduced hit- and trigger-efficiency

- hit position and track parameter 
resolution s(pt), s(d0), s(z0)

Impact of gain drop during 2024a/b also 
visible, but much smaller

- modified O2/H2O removal systems 
expected to restore b37 conditions

LS1
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CDC Gas System
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Gas cylinder storage area
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10kg

P = Pressure Gauge

PD = Pressure Gauge : Diaphragm Seal Type

APT = Absolute Pressure Transducer

DPT = Differential Pressure Transducer

DPS = Dew Point Sensor

EX = Exhaust、EX1=Pressure Control、EX2=Purge

FM = Area Flow Meter

MFC = Mass Flow Controller

S = Solenoid Valve

(1/4) = Pipe , Valve or Joint Size 1/4 inch.
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Simplified and somewhat outdated principleCurrent layout (including many LS1 improvements)
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~4L/min

~0.5L/min

~0.5L/min

~2x0.1L/min

2H2+O2/2H2O
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CDC Gas System
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Simplified and somewhat outdated principleCurrent layout (including many LS1 improvements)

H2O bubbler added in 2018 after 
suspicion of localised Malter effect 
in L54 
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Gas Recirculation Rate

�5

22 h

27 h

16 h

18 hTime for recirculation of a full CDC gas volume

2020 2021 2022 2023 20242019

LS1
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Gas Recirculation Rate

�5

22 h

27 h

16 h

18 hTime for recirculation of a full CDC gas volume

2020 2021 2022 2023 20242019

LS1

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 7.5 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 25 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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Evolution of Beam-related CDC Background in 2022/2024

Use number of CDC hits that are not associated with tracks as an indicator of CDC background
Varies greatly with machine and beam conditions
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Evolution of Beam-related CDC Background in 2022/2024

Use number of CDC hits that are not associated with tracks as an indicator of CDC background
Varies greatly with machine and beam conditions
- difference of more than a factor of two between b36 (2022b, damaged collimators) and b41 (2024b) 
Hit rates already  reach >100 kHz/wire when trying to approach L = 0.5x1035 cm-2s-1
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b41   µ = 47 kHz / wire

b36   µ = 106 kHz / wire

Luminosity weighted hit rate [kHz / wire]
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Ongoing Ageing Test
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Nanae Taniguchi (240710)

/17

setup of aging test
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Nanae Taniguchi (2024, Sept.)

Aging test
• accumulated charge ~0.39-0.78C/cm/year at L=2.4×1035 for 

innermost layer is expected based on the operation of 2024ab 
• gas gain as dependence on accumulated charge is monitored
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Aging test
• accumulated charge ~0.39-0.78C/cm/year at L=2.4×1035 for 

innermost layer is expected based on the operation of 2024ab 
• gas gain as dependence on accumulated charge is monitored
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Nanae Taniguchi (2024, Sept.)

aging test (June-July)

• ratio is stable 

• no indication of aging 
effect (gain drop)
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Goal: reproduce pre-Belle result
So far, no evidence of ageing at 66 mC/cm accumulated charge
If unacceptable ageing rate is observed, repeat test with a  hydrocarbon-free gas mixture 
Caveats
- difficult to achieve multi-C/cm regime with this set-up
- gas volume exchange rate similar to CDC, but

‣ no recirculation (injection of fresh He/C2H6)

‣ very low ratio of irradiated volume to test chamber volume compared to CDC

Initial results
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Background Dependence of Run Gain 

Updated Plots 
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2022 Dec. 15 H.Ozaki (KEK) 6 

← gain @1st phys run in e24 
 
 
← resistors only 
← resistors+space charge (mu=2.8)  
 
← data if  no improvement  

bucket36 

Ion mobility in C2H6 µcalc ~ 18 cm2/V/s, calculated by Rob Veenhof (CERN)

Pre-LS1 run gain found to be significantly dependent on chamber current
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Background Dependence of Run Gain 

Updated Plots 
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← m=5.6 

← m=18 

← m=1.4 ← m=1.4 
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Calculation and Projection to Future 
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← gain @1st phys run in e24 
 
 
← resistors only 
← resistors+space charge (mu=2.8)  
 
← data if  no improvement  

bucket36 

Ion mobility in C2H6 µcalc ~ 18 cm2/V/s, calculated by Rob Veenhof (CERN)

Pre-LS1 run gain found to be significantly dependent on chamber current
Ozaki-san (KEK) tried to model this dependence, taking into account
(1) gain reduction due to voltage drop across resistor in HV distribution 

‣ significant improvement expected from resistor replacement in LS1
(2) space charge as a function of ion mobility µ

‣ (1)+(2) can reasonably reproduce pre-LS1 gain drop assuming µ = 1.4 ~ 6 cm2/V/s

‣ some tension with estimated value of µ = 10 ~ 20 cm-2/V/s in He/C2H6 estimated by 
Rob Veenhof (CERN)

(2) H.Ozaki: „I calculated the voltage drop [due to space charge] by solving the Poisson eq. 
for a geometry similar to Belle2 CDC (multi-square cells w/o staggering), instead of using a 
simple formula derived for a cylindrical tube in 1969.“

(1) Estimated gain reduction due to voltage drop across resistor in HV distribution
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← m=5.6 

← m=18 

← m=1.4 ← m=1.4 

 RunGain vs Current: Fit and Expectation 
 
 
 
 
 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 
 

 
  
 
 

 
 

 
  
 
    

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 

 
 

 
 
 
 
 

 
 

 
 

 
  
  

 
 

 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

 
 
 
 

 

 
 

 
 

 
 

2023 Nov.2 H.Ozaki (KEK) 10 

lightblue lines, 
hit rates in random 
data and in simulated 
bkg -> gain drop 
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Background Dependence of Run Gain 

Updated Plots 
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← gain @1st phys run in e24 
 
 
← resistors only 
← resistors+space charge (mu=2.8)  
 
← data if  no improvement  

bucket36 

Expected slope change due to resistor replacement

Last week of June 2024, cosmic corrected
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Ion mobility in C2H6 µcalc ~ 18 cm2/V/s, calculated by Rob Veenhof (CERN)

Pre-LS1 run gain found to be significantly dependent on chamber current
Ozaki-san (KEK) tried to model this dependence, taking into account
(1) gain reduction due to voltage drop across resistor in HV distribution 

‣ significant improvement expected from resistor replacement in LS1
(2) space charge as a function of ion mobility µ

‣ (1)+(2) can reasonably reproduce pre-LS1 gain drop assuming µ = 1.4 ~ 6 cm2/V/s

‣ some tension with estimated value of µ = 10 ~ 20 cm-2/V/s in He/C2H6 estimated by 
Rob Veenhof (CERN)

Contrary to expectation, no significant change in slope seen after LS1
- i.e. no visible effect of resistor exchange  

0 so far have only partial understanding of the gain drop

(2) H.Ozaki: „I calculated the voltage drop [due to space charge] by solving the Poisson eq. 
for a geometry similar to Belle2 CDC (multi-square cells w/o staggering), instead of using a 
simple formula derived for a cylindrical tube in 1969.“

(1) Estimated gain reduction due to voltage drop across resistor in HV distribution
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2023 Mar.22 H.Ozaki (KEK) 1 

← m=5.6 

← m=18 

← m=1.4 ← m=1.4 

T2(FWD) with PXD off
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– Expected slope after resistor exchange

 RunGain vs Current: Fit and Expectation 
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hit rates in random 
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Zoom in: 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

�9

Nanae Taniguchi (2024, Sept.)

gain drop due to background

6
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Gain degradation study

 Summary
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-There is no obvious efficiency loss just after injection
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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
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LS2 Machine Upgrade Plans under Consideration

�10

KEK (High Energy Accelerator Research Organization)

3

Other possible ideas under investigation

Requiested upgrade during LS2

8/23/24

Requested upgrade during LS2  

Other possible ideas under investigation 

2x25	Hz	/	2x50	Hz
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Background Extrapolation before and after LS2

In recent years we have achieved reasonable agreement between 
measured and simulated beam-induced backgrounds (excl. injection…)
Allows reasonably good prediction of background levels up to LS2 
However, no optics yet available for post-LS2 machine setup
Different scaling factors of scenarios account for associated uncertainties

�11

3.4 Background extrapolation

In this section, we discuss the Monte-Carlo simulation setup to predict beam
backgrounds in Belle II at the luminosity above 3⇥ 10

35
cm

�2
s
�1, so-called After

LS2 operation. The outcome of this exercise is the predicted Belle II background
rate in different sub-detectors at higher luminosity with expected detector safety5

factors1.

Table 3.2: SuperKEKB parameters used for the background study. �⇤, L, I, P̄e↵.,
nb, ", �z, and CW stand for the betatron function at the IP, luminosity, beam cur-
rent, average beam pipe pressure, number of bunches, equilibrium beam emit-
tance, bunch length, and Crab-Waist sextupoles, respectively. The numbers in
columns Before LS2 and Target are from Ref. [31], while Design column num-
bers are adopted from Ref. [26].

Setup Before LS2 Target Design
�
⇤
y
(LER/HER) [mm] 0.6/0.6 0.27/0.3 0.27/0.3

�
⇤
x
(LER/HER) [mm] 60/60 32/25 32/25

L [⇥10
35

cm
�2
s
�1] 2.8 6.0 8.0

I(LER/HER) [A] 2.52/1.82 2.80/2.00 3.6/2.6
P̄e↵.(LER/HER) [nPa] 48/17 52/18 133/133
nb [bunches] 1576 1761 2500
"x(LER/HER) [nm] 4.6/4.5 3.2/4.6 3.2/4.6
"y/"x(LER/HER) [%] 1/1 0.27/0.28 0.27/0.28
�z(LER/HER) [mm] 8.27/7.60 8.25/7.58 6.0/6.0
CW ON OFF OFF

Currently, the target instantaneous luminosity is 6.0⇥10
35
cm

�2
s
�1. It should

allow us to collect 50 ab
�1 of data by the 2030s. However, at the time we are

preparing this CDR, we do not have a so-called working machine lattice to reach
the target at the design optics with �

⇤
y
= 0.3mm, see Table 3.2 (Target column).10

Moreover, the final design of the IR magnet system and beam pipes is not com-
pleted, and it is still under discussion. According to the dedicated studies dis-
cussed in Refs. [30, 31], the highest possible luminosity that could be achieved
at the current SuperKEKB is 2.8 ⇥ 10

35
cm

�2
s
�1 at �

⇤
y
= 0.6mm, see Table 3.2

(Before LS2 column).15

The prediction for the BG rates Before LS2, with known machine configu-
ration, is made with the full BG simulation described before, re-scaling each
BG component with the measured Data/MC ratios, shown in first column of
Table 3.3. Belle II background rates expected with these conditions, shown in
Fig. 3.4, are high but acceptably below detector limits listed in Table 3.1.20

1The safety factor is defined as a ratio between the detector limit and predicted background
rate. It shows how much the background level can increase before reaching the detector limit.

33

On the contrary, given all the mentioned uncertainties in the machine con-
figuration After LS2 (i.e., machine-detector protection upgrade during LS1, final
focusing magnet redesign during LS2, collimator relocation, and the injection
chain tuning), an alternative solution to roughly estimate background rates in
the detector was used for this extrapolation. The background predicted for con-5

ditions Before LS2 are used as a starting point and scaling factors are applied to
the various components to extrapolate them to After LS2 in the following way.
In addition to Data/MC ratios, the following three scaling factors are considered
for single-beam background components: i) x2 – optimistic Scenario-1, comes
from a simple scaling of all single-beam background components from Before10

LS2 to Target beam parameters (see Table 3.2) following heuristic fit formulas
discussed in Ref. [31], ii) x5 – nominal Scenario-2, and iii) x10 – conservative
Scenario-3, an arbitrary factor assuming that all single-beam backgrounds will
be elevated by order of magnitude After LS2. Luminosity BG terms are instead
correctly simulated for the target luminosity After LS2 over the luminosity Before15

LS2, applying the measured Data/MC ratio.

Q
CS

-B
W

D-
31

50

20

40

60

80

100

120

140

160

Do
se

 ra
te

 [m
ra

d/
s]

1.2+ 
1.1− 9.2

LER Beam-gas BG LER Touschek BG Luminosity BG Total BG
HER Beam-gas BG HER Touschek BG Stat. unc. Syst. unc.

BP
-F

W
D-

32
50

10

20

30

40

50

60

Do
se

 ra
te

 [m
ra

d/
s]

4.6+ 
3.7− 29.5

Q
CS

-F
W

D-
22

50

20

40

60

80

100

Do
se

 ra
te

 [m
ra

d/
s]

6.4+ 
5.4− 28.1

PX
D 

L1

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

M
ea

n 
oc

cu
pa

nc
y 

[%
]

0.5+ 
0.5− 9.0

PX
D 

L2

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

M
ea

n 
oc

cu
pa

nc
y 

[%
]

1.2+ 
1.2− 19.3

SV
D 

L3

0

0.2

0.4

0.6

0.8

1

1.2

1.4

M
ea

n 
oc

cu
pa

nc
y 

[%
]

0.9+ 
0.7− 4.3

CD
C0

10

20

30

40

50

60

70

80

Hi
t r

at
e 

[k
Hz

/w
ire

]

0.1+ 
0.1− 2.9

TO
P 

AL
D0

0.5

1

1.5

2

2.5

3

Ba
ck

gr
ou

nd
 ra

te
 [M

Hz
/P

M
T]

0.2+ 
0.2− 2.8

AR
IC

H0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Ph
ot

on
 ra

te
 [M

Hz
/H

AP
D]

1.6+ 
1.6− 14.8

Ba
rre

l K
LM

 L
30

0.1

0.2

0.3

0.4

0.5

0.6

Ba
ck

gr
ou

nd
 ra

te
 [M

Hz
]

10.6+ 
9.2− 94.0

Figure 3.4: Estimated Belle II background composition for predicted beam pa-
rameters Before LS2. Each column is a stacked histogram of BG rates from
dedicated MC samples scaled with average Data/MC ratios listed in Table 3.3.
The red numbers in rectangles are detector safety factors, showing that Belle II
should be able to operate safely until a luminosity of 2.8 ⇥ 10

35
cm

�2
s
�1, with

some important caveats, discussed in the text.

Figure 3.5 shows background rates in the crucial sub-detectors estimated with
basf2 (prerelease-07-00-00d) for After LS2 conditions at the luminosity of 6.0⇥
10

35
cm

�2
s
�1, for the three different Scenarios described previously. Table 3.3

summarizes the various scaling factors applied to produce BG overlay files for20

After LS2 extrapolations starting from the Before LS2 setup.
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Figure 3.5: Estimated beam background rates in Belle II for After LS2 operation
at luminosity of 6.0⇥10

35
cm

�2
s
�1. The numbers in rectangles are detector safety

factors for Scenario-2.

Table 3.3: Scaling factors used for the BG overlay MC sample production After
LS2 at the luminosity of 6.0⇥ 10

35
cm

�2
s
�1 for three Scenarios (Sc.).

Background Average Single-beam scaling Total scaling
component Data/MC Sc.-1 Sc.-2 Sc.-3 Sc.-1 Sc.-2 Sc.-3
Beam-gas LER 3.46 2 5 10 6.92 17.30 34.60
Beam-gas HER 0.63 2 5 10 1.26 3.15 6.30
Touschek LER 3.44 2 5 10 6.88 17.20 34.40
Touschek HER 0.18 2 5 10 0.36 0.90 1.80
Luminosity 0.81 1 1 1 0.81 0.81 0.81

We note that there are a number of issues related to the scaling factors listed
in Table 3.3 and BG rates shown in Fig. 3.5 that must be taken into account:

• Data/MC ratios
After producing BG overlay MC samples with the scaling factors listed in Ta-
ble 3.3, we found a bug in the basf2 code used for the PXD occupancy calcu-5

lation. This bug affected how particles interact with the detector, and it led
to the overestimation of simulated BG rates used for the Data/MC analysis.
In addition, there was a bug related to the heuristic fit formula used for
the estimation of the measured BG components in the Belle II sub-systems.
Instead of using estimated base pressure in the ring (7–15 nPa [31]), the10

code used a default value (10 nPa). Thus, fixing the mentioned bugs results
in a set of new, slightly different Data/MC ratios shown in Table 3.4, which
should be used for future campaigns of BG overlay files production. In Ta-

35

x2 x5 x10

Safety factor 

Optimistic Nominal Conservative

https://doi.org/10.1016/j.nima.2023.168550
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Future Operating Conditions very difficult to predict

�12

Nanae Taniguchi

CDC leak current v.s beam current

• beam background is suppress in 2024 compared with 2022 
• CDC leak current ; 200-400(400-800)uA/layer at L=1x1035(2.4x1035) 

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

• accumulated charge ~0.39-0.78C/cm/year at L=2.4x1035 for innermost layer 
• assuming 6 months physics run/year 
•  ~6% gain degradation at 1 C/cm (Belle-1 study with test chamber)
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Future Operating Conditions very difficult to predict
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First attempts to draw projection lines with different sets of LSs

15

Major assumptions:
7 months per year, no winter shutdown
𝐿 = 2.4 × 1035 cm−2s−1 by 2029
LS for 1.5 year from 2029, 2032 and/or 2035
Lumi x2 by IR upgrade, x1.3 by RF upgrade
(more details in Katsuro’s slides)

0 LS
LS in 2032, w/o IR upgrade

LS in 2032, w/ IR upgrade
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IR upgrade
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Shutdown scenarios M.Tobiyama (SuperKEKB)

Terra incognita after LS2
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Terra incognita after LS2

~ O(3.5 – 7) C/cm 0 ∆G/G = O(20 – 40)%

~ O(7.5 – 15) C/cm 0 ∆G/G = O(45 – 90)%

… assuming 6% per C/cm (pre-Belle study)

Nanae Taniguchi

CDC leak current v.s beam current

• beam background is suppress in 2024 compared with 2022 
• CDC leak current ; 200-400(400-800)uA/layer at L=1x1035(2.4x1035) 

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

• accumulated charge ~0.39-0.78C/cm/year at L=2.4x1035 for innermost layer 
• assuming 6 months physics run/year 
•  ~6% gain degradation at 1 C/cm (Belle-1 study with test chamber)
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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
However, unless machine conditions magically improve dramatically after LS2, the 
deterioration in CDC performance seems likely to become unacceptably large in a 
period when the bulk of the Belle II data is expected to be collected
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Summary

We should be prepared that tracking, PID and triggering might soon be 
compromised by background related performance degradation in the 
CDC  

Have to develop mitigation strategies now, because changes will 
require studies and a lot of preparation time  

Given the potential impact on the Belle II physics program the person 
power available for this highly important work should be increased

�13
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CDC Operation in 2024

Injection background in CDC generally lower than 
in Run1
- however, towards end of 2024b approach 

200µA again
Variations in ICDC, p0, H2O- and O2-level affect run-
averaged dE/dx values
- but observed trends can’t explain O(8%) drop 

from mid-May to mid-June
Possible causes 
- misleading gas sensor readings (again?)
- overlooking other relevant parameters
- ??
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