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Machine Detector Interface (MDI)

Today, I focus on Sudden Beam Loss

Nakayama-san’s slide
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Sudden Beam Loss (SBL)
Cause the beam to lose most of its particles within a few turns
• Mechanism of SBL is not fully understood yet

The radiation dose and frequency seem to be proportional to beam current

à We have to be cautious about increasing the current

beam aborted

4078 4079 4080 4081 4082 4083 4084 turn4077

Bunch Current [mA]

Beam loss from previous turn [mA] 1 turn ( = 10 us)

Understanding SBL and making countermeasures 
are crucial to achieve high luminosity

Damaged Belle II detector and accelerator equipment 
• Temporary PXD off since May 7 to avoid further damage

beam loss

collimator

Covered by K. Nakamura-san and Bjoern’s talk
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Countermeasures in LS1
H. Ikeda-san’s slide, The 27th KEKB Accelerator Review Committee

Belle II contributed to these important tasks with SuperKEKB

LS1: July, 2022 ‒ Jan, 2024

https://www-kekb.kek.jp/MAC/2024/Report/Ikeda.pdf
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Timing analysis using Loss Monitor

Background 

2

• To gain additional time information about 
beam aborts, especially SBL, some PMT/
EMT are installed during LS1.  

• Using these sensors, we can get the time 
order of the beam loss at different locations. 
All plots are here.  

• Previous talk at May 30th.  
• This talk: summary of SBL in 2024ab using 

loss timing information. 

Installation in LS1 
Installation before LS1

February 9 2023 Keisuke Yoshihara 5

More sensors

• In order to find a location of the initial loss, fast 
sensors and time synchronization system are required.


• 7 loss monitors (CsI+PMT, EMT) have been installed 
so far around collimator locations (i.e. smallest 
aperture in the ring) since summer 2021. 

D10

D07

Already installed
To be installed

TB4

D06

D04

• In LS1, more sensors will be installed to be a full scale system (>12 loss monitors).

‣D07/D08 (injection points), D05V1 (NLC), D06H4, and D09/D12 (HER) 

• White Rabbit (referred to as WR in the following slides) developed by CERN has 
been introduced as time sync system.

Motivation
-EMT delivered 11th Oct. Assembly and signal check is done.
-PMT (R9980U-110) based but aluminum used for Photoelectric surface.
R&D has been done by T2K for muon beam monitor.

EMT EMT + divider circuit

CsI+PMT EMT

high radiation tolerance sensor 

Example plot for SBL
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20240324_080403

• For this abort, first signal is seen on D5V1. 
Then in same turn, signal is seen in D2V1. 
Then IR has huge dose (486 mRad).

SBL on March 24th

First beam loss is D05V1

White Rabbit developed by CERN has been 
introduced as time sync system

Where beam loss starts?
• Install fast loss monitors to record precise beam loss timing of SBLs

• Provide chronological order of beam loss along the rings

LER SBL: in different periods
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• April 2nd, 21:19, D5V1-BTM: -5->-8 mm; 
April 5th, D5V1: 8->9mm. 

• April 18-19, D2V1 orbit shift problem 
• April 20-22, betay* = 3mm 
• April 23, betay*=1mm 
• May 7, D6V2-TOP: 2.75->3.25mm, BTM: 

-2.2 -> -2.7mm 
• May 14, D6V1-TOP:2.75->4.75mm, D5V1-

TOP:4->8mm 
• June 13, LER betay*=0.9mm; June 18, 

HER betay*=0.9mm

• The periods are set by different collimator setting, different betay*, or a beam issue. 
• Knocker study happened at 05.17, 05.30, 06.18, 06.25. 
• The “first loss location” is changing with time. In the last 1.5 months, most are with first loss on 

D6V1. 

w/o knocker study

LER SBL: IR dose v.s. first loss location

7

• For the 9 aborts start D2V1, average IR dose is 849 mRad (including 2 QCS quenches). 
• For aborts start D6V1, average IR dose is 45 mRad, thanks to the collimators btw IR and D6V1. 
• We shall try to “avoid” first loss close to IR.

w/ knocker study

2024ab operation 2024ab operation

𝑒!𝑒"

The initial loss mostly appeared on D05V1 or D06V1
IR dose tends to be high in case the first loss location is D2V1
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Bunch Oscillation Recorder (BOR)
Sensors to find the origin of SBL events

• Loss Monitors 
• Equipped with fast readout and provide chronological order of beam loss along the ring
• Many LMs have been installed since Run 1

• BORs
• Can observe earlier stage of beam orbit deviation, prior to the beam loss 
• Multiple LER BORs are installed from Run2, making timing/phase analysis possible
• This provides new and unique insights into understanding the origin of SBL

Loss Monitors

BORs 
(Bunch Oscillation Recorders)

Beam loss

Shower 
generationWe need to identify the origin 

of SBL within the ring

Beam orbit deviation

Or, beam size blowup, rather than oscillation amplitude growth, is causing beam loss? 
➔ Fast beam size monitor is important to check it out 3

Horizontal 

Vertical

(prior to the beam loss)

SBL on June. 30th

1 turn (~10 us)

BOR BOR
BOR

BOR

Is there any abnormal behavior of beam orbit?
• Installed BORs to observe earlier stage of beam orbit deviation

In most cases, beam orbit deviations were observed,
but the source was not identified.. 

More study is ongoing 
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Acoustic Emission sensors 
Possible candidate of SBL: electric discharge
• Electric discharge may happen on collimators (eg. fire-ball hypothesis)
à Install acoustic emission sensors (AE sensors) around collimators

2024/8/1 3

• 音波は観測できた。どのターンで音波発生したかの同定手法も確立できた
• 放電観測はできなかったが、新しいタイプのロスモニターとして活躍!

• 冷水パイプに設置 à ビームがコリメータに衝突したかを特定可
• 例. D05V1両側に大きい音波 à ビームがtop-/bottom-jawに衝突

D5V1
!! !"

D2V1

D6V2
D6V1

音響センサー

音響センサー
放電観測を目的に、2024年から音響センサーを設置
• D2V1, D5V1, D6V1, D6V2, QCS-Rに計34個設置

ビームが膨らんでいることを示唆？解析中
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• 音波は観測できた。どのターンで音波発生したかの同定手法も確立できた
• 放電観測はできなかったが、新しいタイプのロスモニターとして活躍!

• 冷水パイプに設置 à ビームがコリメータに衝突したかを特定可
• 例. D05V1両側に大きい音波 à ビームがtop-/bottom-jawに衝突

D5V1
!! !"

D2V1

D6V2
D6V1

音響センサー

音響センサー
放電観測を目的に、2024年から音響センサーを設置
• D2V1, D5V1, D6V1, D6V2, QCS-Rに計34個設置

ビームが膨らんでいることを示唆？解析中

AE sensors

Acoustic wave on Feb. 24th

In total, 34 AE sensors are attached.

No clear indication of electric discharge in 2024ab operation
à No discharge around happened around collimators

(fire-ball hypothesis is disfavored)
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2024ab operation: SBL
Suffered from several SBLs: HER ~20 times, LER~140 times
• LERSBL frequently occurred.. Collision and optics (𝛽#∗) do not matter L

• Excluded some hypothesis. Obtained a good knowledge by monitors J
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• Frequency (#SBL/hour) strongly depends on beam current 
• Pressure burst is mostly observed in LER SBL: D04/D10 wiggler section
• vertical beam size blow-up is observed for some SBL events

à The source of LER SBL is dust in D04 or D10 wiggler section?

Pressure burst vs LER SBL

D4D10

Belle II/SuperKEKB analyzed SBL events and found some features

8

※ SBL in 2022: ~50 for LER, ~20 for HER
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Knocker study
Knocked beam pipes on D10 wiggler with clearing electrode

We artificially produced SBL events by knocking beam pipes!

Clearing electrode

H. Ikeda-san’s slide

with beams (600 mA – 1000 mA)

LER beam current [mA]

Vacuum Pressure

600 [mA]
800 [mA]

1000 [mA]

400 [mA]

200 [mA]
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Another observation: knocking effect
Knocked beam pipes at D10 several times
à Checked the frequency of LER SBL before/after knocking
Count #SBL with pressure burst with D10
• Before knocking: 4/1 ‒ 5/29, After knocking: 5/31 ‒ 6/17

Before knocking After knocking

[300, 1000] mA

[1000, ] mA

The frequency at 𝑰𝐋𝐄𝐑 ≥ 𝟏 A is reduced: 𝟎. 𝟏𝟐 ± 𝟎. 𝟎𝟐 → 𝟎. 𝟎𝟐𝟓 ± 𝟎. 𝟎𝟏𝟐 
“Knocking effect” is seen.

𝑰𝐋𝐄𝐑 [mA] [300, 1000] [1000, ]

Before 
knocking

#SBL 24 42

Operation-time [h] 633.77 350.32

#SBL/time [1/h] 0.038 ± 0.008 0.12 ± 0.02

After
knocking

#SBL 4 4

Operation-time [h] 98.5 162.3

#SBL/time [1/h] 0.041 ± 0.020 0.025 ± 0.012

(w/o beams)
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Countermeasures in this summer

Countermeasure against SBL

2

• Turning beam pipes with electron clearing electrode upside down
• 15/50 beam pipes will be turned upside down. (56 m/185 m = 30 %)
• Oho straight section : 13/16 beam pipes (D04 wiggler section) and 2/4 beam pipes (D05 NLC section) will 

be turned upside down.
• D05 NLC section (2/4) : Done
• D04 wiggler section (13/16) : In progress now (until the end of September)

• Nikko straight section : 30 beam pipes at Nikko wiggler section will not be turned upside down.

• Visual check and dust cleaning of beam pipes which will not be turned upside down.
• Knocking as many beam pipes (with electron clearing electron or groove structure) as 

possible.

Nik
ko
str
aig
ht
se
cti
on

Ohostraightsection

D10
wigglersection

D11
wigglersection

D04 
wiggler section

D05 NLCsection

Tsukuba (Belle II)

D11 Wigglersection                       D10 Wiggler section
(Beampipeswithelectronclearingelectrodes)

Radiation shielding
(concrete)

e+beam

Nikko straight section

Wigglersection                      NLC section
(Beampipeswithelectronclearingelectrodes)

e+beam

Radiation shielding
(concrete)

Oho straight section
Beam pipes will be turned upside down.

Radiation shielding
(lead)

upside 
down

M. Tobiyama-san, K. Shibata-san’ slide
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Source of HER SBL

Background 

2

• To gain additional time information about 
beam aborts, especially SBL, some PMT/
EMT are installed during LS1.  

• Using these sensors, we can get the time 
order of the beam loss at different locations. 
All plots are here.  

• Previous talk at May 30th.  
• This talk: summary of SBL in 2024ab using 

loss timing information. 

Installation in LS1 
Installation before LS1

Expectation ~5 us earlier 

HER SBL is not still understood yet (no clearing electrode in HER)
• Need fast beam abort to protect our system against HER SBLs

• Result of loss monitors: initial loss on all HER SBL is D9V1/D9V3

à Install optical fiber around the collimators for beam aborts this summer
• Add Loss Monitors to understand HER SBLs

• AE sensors around collimators/QCS where pressure burst was seen
• PMT(CsI) in D12V4 collimator with high radiation in 2024ab 

• Continue analyzing HER SBLs by combining info of all monitors

QCS – D01

D01

D09
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Summary and Prospect

Next mission is to understand source of HER SBL
• Reinforce abort system and loss monitors in HER

• Install optical fiber, add AE sensors and loss monitors

• Utilize BOR information for better understanding of SBL events
• Discussion of suitable location is ongoing

SBL is one of the most critical issues in our operation
• Mostly understood source of LER SBL by analyzing SBL events

• Major source is a clearing electrode at D04/D10 wiggler section 
à This was identified by effort from both Belle II and SuperKEKB

• 15 beam pipes with clearing electrode will be flipped (~30%) 
• Verify the countermeasures work in autumn run
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Backup 
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Reminder: 2024ab operation

𝛽!∗ = 8	𝑚𝑚
(2/20 – 2/28)

𝛽!∗ = 3	𝑚𝑚
(2/29 – 3/5)

𝛽!∗ = 1	𝑚𝑚
(3/6 – 4/19)

𝛽!∗ = 1, 3𝑚𝑚
(4/19 – 4/22)

𝛽!∗ = 1	𝑚𝑚
(4/22 – 6/13)

𝛽!∗ = 0.9,1	𝑚𝑚
(6/13 – 6/18)

𝛽!∗ = 0.9	𝑚𝑚
(6/18 – 7/1)

Off-resonance(4/30 – 5/15)

PXD ON PXD OFF Total

On-resonance 36.6 fb-1 49.3 fb-1 86.0 fb-1

Off-resonance 8.4 fb-1 8.7 fb-1 17 fb-1

In total, we recorded data of 103 fb-1 base

target

Pe
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[fb-1]

PXD OFF on May 7th
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QCS quench

Two DCUs 
broken

One DCU broken

One DCU broken

One DCU broken
PXD damaged

Two DCU broken
PXD damaged

IR loss [mRad] [0, 300] mRad [300, 1000] mRad [1000, ] mRad Total
2/1 ‒ 7/1 (2024) 1399 18 11 1429
2/21 ‒ 6/22 (2022) 615 18 13 646

※ number in Run1 multiplied by 2.2 for the comparison

• 953/1399: injection related aborts (VXD)..
• Several SBLs…………

#aborts w/ VXD

IR loss at beam abort

in abort summary
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Frequency of LER SBL
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March
April
May
June, July
Sum

𝑰𝐋𝐄𝐑 [mA] [300, 700] [700, 1000] [1000, 1200] [1200, ]

March

9 10 0 0

348 121 0 0

0.026 ± 0.009 0.082 ± 0.026 − −

April

5 21 19 2

153 236 110 1.3

0.032 ± 0.014 0.089 ± 0.02 0.17 ± 0.04 1.6 ± 1.1

May

1 8 14 20

85 165 128 129

0.012 ± 0.011 0.048 ± 0.02 0.11 ± 0.03 0.16 ± 0.03

June

1 4 2 14

92 130 60 149

0.011 ± 0.01 0.031 ± 0.02 0.033 ± 0.02 0.09 ± 0.03

#LER SBL
Operation time 

[hour]
#SBL/hour

March.1st -  July. 1st

Exclude SBL on May17, 30 and June 18, 25 (knocker study)

• Frequency (#SBL/hour) depends on 𝐼!"#
• The frequency (#SBL/hour) in June decreased

• Knocking effect performed on May 29th seems effective
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IR dose vs LER SBL
> 500 mRad: 9/42> 500 mRad: 5/112

D04

LER SBL: IR dose v.s. first loss location

7

• For the 9 aborts start D2V1, average IR dose is 849 mRad (including 2 QCS quenches). 
• For aborts start D6V1, average IR dose is 45 mRad, thanks to the collimators btw IR and D6V1. 
• We shall try to “avoid” first loss close to IR.

w/ knocker study

18

• For first loss at D2V1, all are w/ 
pressure bust at D4

• But not all D4’s pressure burst will 
cause first loss at D2

Xiaodong Shi (Univ. Tokyo)

D10

If we can reduce SBLs with pressure burst at D4, 
the risk of damage on the Belle II would be small?
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Loss Monitors
Timing analysis using Loss Monitors
• Added monitors around the collimators, D03H1 and D12V4

AE sensors
• Added AE sensors in HER (D1V1, QCS-R) where pressure burst was seen

BOR
• Will add two BORs on November

• Discussion of a suitable location is ongoing

Loss Monitor for beam aborts
• Installed optical fiber around the collimators, D9V1, D9V3 (HER)
• Install CLAWS around the collimator, D6V1 (LER) on October 1st

high radiation dose in 2024ab


