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高速パルスキッカー補足

場所

FY_A2_2 Aセクター 2024夏に導入

FY_A4_4 Aセクター 2024夏に導入

FY_R0_02 J-Arc入口 プロトタイプ。電源の立ち上がりが遅い。
キック量を大きくする場合は 1st バンチも蹴る必要あり。
2ndのみキックの場合はキック量が小さい。
電源交換で他と同様に動作可能。

FY_58_4 5セクター最下流 タイミングジッター

FY_61_E SY3 放射線損傷で電源故障。電源修理済で新規設置場所検討中。

電源はタイミングのジッターがあり、ノイズが原因と考えられる。
調査、対応を検討中。

秋の運転で２バンチ目キックの揺らぎの大きさを測定し、運転での利用を試みる。
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D. Wang

パルス電磁石用制御システムの改善
• 2017年夏期保守期間中，3-5セクタ全電磁石パルス化のさい，

WindowsPC/LabVIEW/NI PXI基盤の制御システム17台を導入した．(榎本Y氏)

• 停止の頻度が高く（2023cでは28回停止），停止時のシステム再立ち上げに時間が
かかる（約7分）．このため，LinuxPC/EPICS IOC基盤の新制御ソフトウェアを構
築し，LS1期間中に8台を新システムに入れ替えた．今夏期保守期間中に残りの箇所
も新システムに入れ替える．

• 2024a, bでの停止は8回にとどまった．（停止した箇所はすべて旧システム）

• 新システムは，現在まで停止したことはない．

26



自動ビーム調整の導入

27

• 入射器において，ベイズ最適化(またはdownhill simplex )による自動調整試験を2022年10月から開始した．
(T. Natsui, G. Mitsuka, S. Kato)

• 陽電子生成量，ビーム通過効率向上(2セクタ終端まで)を目的として，現在では同時に16パラメタ(パルスステアリ
ング，RF位相）を調整する手法を確立した．（運転員が調整可能）

• 2バンチ調整，ディスパージョン補正に応用 (T. Natsui)
• 入射調整に応用 (G. Mitsuka, S. Kato)

Before tuning ビーム軌道 (調整後)

x (mm)

y (mm)

I (nC)

ビーム軌道 (調整前)

自動調整OPI

e- beam e+ beam

陽電子バンチ電荷量
T. Natsui



Ring acceptanceと入射粒子の広がりと対策

HER y*=1mm CW 40% 2Jx [m] 2Jy [m] p/p0 [%]

HER simulation(Y. Ohnishi) 2.77 973 1.07

HER measurement 1.13 712←9iy=Equivalent to 79m 0.69

Injection measurement 1.11→0.93 9y=3263, 1080 0.35 (simulation)

Countermeasure Smaller injection oscillation (Ex. 
x=100→160m）

Expect some improvement with 
BTe Arc1 vertical bump 12mm

ECS further reduces the tail 
after the next summer.

LER  y*=1mm CW 80% 2Jx [m] 2Jy [m] p/p0 [%]

LER simulation(Y. Ohnishi) 3.37 ? 1.11

LER measurement 0.90 To be measured in 2024c 0.61

Injection measurement 1.41→1.17 9y=196.7 0.32 (simulation)

Countermeasure Smaller injection oscillation (Ex. 
x=100→160m）

LER V. kicker makes LER 
acceptance measurement clear.

28
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Injections in 2024ab

29

Off resonance

y*=
0.9mm

y*=
0.9mmy*>1mm

“Raw injection 
efficiency” means 
an efficiency 100 
turns after the 
injection

y*=1mm



Measured emittance

30

Jarc R56=0
e+の水平エミッタンスが
2022より悪化している。
次回、RTLのQuadを2022
年に戻してみたい。

x~y~30~70mx~150m
y~10~20m

A0



BT
• Emittance blowup

• Both horizontal and vertical are 
increasing within BT.

① Horizontal
• Incoherent synchrotron radiation 

(ISR) can explain ~40m
• The remaining 60m in CSR 

cannot be explained at present.
（A2）

② Vertical
• In the July study, a 12mm vertical 

bump was made in BT Arc1, and 
the measurement upstream of 
Arc2 showed that the dispersion 
(almost 0) and vertical emittance 
were reduced to a certain extent 
(2/3).（A2）

• The simulation will be done by Y. 
Shimosaki.

BT
Arc2-3
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B
T

1

B
T

2

BT
Arc1

LINAC BT

2 nC

40m
140m

e-

40m
120m
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BT
• Emittance blowup

① Horizontal
• Mainly occurs in the second arc of RTL
• In 2022, it was 120m. We will try going back to 

that parameter.
② Vertical

• Mainly occurs in BT1~BT2.
• The 2023-24 BT e+ Study reproduced this in a 

tracking simulation that included the multipole 
components of the bend in BT Arc3.

• How large is it compared to the current LER 
dynamic aperture (DA) ?

e+

32

Annual Meeting of the Particle Accelerator Society of Japan, 2024.8, THP025, N. Iida

The magnetic field calculations and orbits of 
the bends of Arc2 and 3 are reflected in the 
tracking simulation in detail(K. Oide).
→ The increase in emittance was reproduced!



• Both of 1st and 2nd e+ bunches 
increased from 3nC to 4nC at the end of 
BT!!!

• Vertical bump in the BTe Arc3(A2)
• The vertical emittance is expected to be 

smaller (~2/3).

• Change x at the entrance point from 
100m to 160m (A3)

• Make lower injection oscillation

• Planned to be tested at 2024c

• Synchrotron injection
• Details are shown in (A8~A10).

• HER: Planned to be tested at 2024c.

33

X

Betatron injection
By increasing x at the incident point, the injection oscillation (2JXc) 
can be reduced even if (X) at the injection point is the same.

Synchrotron injection
If the incident beam is set to hx at the entrance of the ring, then for 

the incident beam of =X/x, X=x, and √(2JXcx)can be made 
completely zero.
→The horizontal injection oscillation disappears and it becomes the 
longitudinal oscillation.
Synchro-beta injection
By setting X/x, the ratio of horizontal and longitudinal oscillation 
can be changed.

Vertical

Horizontal

Horizontal

Improvement plan in 2024c
Charge



HER Inj. Efficiency Improvement Measures #2

2024/24/September BPAC 34

• Two more fast-kickers for orbit collection of electron 2nd bunch at Linac
• Vertical orbit change at Linac causes HER injection efficiency reduction.

• Vertical orbit correction at A-sector can improve injection efficiency.

• Two more fast-kickers were installed for 2nd bunch orbit correction at Linac A-sector (most upstream of Linac).
• It has been demonstrated that the fast-kickers correct the vertical orbit of only the 2nd bunch.

New SR 
monitor was 
installed.

M. Shirai

SR extraction 
window

• New SR monitor for beam diagnostics at ARC01 of BTe
• New SR monitor was installed at ARC01 of BTe.
• There is an existing SR monitor at ARC03.
• Two SR monitors make it possible to diagnostic electron 

beam at BT more precisely while keeping beam injection.

ARC01

: New

: Existing

Fast kicker

A-sector

H. 
Ego

BT
e

BTe
BTp

New SR monitor at 
ARC01

BT
p

Lina
cLina

c

DR

BTe
BTpSY3

MR

MRARC03

New fast kickers for 2nd bunch at Linac A-
sector

H. 
Ego



Luminosity

2024/24/September BPAC 35

• Peak luminosity Lp = 4.471034 cm-2s-1

• Specific luminosity Lsp = 5.91031 cm-2s-1/mA2

• y
* = 0.9 mm

• Beam current : HER/LER = 1180/1450 
• Number of bunches : 2249
• Bunch current product (Ib+Ib-) : 0.338 mA2

• Crab waist ratio : HER/LER = 60/80 %

• Findings from Beam-Beam Study & High Bunch Current Study
• Crab waist is effective to increase luminosity and Ib+Ib-

• Single beam vertical blowup was observed over 0.5 mA/bunch in both rings.

• LER vertical blowup due to Beam-Beam effect was observed

• Lowering horizontal tune improves LER injection efficiency and helps to 
increase beam current.

• Lp reached 1.381034 cm-2s-1 with 393 bunches

• Outlook for 2024c run
• Increase total current (number of bunches) :

Lp =  1.381034 cm-2s-1  2346/393 = 8.271034 cm-2s-1

• Further y
* squeezing (0.8 mm) and increasing total beam current

Target : Lp =  11035 cm-2s-1

Y. Ohnishi

Y. Ohnishi

Luminosity with
393 bunches
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Non-Linear Collimation (NLC) System

2024/24/September BPAC 36

collimator

First sextupole magnet kicks  
unwanted beam particles.

Second sextupole magnet brings good 
beam particles back to their original angle.

Collimator scrapes unwanted beam 
particles with large aperture.
(low impedance)

Non-linear collimation scheme (conceptual diagram)

• Non-linear collimation (NLC) system was installed in 
LER Oho straight section.

• Impedance of NLC is much lower than that of conventional 
collimator due to its large aperture.

• NLC can relax TMCI bunch current limit.

• Oho straight section is the location where the optics satisfies the 
requirements for NLC.

• A part of wiggler magnets was removed to make space for NLC.

• New skew sextupole magnets and beam pipes in them were 
fabricated.

• New power supplies, cabling works and new radiation shields 
were also required.

D05

D04 O
h

o
straigh

t se
ctio

n

Tsukuba (Belle II)

Positron 
beam

Oho lab.

collimator

Small aperture can make 
beam instable.

Conventional collimation scheme

Quad. Skew 
Sext.

Quad.Skew 
Sext.

py = (Ks/2)(y2-x2)
px = Ksxy



First Trial of Non-Linear Collimator

2024/24/September BPAC 37

• Comparison between D05V1(NLC) and D06V1(Conventional type) with the same effective collimation gap
• Storage beam B.G. : D05V1 suppressed more beam B.G. than D06V1

• Beam lifetime : Very similar between D05V1 and D06V1

• Beam blowup : No vertical blowup was observed with D05V1  (Suppression of 
beam instability (TMCI))

• Other findings :

• Injection beam B.G. may also be reduced by NLC with tuning of x at the skew 
sextupole magnets.

• It will be tested during 2024c run.

• Radiation level in the Oho Experimental Hall increases as closing the D05V1 gap.
• Though it was still lower than the regulatory limit, measures are required for future current increases. 

• During the summer shutdown, additional radiation shielding will be installed. 
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SEM/EDS analysis of dust particles 1

2024/24/September BPAC 38

• Dust particles collected from beam pipes removed form D05 wiggler section for NLC construction
• Small particles collected with tape 

• Main components : Fe, Al, O, C

• Others : Si, Ni, Cu, Cr, etc.  



SEM/EDS analysis of dust particles 2

2024/24/September BPAC 39

• Dust particles collected from beam pipes reinstalled in D05 NLC section
• Large particles

• Main components : O, Al, Si, Ca

• Others : C, K, S, Mg, Ti, Cr, Fe, etc.  



SEM/EDS analysis of dust particles 3

2024/24/September BPAC 40

• Dust particles collected from beam pipes installed in D10 wiggler section
• Middle size particles

• Main components : O, Al, Si, Ca

• Others : Mg, Ti, Fe, etc.  



SEM/EDS analysis of dust particles 4

2024/24/September BPAC 41

• Reference : Dust particles collected from electrode sample by ultrasonic cleaning
• Main components : C, O, F, Al W, Cu
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