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Present plan
2020 2021

FY2020 4 5 6 7 8 9 10 11 12 1 2 3

~3M ~2M ~1.5M

Total
~6.5M/y

2021 2022
FY2021 4 5 6 7 8 9 10 11 12 1 2 3

~3.1M ~2.6M

Total
~5.7M/y

Present plan (20th Oct.)

Plan (not fixed)
[MEXT Road Map]

2020b

2021b 2021c

2020c 2021a

PXD exchange
4/1 7/5 10/7 12/23

Operation plan for 2021 runs
• 2021 Run schedule

• 2021a run will start on 16th Feb.
• The first week will be only LER and will be dedicated to vacuum scrubbing and studies.
• HER will start from 24th Feb.
• The total operation period will be ~6.4 months this year, thanks to the support from our director.

• The process for the FY2021 budget request is ongoing.
• We will aim for 5.7 months’ operation in FY2021 (taking account of the long shutdown for the PXD 

replacement from Jan., 2022).

• Major premise for 2021 runs
• 2021 runs should be dedicated for the luminosity production.
• Produce new physical results from enough data, over 424.18 fb-1 (final integrated luminosity 

of BaBar, NIM A726 (2013) 203) at least by the end of December, before the long shutdown.
Realize stable operation at a high luminosity.
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Target luminosity and operation period
•2021 runs will be dedicated for luminosity production. 

• Towards integrated luminosity higher than BaBar’s 433 fb-1  
(integrated luminosity at the end of 2020c is 90 fb-1.) 

•Expected operation period through 2021 runs is ~6.4 months.
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•2021a run will start on 16 Feb. 
• The first week will be dedicated to vacuum scrubbing at only LER. 
• HER operation is supposed to start on 24 Feb, upon how we get the SCC 

safety certificate on time.

[Y. Suetsugu, M. Tobiyama]



Strategy for 2021 run
First target is to achieve the peak luminosity ~2.4 x 1034 cm-2s-1. 

• It was realized in 2020b run: 

- βy* = 1 mm, βx* = 80 mm(LER)/60 mm(HER) 
- Crab waist 80%(LER)/40%(HER) 
- 978 bunches in total of 700 mA 

• Start off 2021a with such a well-understood optics, i.e. same as 2020b 
• Important to establish stable beam-injection 

Increase beam currents gradually at βy* = 1 mm with 1565 bunches 
• Relaxing the TOP BG threshold from 1.2 MHz to 5 MHz allows higher beam 

currents, i.e. putting a priority on getting luminosity > reducing BGs. 
• Accordingly, the LER maximum beam current 

can be extended to 1.6-1.8 A. 
Other options 

• Squeeze βy* further than 0.8 mm 
upon positive indication
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[K. Kojima]



Challenges
High beam currents 

• Transverse-mode-coupling-instability (a.k.a. TMCI), occurred in 2020c, 
resulted in the rather tight Ibunch threshold ~0.7 mA/bunch.

1) LER beam-beam blowup got tamed by 
decreasing the HER current. 

2) Beam size suddenly blowed up due to 
dipole motion at ~0.73 mA/bunch. 

3) BxB FB gain +12 dBm 
4) The dipole motion was suppressed by 

increasing BxB FB gain (0.81 mA/bunch). 
Nevertheless visible beam size 
(dominantly dipole motion) was still large. 

5) σy* for single LER back to normal (<0.2 μm)
1) 2) 3)

4)
5)
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[Y. Ohnishi, M. Tobiyama, T. Ishibashi, 
S. Terui, H. Koiso and many…]

σy* (LER)

Beam size σy* blowup due to dipole motion (8 Dec. 2020)

• Most likely TMCI was caused by high-frequency wake fields owing to 
the carbon-head D06V1 and additional D03V1 collimators.

Nominal single σy*



Observation of TMCI with σy* and νy
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Note: 
kick factor of the carbon-head 
D06V1 collimator is about 
twice that of D03V1 
(GdfidL by Ishibashi).

Sideband

[Y. Ohnishi]
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1. LER σy* increases as the LER beam current.  
2. Changing νy reduces σy*. 
3. BxB FB gain adjusted. 
4. D03V1 collimator opens (18:09-18:14,  ±1 mm → ± 2 mm). 
5. D03V1 collimator closes (18:16, ±2 mm → ±1 mm). 
6. D06V1 collimator opens (18:22, ±1.95 mm → ±2.25 mm).

σy* (LER)

Beam size σy* blowup for each collimator setting (17 Dec. 2020)

where σs is the bunch length, h = gg∗ is the bunch power spectrum, βT the betatron
function at the location of the coupling impedance ZT , I the bunch current, E the
energy and f0 the revolution frequency.

Very often the ‘kick factor’

kT (σs) =
1

2π

∫ +∞

−∞
dωZT (ω)h(ω,σs) (20)

is used instead of the impedance. This gives the formula for the threshold current:

Ith =
2πQsE/ef0∑
βT kT (σs)

. (21)

Remark: the threshold found with the two-particle model was:

Υ = 2 =
πNe2W1

4mγωβωs
.

Using ωβ = c/βT , I = Nef0, it can be put into the form:

Ith =
16QsE/ef0

βT (2πRW1)
. (22)

For a Q = 1 resonator model, it can be checked that (2πRW1), the wake field around
the machine, corresponds to 2.6 kT for ωrσs = 1. Therefore, the two formulae are
about the same.

Using Eq. (21) the actions which can be taken to increase the threshold are
obvious. In LEP they were all useful and concurred to raise the stored bunch
current close to the beam–beam limit. They are:

– increase injection energy from 20 GeV to 22 GeV,

– increase Qs up to 0.13 by increasing the RF voltage,

– decrease βT at the location of RF cavities,

– decrease ZT by replacing copper cavities by superconducting cavities,

– increase σs by using wigglers.

Another way to counteract TMCI is to use feedback damping, as for any other
instability. However, TMCI is a strong instability. As we have seen, just above
threshold the growth rate reaches values of the order of 1/Ts, which for LEP means
an e-folding time of seven turns. Therefore a very powerful feedback system is
required, with all the problems that such a system entails.

Moreover the cross term, which couples two modes, is dominated by the resistive
component of the coupling impedance, which peaks at high frequency (see Fig. 9).
To be fully effective a feedback should act in the same frequency range; this is very
difficult to implement.

[J. Gareyte, CERN-SL-2000-075]



The D06V1 collimator replacement(s)

• In 2020c we observed no unexpected pressure increase nor heating. 
• But, as a counter effect, the carbon-head collimator having large 

impedance caused the beam instability and resulted in the 0.7 mA/
bunch threshold. 

• Replaced the carbon head again in Jan 2021 with the tantalum head  
(re-used), allowing higher beam current in 2021a

2020a 2020b 2020c 2021a

tantalum (→damage) carbon→TMCI tantalum (re-used)
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beam

5 mm

beam

top side jaw

bottom side jaw

60 mm

[T. Ishibashi, S. Terui]



D06V1 collimator alignment in Jan 2021

• Align the center of flanges on each side of the D06V1 collimator to lie 
along a line connecting two Q-magnets

D6V1 collimator

QT3FOP.1

QTAFOP.1

X axis 
(beam going)

Y axis (ring outward)

Z axis
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Location Δy [mm]
Average [mm] 

(IN+OUT)/2 Δz [mm]
Average [mm] 

(IN+OUT)/2

 D6V1_U_OUT 0.05
0.054

-0.077
0.012

 D6V1_U_IN 0.057 0.1

 D6V1_D_OUT 0.044
0.048

0.095
0.021

 D6V1_D_IN 0.051 -0.053

Alignment results and residuals from target values (14 Jan. 2021)

D6V1_U_OUT : Collimator flange’s outer position directed to QT3FOP.1 
D6V1_U_IN : Collimator flange’s inner position directed to QT3FOP.1 

D6V1_D_OUT : Collimator flange’s outer position directed to QTAFOP.1 
D6V1_D_IN : Collimator flange’s inner position directed to QTAFOP.1

Z

Z
X

Y（リング外向き）

This is D02V1, NOT D06V1!
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• Note that these results do not assure the 
alignment of the collimator head w.r.t. Q-mag. 

• Both horizontal and vertical residuals are well 
below 100 um.

[R. Ueki, M. Masuzawa, T. Kawamoto]

D06V1 collimator alignment in Jan 2021



Other collimator work in shutdown
In situ baking of D02V1 and D06V1 collimators (LER) 
• Reduction in the base pressure may suppress beam-gas scattering BGs. 

Replacement of damaged D09V3 collimator jaws (HER) 
• KEKB type titanium jaw (Ti + Cu-coat, 40 mm long), possibly reduces BGs 

Replacement of D12V1 collimator drive mechanism (HER) 
• Allows precise positioning

D09V3 head after removal (19 Jan. 2021)
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[K. Shibata]



Challenges
High beam currents (cont’d) 

• Beam collimators will be stayed open in 2021 to enlarge the physical 
aperture and reduce impedance. 

• Such a collimator setting will increase BGs and injection-induced 
beam aborts (Belle aborts and CDC trips), furthermore bring a risk of 
collimators’ damage and QCS quench. 

Beam injection (see also linac reports) 
• Establish stable and two-bunch injection at 25 Hz repetition rate 
• Based on the experience so far, the maximum beam current with 1565 

bunches will be ~1.2 A (~0.7 mA/bunch) for 2021a+b.
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[Y. Funakoshi]



Upgrade of Bucket Selection
The upgraded bucket selection system offers a 
degree of freedom in a choice of injection buckets 
owing to the RF-phase pulse-by-pulse modulation 
in the LINAC 3-5 sectors; 

• Enables two-pulses operation at DR 
• Enables injections with unequal intervals 
• Injection rate can be changed without 

closing Beam Gate. 
• Trigger system becomes stable.

The fruitful tests are carried out 
in 2020ab and 2020c runs. 
→ Feasibility is confirmed.

Test run taken on Dec 16, 2020
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Phase is changed manually.

There is no significant influence 
in BG@IP.

• 2021ab starts with the existing (no modulation) Bucket Selection system. 
• Will be switched to the new system once the MR operation goes stable.

[H. Kaji, H. Sugimura]
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ぶことでそれぞれのバンチ電流の均衡がとれるように入射する方法である。また、これらの両方を織り交ぜて入射を行う「Combined」モードや、各入射バケットに一度だけ入射を行う「OneCycle」モードなども用意しており、様々なビームスタディや営業運転を円滑に行えるようにしている。また、入射パルスの中に一度に 2 つのバンチを加速し、入射するという「2 バンチ運転」も SuperKEKB 加速器では可能であり、この場合、同期タイミングが 96 ns後に訪れることからバンチ間隔も 96 nsで生成できるような仕組みとなっている。これらの方法によって選択された入射バケットや入射タイミングなどの情報は、その計算を行っている IOCから共有メモリ（reflective memory）を介して入射器のタイミングステーションでイベントジェネレータ（EVG）により配信される [1]。
2.2 LER入射用バケットセレクション（位相変調なし）

LER、HERともに 493 µs待つことで全ての入射タイミングが見つかるが、DR の入射バケットも考慮に入れる場合、5120と 230の最小公倍数である 117760とおりのタイミング列が必要になるため、必ず入射できるタイミングが見つかるまでに最大で 117760×96.3 = 11.3 ms待たなければならない。しかしながら、クライストロン電源の仕様で 50 Hz運転でパルス間隔が 18 ∼ 22 msが動作保証範囲となっているため、実際には LERの入射バケットからタイミングを探し、その中で商用 AC 50 Hzを基準として±1 ms以内に入るようなDRの入射バケットを見つけるという手法をとる。この手法を用いれば、LERバケットに入射できる DRバケットは LERバケット毎に 23バケットあるため、どの DRバケットにも入射可能であれば、493 µsの待ち時間で 23個のうち 1つの DRバケットを使った運転タイミングを見つけることができる。1。この手法を利用するためには DRに入射する前に DRからの出射タイミングをあらかじめ計算する必要がある。この計算のためには
DR 内でのビームの蓄積時間を知っておく必要があり、これを変数 “Tstore”で定義し、インプットパラメータとしてタイミングを計算する。基本的な方針としては同一パルス内で DR から蓄積ビームの出射と DRへの入射が同時に行われることが効率のよい運転となるが、ビーム入射頻度が低いときには
Tstore もそれに応じて長くなり、あらかじめ計算した出射タイミングと商用 50 Hzにずれが生じてくる。というのも商用 50 Hzは「正確な」50 Hzではなく、周波数偏差が 0.2 Hz程度であるため、最大蓄積時間 “Tmax”を定義して、一定時間経過したビームは出射するようにしている。Tmax は商用 50 Hzのゆらぎの測定結果に基づいて 200 msと設定した [2]。このため、ビーム入射頻度が
5 Hzより低い場合、DRへの次の入射が行われる前に蓄積ビームは 200 ms 後に出射するようなシステムとなっている。これによって「DRに入射のみ」、「DRからの出射のみ」、「出射と入射を同時に行う」という 3通りのパルス制御が必要となり、新たにパルス毎に 3種類を判別するためのビームゲート機能を設けた [3, 4]。

1 実際には商用 AC 50Hzに対して ±246.5 µsとなる

2.3 LER入射用バケットセレクション（位相変調あり）
2.2節のように、ビーム入射頻度に応じて Tstore は変化するものの、上限値 Tmax が設けられている。一方で下限値として 40 ms も設けられており、これは光学計算によって出射ビームのエミッタンスが十分に小さくなるための最低時間として得られている。そのため、ビーム入射頻度が 25 Hzより高くなる場合、DR内で蓄積されるビームは 2パルスとなり、タイミングの計算には蓄積されている RFバケットを避けて入射するという制限を加える必要がある。避ける範囲は入出射キッカー電磁石の出力電流波形で決まっており、波形の立ち上がりと立ち下がり時間にそれぞれ 100 ns を要し、さらにキッカー電流は常に 2 バンチ運転用の波形となっているため、96 nsの波形の重なりがある。そのため、蓄積パルスを蹴り出さないように次のパルスの入射をするためには

151バケット（100 + 96 + 100/1.96）は入射できない領域となり、これを避けて入射する必要がある（Fig. 1）。
96ns

96ns

>100ns
>100ns

Figure 1: The storage configuration of 2-bunch, 2-pulse at
Damping Ring.

つまり、バケット番号（n, n+ 49）に蓄積されている場合（1バンチ目のバケット番号, 2バンチ目のバケット番号）、入射できるバケットは（n+ 100, n+ 149）から（n + 130, n + 179）までの 31 バケット分に制限がかかる。LERの入射バケットを一つ決定したときに DRの入射バケットの選択自由度は 23 あり、その中で遅延時間
2 msの中に含まれるタイミングは 4通りである。4通りのタイミングが 31 バケットの領域に必ず含まれるとは限らないため、2.2節の方法では入射できないパルスが生じてしまい、ビーム入射頻度を 25 Hzより増やしても結果的に非効率な状況が生じる。そこで 2パルス運転では
DR 出射後のビームが通る入射器後半の RF 位相をパルス毎に変えることでリングと入射器の RF位相を同期させるシステムを開発した [5, 6]。入射器後半の位相を変えるための Sバンド移相器を新たに設け、バケットセレクションのタイミング計算によって得られた位相設定値をイベントタイミングシステムのデータバッファー機能を利用して移相器内に搭載した光トランシーバー (GTX)で受信することでパルス毎に位相変調を行うという高速応答が可能になった。

Storage configuration at DR

1st pulse

2nd pulse



Beam abort diagnostics
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Beam loss & injection-related beam aborts (Apr. - Dec. 2021)

Owing to low current?

• Many injection-related aborts (H/Linj) especially on Nov at HER, investigation 
on-going by the injector group. 

• Non-injection aborts (H/Lloss) need another preparation, since it has caused 
QCS quenches and collimator damages. Understanding beam-dust 
scatterings is ongoing (simulation, LM timing measurements, etc.) 

• Injection-veto module will be applied to LM signals near collimators not to 
stop collimator and/or injection tunings.

[H. Ikeda]



RF system
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超伝導空洞作業報告 

• 1/19 空洞交換作業終了 
• 2/1-2/2 シールド復旧作業 

– クレーンを占有します 
• 2/4 トリスタン空洞搬出作業 

– 場所：日光ビームライン側B4 
– 9：00作業開始 
– 搬出業者：双葉工業 
– 搬出に当たって電磁石架台を少し移動します 
– 搬出後架台を元の位置に戻します 
– 当日はクレーンや日光搬入口を占有します 

D11D空洞 圧力上昇
�運転前の空洞冷却中に、D11D空洞（HER 超伝

導空洞8台のうちの1台）の真空圧力が上昇

�対策として、空洞上下流のビームダクト区間に

真空ポンプを追加し、圧力上昇を抑制

�D11D空洞は、detuningして運転には参加しない

�真空Gr.はじめ皆さんのご協力で、予定から1日
遅れでHER運転開始

�他の空洞は通常よりも高い真空圧力状態、か

つ高いVcでのビーム運転となったが、トリップ

レートが上がるなどの影響はなかった

�現在、予備空洞への交換作業中
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1

D11D

MR RF System

OHO
FUJI

Tsukuba

2020C まとめミーティング RF SYSTEM 32021/1/15
D5

D4

D8

D7

D11C D11DBeam Duct

Gate Valve (GV)

TMP TMP

追加真空ポンプ

e‐

TMP

Angle Valve
(AV)

上流側ダクト

下流GV上流GV

下流側ダクト

通常の真空ポンプ
空洞：イオンポンプ 2台
ダクト：イオンポンプ 1台、
NEGポンプ 5台

D11D空洞真空
2～3e‐7Pa → ～5e‐8Pa

ダクト部分に
TMP+DPを追加

ビーム運転中は、隣の空洞からも
排気されるため、最大ビーム電流
時でも～4e‐8Pa

追加ポンプでの排気により

2020C まとめミーティング RF SYSTEM 42021/1/15

Jan. 2021Oct. 2020

[M. Nishiwaki, Y. Morita]

• Completed the replacement of the D11D SCC with a spare cavity in Jan 2021 
• D11D SCC showed the cavity pressure increase on Oct. 2020 and has been 

detuned through 2020c. 
• No significant effects of the D11D detuning on beam operation 

• Once the safety certificate is issued (expected on 22 Feb), HER operation will 
start on 24 Feb. 

• Other systems are overall stable (some upgrades are ongoing/planned.)



Some topics in the meeting so far
• Narrow dynamic aperture at high-bunch current region due to strong beam-beam 

effect

• A promising method to mitigate the effect was said to be 
the modification of QCS to avoid interference between the 
quadrupole magnetic field and the Belle II solenoid field 
for the LER.

• Two ideas to relocate QC1P to places further from IP 
were examined at first.

• However, it was finally found that little improvement was 
expected even without beam-beam effect. 

• On the other hand, it was also found in the simulation 
that the effect will be cured using the rotatable-
sextupole magnets installed in the local correction 
region at Tsukuba.

• We will try it this during 2021 run.

N. Ohuchi

M. Masuzawa

Magnetic fields around IR

QCSR configuration

Rotatable Sextupole magnet
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Optics tuning
• Stable injection and ring operation at high beam currents 
• Chromatic X-Y couplings, octupole, etc. 
• Rotatable sextuple controllable remotely can 

be used for lumi. tuning (under development). 
• Investigation of orbit and beam size fluctuations (1/f ~ 57 s, 200 s…)
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Beam size oscillation disappears for single beam.

2020.12.17 6:00 - 8:00 (collision)

Oscillation appears with collision depending on ILER.

~57 s

[Y. Ohnishi]



Summary

• One of the big issues found in 2020c was a limit of the bunch current due to 
high impedance of the carbon-head collimator at D06V1. 

• Tantalum-head collimator will be re-used at D06V1 since 2021a. 

• Continuous efforts to establish stable injection, and two-bunch at 25 Hz 

• Upgraded bucket selection offers a greater degree of flexibly in injection. 

• Beam size and orbit oscillations with 1/f ~57 sec. still remain as homework. 

• Would systematic and comprehensive measurements offer hints? 

• All hardware and software are maintained by experts and ready for 2021a.
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Backup



Why we used C-head collimator at D06V1?
• Unstable beams sometimes directly collided with collimators utilized for BG 

suppression, e.g. D02V1. Such collisions heavily damaged the collimators. 
• D06V1 collimator is expected to guard the collimators for BG suppression 

from abnormal beams. 
• High-z materials is good for a beam-tail shield though, the beam loss is 

localized followed by high temperature exceeding the melting point. 
• During the 2020 summer shutdown, the tantalum-head of the D06V1 

collimator used in 2020a+b were replaced with a newly-developed  
carbon head (low-z).

beam

5 mm

beam

top side jaw

bottom side jaw

60 mm
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[T. Ishibashi, S. Terui]



History of Phase 3
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91 days 57 days
127 days

2.4 x 1034 cm-2s-1
1.88 x 1034 cm-2s-1

1.23 x 1034 cm-2s-1
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(neighbor of linac)
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shutdown

Winter
shutdown
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60 days

Summer
shutdown

low-z
collimator

Crab Wast

1.48 x 1034 cm-2s-1

2019 20202019ab 2019c 2020ab 2020c
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Optics Variations
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Optics ID
LER

βx* / βy*
CW 

HER
βx* / βy*

CW 
Remarks

A0 80 / 1
80 %

60 / 1
40 %

Reference
Same as 
2020ab

B 80 / 1
80 %

80 / 2
0 %

BTe abnormal 
orbit (different 

backleg 
parameter) 

C 80 / 2
0 %

80 / 1
0 %

LER steering
HER βx* = 80 > 

60 mm

A1 80 / 1
80 %

80 / 1
0 %

LER steering
LER QCS 
correctors

HER is same as 
A2 80 / 1

80 %
60 / 1
40 %

LER steering
LER QCS 
correctors

HER is same as 
A3 80 / 1

80 %
60 / 1
40 %

LER collimator 
phase

Based on A0
HER is same as 

B A0 C A1 A2 A3A0Vacuum
scrubbing

Vacuum
scrubbing

Bad BTe

We tested 6 optics variations during 2020c.

[Y. Ohnishi, 2020c Summary Meeting]



Operation in 2020c
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LER steering LER steering
LER collimator

phase
LER collimator

phase

HER BG GOOD
LER BG BAD

HER BG GOOD
LER BG GOOD

A0 A3A0 A3A2 A2A1A0 A0 A1C CB B

QCS quench
D02V1 damage

QCS quench
D02V1 damage

The second A0 could not reproduce the first A0 for Lsp.
BG level became almost same as November 13.

* The plots are average for 1 hour.* The plots are peak value for 1 hour

LER VXD BG BAD
TOP is GOOD

Bad BTe paramsBad BTe params
Vacuum

scrubbing
Vacuum

scrubbing

[Y. Ohnishi, 2020c Summary Meeting]



Comparison of Specific Luminosity
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βy* = 1 mm A0 A2

QCS quench
D02V1 damage

same optics
as 2020ab

Specific luminosity in 2020c was improved from 2020ab. LER steering
HER is same as A0

LER : 485 mA (0.5 mA)
HER : 440mA (0.45 mA)
nb : 978
<L> : 1.36 x 1034

maintenance maintenancemaintenance

[Y. Ohnishi, 2020c Summary Meeting]



High Bunch Current Study: Specific Luminosity
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2020.12.08 15:15 - 16:30

⇠y± =
2ere�⇤

y±L

�±I±
<latexit sha1_base64="R/f84uPHPF8Q3b1QYuK+4UI7i9s="></latexit><latexit sha1_base64="R/f84uPHPF8Q3b1QYuK+4UI7i9s="></latexit><latexit sha1_base64="R/f84uPHPF8Q3b1QYuK+4UI7i9s="></latexit><latexit sha1_base64="R/f84uPHPF8Q3b1QYuK+4UI7i9s="></latexit>

Lsp =
L

nbIb+Ib�
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nb = 393 bunches 
I = 200 - 270 mA 

(LER = HER)

High Bunch Current Study

BB scan with small bunch current
⌃⇤

y = 0.32 µm (0.0024 mA2)
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Lsp = 6 x 1031 at 0.3 mA2  (Ib = 0.55 mA, nb=393)

200
mA 270

mA
250
mA

total
luminosity

Beam-Beam
parameter

specific
luminosity

⌃⇤
y =

q
�⇤2
y+ + �⇤2

y�
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Single Bunch Tune Shift in LER
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Dec. 17

Nov. 5

Beam current can not be stored larger than 0.8 mA/bunch.

Dec. 17 (A3) Nov. 5 (A0)

D02V1 (mm) 1.68 / 1.2 (1.44) 1.52 / 1.2 (1.36)

D03V1 (mm) 0.68 / 1.38 
(1.03)

2.0 / 1.98 (1.99)

D06V1 (mm) 
carbon head

2.7 / 1.2 (1.95) 3.2 / 3.2 (3.2)

D06V2 (mm) 2.28 / 1.85 (2.07) 2.2 / 1.9 (2.05)

H: -0.0018 
V: -0.0131

H: -0.0019 
V: -0.0229

single bunch 
current

vert. tune

⌫s = �0.0235
<latexit sha1_base64="d0MeoqsnyYssj6rLpfn7z/vQe5I="></latexit><latexit sha1_base64="d0MeoqsnyYssj6rLpfn7z/vQe5I="></latexit><latexit sha1_base64="d0MeoqsnyYssj6rLpfn7z/vQe5I="></latexit><latexit sha1_base64="d0MeoqsnyYssj6rLpfn7z/vQe5I="></latexit>

Tune shift is same as 
synchrotron tune

[Y. Ohnishi, 2020c Summary Meeting]



Operation Statistics
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7%
5%

1%

28%
59%

2%
17%

1%

47%

33%

Physics Run
Machine Tuning
Machine Study
Troubles
Maintenance, others

2019c 2020a/b

Physics run: 59 % 
Machine tuning: 28 %

Physics run: 33 % 
Machine tuning: 47 %

4%
12%

47%

37%

2020c

Physics run: 37 % 
Machine tuning: 47 %

② From 2021a, we move on physics run as soon as possible after Wednesday 
maintenance
even though the possible beta* is 2 mm in the day.

2019c was dedicated to
the machine tuning.

similar statistics
coincidentally ?

① We want to increase machine availability for physics run as much as possible.

③ we gradually develop a resumption strategy and try to reduce machine tuning time.

④ Maintenance is usually 
until 17:00,
injection tuning for PF and 
PF-AR
then SuperKEKB injection 
tuning
starts. Startup with stable 
operation of linac injector
is a key point to resume 
SuperKEKB
as quick as possible. ⑤ Linac injector tuning should be performed 

as needed. (Wednesday is advantage because
a disturbance for PF and PF-AR is allowed.)

[Y. Ohnishi, 2020c Summary Meeting]



Troubles
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Group Device Content hour:mi #
LINAC safety Linac Ready 0:17 1

charge limit 1S abort 0:57 1
MG QCS QC1RP quench 1:17 1

QEAP_44 PS tracking error 0:59 1

RF
D11AB KPS crowbar work, solenoid PS 14:09 1

air fin cooler (AFC) frozen (human error) 3:16 1
D11A HOM chiller compressor abnormal 2:51 2

VAC D02V1  damage, replace head 174:26 1
Infrastructure water cooling pump (NIKKO) malfunction → vacuum leakage at LER 1:28 1

DR

DR ext. septum cooling water abnormal 1:43 2
BL1S_1_2 magnet water stop 0:32 1

DR Inj. kicker PS fault 2:19 1
DR inj. kicker reserver PS communication error 0:37 1

QRF magnet water low rate 0:47 1

BTp
BV2P_1_2 magnet water stop 2:18 1

BH1BP abnormal water flow rate 0:46 1
B2P_2 magnet water stop 1:58 3
QAD9P PS Tracking I/L 1:19

BTe BV2E_4 PS OV 1:16 1
DR inj./ext. kicker communication fault: no. incident is 51 (< 15 min for each)

[Y. Ohnishi, 2020c Summary Meeting]



Operation Statistics
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2020 Physics run Machine 
tuning

Machine 
study

Troubles Maintenance 
and others

total (hours)

February 0.0 102.0 0.0 0.0 10.0 112.0

March 344.0 314.5 0.0 17.5 68.0 744.0

April 468.0 135.0 0.0 71.5 45.5 720.0

May 525.0 133.5 0.0 26.0 59.5 744.0

June 463.0 153.5 28.0 50.5 25.0 720.0

July 9.0 0.0 0.0 0.0 0.0 9.0

total (hours) 1809.0 
59.3 %

838.5 
27.5 %

28.0 
0.9 %

165.5 
5.4 %

208.0 
6.8 %

3049.0

October 37.2 536.6 0.0 8.3 45.1 627.2

November 324.7 180.6 0.0 197.2 17.7 630.2

December 283.8 111.0 0.0 6.5 15.8 417.1

total (hours) 645.7 
36.6 %

828.2 
46.9 %

0.0 
0.0 %

212.0 
12.0 %

78.6 
4.5 %

1764.5

[Y. Ohnishi, 2020c Summary Meeting]
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Comparison between 2020b(June) and 2020c(November)

28

VXD BG was very  
small.

HER injection was good. HER injection was terrible.

e-: 1.3 nC/bunch 12.5 Hz

2020b 2020c (~Nov.12)

[Y. Ohnishi, 2020c Summary Meeting]


