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Beam transport issues and countermeasures

Beam transport issues and countermeasures
▶ Issue-1: injection efficiency improvement

HER septum (SE1) upgrade
adoption of Libera system for BPM readout
vertical kicker installation for dynamic aperture survey
ECS installation in BT(𝑒−) straight section

▶ Issue-2: emittance growth suppression

BT(𝑒+) vertical offset of chambers
installation of OTR monitors

Q-scan software preparation and updates

CSR direct measurement in Arc-1

▶ Issue-3: countermeasure for self-firing of injection kickers

direct triggering the paired kicker for compensation

▶ Issue-4: Machine stabilization

temperature stability improvements of facility cooling water
BT-SRM

The hardware work will be mainly presented in this talk.
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Issue-1: injection efficiency improvement
HER injection septum SE1 upgrade

HER injection septum SE1 upgrade
▶ According to the study on septum width, drive pulse

period and leakage field[1], new SE1 design was
decided.

▶ As the result, the field uniformity is improved about
54%,

which is not consistent with the simulation result,
some unknown factors which should be investigated.

▶ Injection capable region seems to have expanded,
tracking simulation will be done to estimate the
border position quantitatively.

▶ Q-chamber next to SE1 is also improved, margin for
injection bump is also increased by 0.8 mm.

▶ it is worth to try to find more tuning space.
▶ MR collimator settings are also very important for

injection efficiencies.
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Issue-1: injection efficiency improvement
Adoption of Libera system for BPM readout

R&D of Libera-SPE BPM system for BT end

▶ I-tech Libera-SPE is under the test for BT end BPMs, which have one-to-one channel connections to Libera-SPE.
▶ Libera-SPE has 4 BPM modules, each one reads 2 independent BPMs (𝑒±) by using RF switch module.
▶ Successive trains of 2 bunches separated 96 ns are measurable individually.
▶ Signal nonlinearities are corrected using a 7th order polynomial fit.
▶ SPE parameters (e.g. offset, attenuation, trigger offset, etc) and marking the BPM data are controlled via event

data buffers.
▶ Each shot is uniquely numbered by extended ShotID, which is 32-bit long.
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Issue-1: injection efficiency improvement
Vertical kicker installation for dynamic aperture survey

Vertical kicker T. Naito

▶ Single kick, 1 Hz, ∼ 70 μrad (∼ 150 Apeak),
▶ semiconductor switch,
▶ pulse tail 0.5% @ 50 μrad kick angle,
▶ polarization inversion available without kick angle variation,
▶ installed in Fuji-straight of HER, in production for LER.
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Issue-2: emittance growth suppression
BT(𝑒+) beam chamber vertical offset

BT(𝑒+) vertical offset
of vacuum chamber reduces emittance growth in BT(𝑒+) if the source is also CSR effect as BT(𝑒−) [2].

K. Shibata

▶ We offset the chambers and
dipoles in Arc1 where the
most suspicious region for
the emittance growth,

▶ horizontal emittance can be
measured at OTR monitor
MSP.8,

▶ number of offset dipoles:
17.
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Issue-2: emittance growth suppression
Installation of OTR monitors

Installation of OTR monitors

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 11 / 23

For emittance measurement, the OTR monitor was adopted to be installed, since it could be achieved
by the screen monitor upgrade. OTR monitors indicated with circles surrounding numbers and triangles.

Before LS1
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For emittance measurement, the OTR monitor was adopted to be installed, since it could be achieved
by the screen monitor upgrade. OTR monitors indicated with circles surrounding numbers and triangles.

After LS1
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Issue-2: emittance growth suppression
Installation of OTR monitors

Installation of OTR monitors
Schedule was very tight, thanks to the help of N. Taniguchi and Y. Nakazawa from Belle II group,
installation was completed just on time. I appreciate their hard and thoughtful works very much!

40 nm Al coated 0.5 mm
silicon plate with some
scratch lines for calibration.

▶ Emittance measurement is available in many (dispersion free) location in BT.
▶ Typical resolution: ∆𝑥 ≃ ∆𝑦 ∼ 60 μm

beam size comparable to resolution ⇒ upgrades may be necessary for OTR readout.

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 12 / 23



‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

Issue-2: emittance growth suppression
CSR direct measurement in Arc 1

CSR direct measurement in Arc 1 S. Terui et al.

▶ BPM signal is used as trigger,
▶ detector (with rectangular cross section horn)

azimuth angle variable for polarization measurement
(only ±10∘ at this time).

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 13 / 23
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Issue-2: emittance growth suppression
CSR direct measurement in Arc 1

CSR direct measurement in Arc 1: results
S. Terui et al.

▶ Charge squared
dependency was seen,

▶ Issues:
180∘ rotatable system
for clear CSR
polarization
measurement,
CSR suppression effect
of vertical offset of the
parallel plate,
detector saturation
occurs for higher bunch
charge

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 14 / 23
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Issue-3: countermeasure for accidental self-firing of injection kickers
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Issue-3: countermeasure for accidental self-firing of injection kickers

Injection kicker status overview
LER Injection bump leakage K. Kodama, T. Mimashi

▶ due to differences of sizes & Ti-coat thicknesses of ceramic ducts was reported in previous ARC,
▶ K1 ceramic duct will be replaced with K2 type duct (in production now) in summer shutdown 2024.

Accidental spontaneous firing (LER)
▶ denoted by ASFs, occurred 10 times in this run 2024a,
▶ K1-unmonitored ×2, K1-2 ×1, K1-3 ×7 (K1-3 thyratron replaced on Mar. 19, the removed

thyratron successively caused ASFs during the bench test ⟹ thyratron failure.)
▶ Short term countermeasure ideas:

changing trigger system for CX1174 from single to double,
replacing thyratron with CX1826A (HER type, no ASF in HER),
immediate triggering the rest of paired kicker on ASF detection. ⟵ New!

▶ Long term countermeasure ideas:
two kickers driven by one thyratron → in search of optics solution,
changing pulsed power source from thyratrons to semiconductor switch,
one kicker driven by two thyratrons with a half output currents.

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 16 / 23
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Issue-3: countermeasure for accidental self-firing of injection kickers
Immediate triggering the paired kicker on ASF detection

Immediate triggering the rest of paired kicker on ASF detection
▶ From BOR or BCM data, the bunches with ASF oscillation

amplitude less than 70% of maximum survive.

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 17 / 23
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Issue-4: Machine stabilization
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Issue-4: Machine stabilization
Temperature stability improvements of facility cooling water

Temperature stability improvements of facility cooling water
In previous ARC, DR cooling
water improvement was reported.
The improvement was continued
for BT and MR.

Correlation between the MR facility cooling water temp and vertical
angle at IP was observed.
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Issue-4: Machine stabilization
Temperature stability improvements of facility cooling water

Temperature stability improvements of facility cooling water
T. Naito

The optimization of the temperature control parameters for the cooling towers and the PID control of
the three-directional valve was carried out.

MR cooling system consists of
Fuji, Oho, Tsukuba, Nikko,

8 cooling towers along the tunnel:
3M, 6M, 9M, 12M.

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 20 / 23
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Issue-4: Machine stabilization
BT-SRM

BT-SRM

▶ BT-SRM@BH3E.1 (the first dipole in Arc 3) is
operated as beam size monitor,

▶ used for Linac tuning, wakefield minimization.
It is useful to detect the condition drifted,
since beam size can be measured without any
device inserted in beam line.

▶ Typical beam size:
𝜎𝑥 ≈ 0.6 mm, 𝜎𝑦 ≈ 0.9 mm in 2022,

▶ it seems larger and unstable in this run.
▶ BT-SRM@BH1AE (the first dipole in Arc 1)

was fabricated, installation has been
postponed.
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Summary and future prospect

Summary and future prospect
▶ Issue-1: injection efficiency improvement

More tuning space may be found with better HER septum (SE1) calibration,
MR collimator adjustments are also very important.

▶ Issue-2: emittance growth suppression
The cause of emittance growth in BT(𝑒+) was not CSR effect and seemed to be the higher order field.
Core replacement of top/bottom asymmetric poles with symmetric ones will mitigate the problem.
As for 𝑒−, the following items may be effective:

thin chamber installation,
lattice modification for smaller dispersion (c.f. new beamline using PF-AR direct injection tunnel).

▶ Issue-3: countermeasure for ASF of injection kickers
direct triggering the rest of paired kicker for compensation:
new countermeasure has been proposed.

▶ Issue-4: Machine stabilization
temperature stability improvements of facility cooling water: it is very stable now.
For 𝑒− beam, orbital and energy spread jitters, vertical emittance are larger than the previous run.
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Summary and future prospect

𝒯ℎ𝑎𝑛𝑘 𝑦𝑜𝑢 𝑓𝑜𝑟 𝑦𝑜𝑢𝑟 𝑎𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛.
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Appendix
Effect of injection beam quality to luminosity

Effect of injection beam quality to luminosity K. Oide

𝑁± = 𝑁±(0)𝑒− 𝑡
𝜏±

d(𝑒𝑁±𝑁b𝑓0)
d𝑡 = 𝐼±inj𝜀±

The quality of injection beam is vitally important for SuperKEKB.
T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 2 / 39
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Layout from origin to MR
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Status

Current status

From the publication in IPAC’23 proceedings [3].

▶ Especially 4 GeV 𝑒+ ring (LER)
performance should be doubled.

▶ As for 7 GeV 𝑒− ring (HER)
performance, the requirement is
satisfied only on the best condition.

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 5 / 39
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Status

Quest for source of emittance growth

We have investigated for years about emittance growth issue, some sources
concerning the issue have been found, but they all have not played the main
role. Found sources of emittance growth so far:

▶ transverse wake field by accelerating tubes,
▶ higher order dispersion in BT,
▶ radiation excitation in BT,
▶ leakage of dispersion to straight section,
▶ jitter emittance,
▶ interaction of energy jitter with leakage dispersion,
▶ dispersion leakage to ECS accelerating tubes.

Recently we examine a effect of coherent synchrotron radiation (CSR)
generated by micro-bunch to the emittance.

M. Kikuchi

Scan of upstream of Chicane

Scan of Linac RF phase

Electron beam Q=1.7 nC, σz = 0.9 mm

Fixed φ(A-2)=4

δ(at sect2)

δ(at Linac end)z (mm)

δ
 (1

0-
3 )

δ/z =1/6

φ=(4°, 4.5°)

LINAC end

Downstream of Chicane

optimum 
 φ(A-2) = 4 deg.

optimum 
 φ(345) = 4.5

Fixed φ(A-2)=4.5
optimum 
 φ(345) = 4

higher-energy tail

Scan of upstream of Chicane

Scan of Linac RF phase

Electron beam Q=1.7 nC, σz = 0.9 mm

Fixed φ(A-2)=4

δ(at sect2)

δ(at Linac end)z (mm)

δ
 (1

0-
3 )

δ/z =1/6

φ=(4°, 4.5°)

LINAC end

Downstream of Chicane

optimum 
 φ(A-2) = 4 deg.

optimum 
 φ(345) = 4.5

Fixed φ(A-2)=4.5
optimum 
 φ(345) = 4

higher-energy tail

Electron beam
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Microbunching

• Bunch is compressed in the ARC-1, ARC-2, (and ARC-3)
φ=(4, 4.5) • Positive correlation in (z, δ) space 

with a negative R56 component in 
the BT line plays a role of a bunch 
compressor.   

• Partial cancelation of longitudinal 
wake with RF curvature makes 
local z-δcorrelation, thus inducing 
possible micro-bunch in the 
subsequent BT line.

Longitudinal simulation

• Condition of compression:

R56

✓
@�

@z

◆
= �1 (#)

Since the R56 component varies 
in wide range from 0 to -6 m the 
correlation         satisfies the 
condition (#) elsewhere in the BT 
line, if it is greater than 1/6.

�
@�
@z

�

z

z

δ

δ (%)

k (1/mm)

• Bunch length shrinks to 0.16 mm. 
CSR effect may be concerns for 
emittance blowup.  

kth =

r
2⇢

3

⇣⇡
h

⌘3
= 3.69⇥ 103 m�1

�z,th = 0.27mm

Scan of upstream of Chicane

Scan of Linac RF phase

Electron beam Q=1.7 nC, σz = 0.9 mm

Fixed φ(A-2)=4

δ(at sect2)

δ(at Linac end)z (mm)

δ
 (1

0-
3 )

δ/z =1/6

φ=(4°, 4.5°)

LINAC end

Downstream of Chicane

optimum 
 φ(A-2) = 4 deg.

optimum 
 φ(345) = 4.5

Fixed φ(A-2)=4.5
optimum 
 φ(345) = 4

higher-energy tail

• Bunch is compressed in the ARC-1, ARC-2, (and ARC-3)
φ=(4, 4.5) • Positive correlation in (z, δ) space 

with a negative R56 component in 
the BT line plays a role of a bunch 
compressor.   

• Partial cancelation of longitudinal 
wake with RF curvature makes 
local z-δcorrelation, thus inducing 
possible micro-bunch in the 
subsequent BT line.

Longitudinal simulation

• Condition of compression:

R56

✓
@�

@z

◆
= �1 (#)

Since the R56 component varies 
in wide range from 0 to -6 m the 
correlation         satisfies the 
condition (#) elsewhere in the BT 
line, if it is greater than 1/6.

�
@�
@z
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z

z

δ

δ (%)

k (1/mm)

• Bunch length shrinks to 0.16 mm. 
CSR effect may be concerns for 
emittance blowup.  

kth =

r
2⇢

3

⇣⇡
h

⌘3
= 3.69⇥ 103 m�1

�z,th = 0.27mm

Positive correlation in (𝑧, 𝛿) space, 𝑅56 < 0,
then BT-line ⇒ bunch compressor.

M. Kikuchi

• Bunch is compressed in the ARC-1, ARC-2, (and ARC-3)
φ=(4, 4.5) • Positive correlation in (z, δ) space 

with a negative R56 component in 
the BT line plays a role of a bunch 
compressor.   

• Partial cancelation of longitudinal 
wake with RF curvature makes 
local z-δcorrelation, thus inducing 
possible micro-bunch in the 
subsequent BT line.

Longitudinal simulation

• Condition of compression:

R56

✓
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◆
= �1 (#)

Since the R56 component varies 
in wide range from 0 to -6 m the 
correlation         satisfies the 
condition (#) elsewhere in the BT 
line, if it is greater than 1/6.
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• Bunch length shrinks to 0.16 mm. 
CSR effect may be concerns for 
emittance blowup.  

kth =

r
2⇢

3

⇣⇡
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⌘3
= 3.69⇥ 103 m�1
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Appendix
Status

Emittance measurement with vertical bump orbit
▶ One of the most important issues for BT-line is to

suppress the emittance growth,
▶ currently CSR is the most suspicious as the cause.
▶ The CSR shielding effect of vertical beam offset from

median plane of beam chamber pointed out qualitatively
by Takeshi Nakamura,

resulting in the suppression of the emittance growth,
▶ the measurement performed with electron beam, the

suppression of emittance growth actually observed.
▶ It was important to understand the shielding effect in

theory, we derived the scaling factor by reformulation of
preceding research [4].

Essential points of the derivation will be explained in this
report. Figure: The result of experiments.

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 8 / 39
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Status

CSR scaling factor

𝑛-even modes are induced
largely for the small offsets.
𝑏 = 16 mm.

Λ𝑛 = sin2[𝑛𝜋
2𝑏 (𝑏 + 𝑦0)] , (1)

where the symbols denote
items as follows:

𝑛: mode number,
𝑏: inner height of chamber

cross section,
𝑦0: vertical offset of beam

from the median plane of
chamber.

The suppression of emittance growth with vertical offset has been explained theoretically, cf. [2].

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 9 / 39
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Status

Emittance growth in BT(𝑒+)

▶ The charge quantity dependence of normalized horizontal emittance
were seen in the previous measurement.

▶ Thus we suspected CSR as the source of emittance growth.
▶ Eventually we decided to offset the vacuum chambers vertically to

investigate whether the CSR suppression effect also exists in 𝑒+

beam or not.
▶ As for the emittance measurement, we modified the screen monitors

from the fluorescence to optical transition radiation (OTR)
measuring type. (14 screens for BT(𝑒+).)

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 10 / 39
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Status

Vertical bump height dependency of emittance (𝑒+) in Arc1

▶ Bump height ℎ = 0 means no-bump,
▶ no strong bump height dependency,

nor clear charge dependency of horizontal
emittance was observed,

⟹ No any significant wakes including CSR.

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 11 / 39
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Status

Vertical bump height dependency of emittance (𝑒+) in Arc2,3

▶ No bump height dependency was observed
⟹ No any wake field effects including CSR.

We obtained consistent result in simulation
study.

▶ As for vertical plane, bump height dependency
has been observed, now we are investigating
the cause of it.

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 12 / 39
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DC magnets for BT

Location Number Length [mm] Turns/pole Iset [A]

SY3 5 2000 130 141.8

ARC0 5 2000 130 140.8

ARC1 20 2000 112 156.6

ARC2 9 2000 112 14.7.7

ARC3 10 2200 112 150.6

Slope 4 1800 104 154.0

ARC4 11 1780 84 147.0

Line Bend Quad V steering H steering Total

Electron 59 51 26 17 153

Positron 58 61 31 19 169

Location
Numbe
r

Length [mm] Turns/pole Iset [A]

SY3 1 1500 112 162.5

ARC0 5 1000 112 200.6

ARC1 20 1000 112 182.2

V line 2 1000 96 140.8

ARC2 7 1200 112 164.3

ARC3 11 2000 112 175.9

Slope 2 1800 112 213.3

ARC4 10 1780 84 114.5

Bending magnets of BT Electron Line Bending magnets of BT Positron Line

Numbers of BT magnets

T. Ueda

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 14 / 39
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DC magnets for DR/LTR/RTL

B2: “Reverse bend”s which make radiation damping time shorter with
weak bending field (𝐵 < 1.5[T]).

ARCwest

Injection
LTR

RTL

SY2

ARCeast

Extraction

Damping Ring

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 16 / 39
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Pulsed magnets

Line Magnet Length [m] Number
Electron Injection septum 1.0 4

Injection kicker 0.225 3+3
Positron Injection septum 0.79 2

Injection kicker 0.225 3+3
DR Injection septum 0.8 1

Injection kicker 0.8 1
Extraction septum 0.24 1
Extraction kicker 0.24 1

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 17 / 39
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MR injection septa

Parameters LER HER Unit
Core type 0.35mm Si-steel lamination
Core gap 8.00 mm
Weight ∼ 260 kg
Field ∼ 1 T
Angle ∼ 50 ∼ 37.5 mrad
Max peak current 10 kA
Max voltage 2 kV
Pulse shape 300 us full sine

ンバーの中心を通っている場合は発生しないが、チェ

ンバー中心から横方向にずれた場所を通ると、ヘッ

ドの粒子が残したウェイク場がテイルの粒子をずれ

ていた横方向にキックする。その方向は、チェンバー

からずれた方向にさらに蹴ることになり、横方向エ

ミッタンスの増大につながる。

4 入射と出射

リングへの入射には、以下の２つの種類がある。

(1) オフアクシス入射（off-axis injection）
(2) オンアクシス入射（on-axis injection）

(1)は、SuperKEKB主リング（HER, LER）のよう
に、既にリングのバケットに蓄積ビームがあって、そ

こに入射ビームを追加する場合、(2)は、DRへの入
射のように入射するリングのバケットに蓄積ビーム

がない場合である。まず、(1)について説明する。リ

図 10: オフアクシス入射の場合の、入射ビームとリ
ングの蓄積ビームの軌道 [13]。上図：バンプ頂上付
近の拡大図。下図：蓄積ビームのバンプ頂上で入射

ビームが入射される。

ングの蓄積ビームのバケットに入射ビームを追加す

る場合、リングビームの軌道になるべく沿うように

入射すると、蓄積ビームの実効的な位相空間上での

占有面積が小さくなる。入射点近くの軌道を、図 10

に示す。蓄積ビームは、２カ所の入射キッカーパル

ス電磁石（以下、キッカー）によって作られる軌道

（入射バンプ）で入射ビームに近づき、入射ビーム

は BTラインの最下流の入射セプタムパルス電磁石
（以下、セプタム）によってギリギリまで蓄積ビーム

に近づき、方向もなるべく蓄積ビームに沿わせる。

SuperKEKBの場合、セプタムもキッカーも水平方
向に蹴る。

図 11: 入射点における水平位相空間の概念図。σxR、

σxI は、蓄積ビーム、入射ビームのビームサイズ。

nRσxR、nIσxI まで考慮した。wsは、セプタムの実

効的な厚さ。入射振動振幅∆Xは、∆X ∼ nRσxR +

ws + 2nIσxI。リングに入ってからは ∆X を最大振

幅として、蓄積ビームの楕円と相似形楕円上を入射

ビームが振動する。

入射点での水平位相空間の概念図を、図 11に示
す。図の蓄積ビームは、バンプの頂上での位置で、

セプタムを挟んで入射ビームが来る。図 12にセプ
タム断面の概略図と写真を示す。セプタム電磁石の

図 12: セプタム電磁石の断面概略図と試作機の写真。

“セプタム” とは隔壁を意味し、入射ビームと蓄積
ビームの間でコア内に誘起されるパルス磁場をシー

ルドする役割を持つ。これによりコア内を通る入射

ビームのみが蹴られ、セプタムのすぐ外側を通る蓄

積ビームへの影響は抑制される。蓄積ビームと入射

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 18 / 39



MR Injection Kicker
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(H:6, L:6)

(Design)

Parameters T. Mimashi, et al, p2441, Proceedings of EPAC (2000) 

LER1 : 3台, LER2 : 3台
HER3 : 3台, HER4 : 3台

運転時
LER1 : ≒ 16 kV, LER2 : ≒ 12 kV
HER3 : ≒ 15 kV, HER4 : ≒ 20 kV

ハード
MRトンネルに沿ってKicker1(LER) -> Kicker2(LER) -> Kicker3(HER) -> Kicker4(HER)
Optics
⼊射ビームを先に蹴る⽅をK1，周回ビームを先に蹴る⽅をK2と定義．
LER Kicker：K1(LER Kicker1)，K2(LER Kicker2)
HER Kicker：K1(HER Kicker4)，K2(HER Kicker3)．
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HER Kicker

HER Kicker1
(ハードの定義：K4)

BT Line(e-)

HER Kicker2
(ハードの定義：K3)

HER Kicker1
(ハードの定義：K4)
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LER Kicker

LER Kicker2
BT Line(e+)

LER Kicker2

LER Kicker1

LER Kicker1
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MR Abort Kicker
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Chapter 14 Safety System, SuperKEKB Design ReportPurpose

1. To transport the extracted beam to the beam dump safely. 
2. Energy density dissipated at the Ti window is less than its allowable maximum 

value. 
3. To minimize the abrupt change in beam loading, the beam abort gap that is an 

empty bucket space reserved for the rise time of the abort kicker magnet, must 
be less than 200 nsec. -> For the stable operation of RF cavities. 

HER Abort Orbit LER Abort Orbit
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Magnet Parameters
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Chapter 14 Safety System, SuperKEKB Design Report

H Abort Kicker

H Abort BPM

Dump

Overview of HER Abort system
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Chapter 14 Safety System, SuperKEKB Design ReportOverview of LER Abort system
L Lambertson Sep.

Lam
bertson

Septum Dump

L Abort Kicker
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Inj. Septum Magnet

Inj. Kicker Magnets
Ext. Septum Magnet

Ext. Kicker Magnets

Damping Ring (Inj. & Ext. pulse magnets)

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌

‌



Design Parameters for DR septum magnets

Inj. Ext.

Deflection angle (mrad) 79.2 104

No. of magnets 1 1

Peak magnetic field (T) 0.4 0.477

Septum thickness (mm) 4 10.5

Core length (m) 0.8 0.8

Magnet field aperture (mm) 74(W)x24(H) 100(W)x30(H)

Max. peak current (A) 8000 12500

Pulse width (us) 234 (fill-sine wave) 216 (full-sine wave)

Repetition (Hz) 50 50

In-vacuum Out vacuum
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Output current of ext. septum

DR septum magnets

Inj. septum magnet Ext. septum magnet
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Design Parameters for DR kicker magnets

Inj. Ext.

Deflection angle (mrad) 5.2 4.7

No. of magnets 2 2

Peak field (T) 0.04 0.036

Magnet core length (m) 0.24 0.24

Magnet inductance (uH) 0.8 0.8

Peak current (A) 1708 1546

Pulse width (ns) 300 (half-sine wave) 300 (half-sine wave)

Rise time & Fall time (ns) <100 <100

Timing jitter (ns) <1.4 <1.4

Frequency repetition 50 50
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DR kicker magnets

DR inj. kickers
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Appendix
Beam instrumentations

Beam instrumentations

▶ Beam position monitors (BPM)
▶ Screen monitors
▶ Wire scanners

Measuring emittance
▶ Beam collimators

Setting transverse/energy acceptance cutoff
▶ Beam shutters

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 19 / 39
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Appendix
Beam instrumentations

Wire scanners
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Appendix
Beam instrumentations

Wire scanners
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Appendix
Beam instrumentations

OTR screen monitor
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Appendix
Beam instrumentations

OTR screen monitor
Images of OTR compared with fluorescent light

MSE.10
13
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Appendix
DR DC magnets

DC magnets for DR/LTR/RTL
DRTable 12.11: The magnets of the damping ring and beam transport.

No. magnet type Bore or Gap length weight used location manufacturer
[mm] [mm] [kg]

1 B1 46 690 1850 32 DR SIGMA PHI
2 B2 46 230 750 38 DR SIGMA PHI
3 B3 46 334 1000 4 DR SIGMA PHI
4 B4 46 420 1200 4 DR SIGMA PHI
5 QM(F) 46 200 210 37 DR SIGMA PHI
6 QM(D) 46 200 210 37 DR SIGMA PHI
7 QRF 110 369 1000 3 DR TOKIN
8 QRD 60 287 400 7 DR TOKIN
9 SX 70 75 135 75 DR SIGMA PHI
10 STV_C 60 100 56 3 DR TECNO
11 STH_H 120 100 82 1 DR TECNO
12 STH_H1 60 100 101 1 DR TECNO
13 STH_H2 124 100 110 1 DR TECNO

14 BC1E 50 1000 4240 2 LTR/RTL TOKIN
15 BC2E 25 1220 2800 2 LTR/RTL MITSUBISHI
16 BLN 50 650 1410 5 LTR/RTL TOKIN
17 BRN 50 500 620 1 LTR/RTL TOKIN
18 BS 28 750 820 8 LTR/RTL TOKIN
19 QLN1 98 400 1061 3 LTR/RTL Beam Seiko
20 QLN2 98 400 1061 5 LTR/RTL Beam Seiko
21 QLS 64 350 765 7 LTR/RTL TIME.,Ltd
22 QMN 48 250 700 12 LTR/RTL TAKANO GIKEN
23 QMS 30 200 300 13 LTR/RTL TAKANO GIKEN
24 QRN 39 340 140 2 LTR/RTL TAKANO GIKEN
25 SFS 84 100 180 2 LTR/RTL TAKANO GIKEN
26 StH56 100 150 75 2 LTR/RTL TOKIN
27 StHerH 80 283 - 12 LTR/RTL Novosibirsk Russia
28 StHerV 80 283 - 14 LTR/RTL Novosibirsk Russia
29 StV128 180 150 120 5 LTR/RTL TOKIN
30 StV56 100 150 75 2 LTR/RTL TOKIN

534

LTR/RTL

Table 12.11: The magnets of the damping ring and beam transport.

No. magnet type Bore or Gap length weight used location manufacturer
[mm] [mm] [kg]

1 B1 46 690 1850 32 DR SIGMA PHI
2 B2 46 230 750 38 DR SIGMA PHI
3 B3 46 334 1000 4 DR SIGMA PHI
4 B4 46 420 1200 4 DR SIGMA PHI
5 QM(F) 46 200 210 37 DR SIGMA PHI
6 QM(D) 46 200 210 37 DR SIGMA PHI
7 QRF 110 369 1000 3 DR TOKIN
8 QRD 60 287 400 7 DR TOKIN
9 SX 70 75 135 75 DR SIGMA PHI
10 STV_C 60 100 56 3 DR TECNO
11 STH_H 120 100 82 1 DR TECNO
12 STH_H1 60 100 101 1 DR TECNO
13 STH_H2 124 100 110 1 DR TECNO

14 BC1E 50 1000 4240 2 LTR/RTL TOKIN
15 BC2E 25 1220 2800 2 LTR/RTL MITSUBISHI
16 BLN 50 650 1410 5 LTR/RTL TOKIN
17 BRN 50 500 620 1 LTR/RTL TOKIN
18 BS 28 750 820 8 LTR/RTL TOKIN
19 QLN1 98 400 1061 3 LTR/RTL Beam Seiko
20 QLN2 98 400 1061 5 LTR/RTL Beam Seiko
21 QLS 64 350 765 7 LTR/RTL TIME.,Ltd
22 QMN 48 250 700 12 LTR/RTL TAKANO GIKEN
23 QMS 30 200 300 13 LTR/RTL TAKANO GIKEN
24 QRN 39 340 140 2 LTR/RTL TAKANO GIKEN
25 SFS 84 100 180 2 LTR/RTL TAKANO GIKEN
26 StH56 100 150 75 2 LTR/RTL TOKIN
27 StHerH 80 283 - 12 LTR/RTL Novosibirsk Russia
28 StHerV 80 283 - 14 LTR/RTL Novosibirsk Russia
29 StV128 180 150 120 5 LTR/RTL TOKIN
30 StV56 100 150 75 2 LTR/RTL TOKIN

534

B2: “Reverse bend”s which make radiation damping time shorter with weak bending field.
T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 24 / 39
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Appendix
DR DC magnets

Coil parameters of DR magnets
Table 12.12: The parameters of the coil of the magnets.

No magnet type main coil Correction coil
peak peak Number of Nominal Number of peak peak Number of Nominal Number of

voltage current turns per Ampere Turns coils voltage current turns Ampere Turns coils
[V] [A] coil [T] per coil [A T] per magnet [V] [A] per coil [T] per coil[A T] per magnet

1 B1 15.5 900 16 14400 2 4.6 7.7 39 300 2
2 B2 9.4 880 16 14080 2 2.6 7.7 39 300 2
3 B3 9.7 800 16 12800 2 3.2 7.7 39 300 2
4 B4 10.9 800 16 12800 2 3.4 7.7 39 300 2
5 QM(F) 5.2 330 16 5280 4 0.6 5.0 10 50 4
6 QM(D) 3.8 247.5 16 3960 4 0.6 5.0 10 50 4
7 QRF 11.3 500 25 12500 4 1.2 10.0 12 120 4
8 QRD 4.9 300 16 4800 4 0.7 10.0 10 100 4
9 SX 5.0 150 20 3000 6 2.5 10.0 50 500 6
10 STV_C 0.8 10 52 520 2 - - - - -
11 STH_H 2.2 10 86 860 2 - - - - -
12 STH_H1 1.6 10 52 520 2 - - - - -
13 STH_H2 3.4 10 137 1370 2 - - - - -

14 BC1E 23.0 498 54 26892 2 1.8 10.0 30 300 2
15 BC2E 25.3 450 80 36000 2 11.0 5.0 144 720 2
16 BLN 19.6 468 60 28080 2 2.4 10.0 30 300 2
17 BRN 10.2 468 44 20592 2 2.0 10.0 30 300 2
18 BS 7.8 468 28 13104 2 2.6 10.0 30 300 2
19 QLN1 - 80 110 8800 4 - - - - -
20 QLN2 - 80 110 8800 4 - - - - -
21 QLS 8.0 40 80 3200 4 - - - - -
22 QMN 8.0 37 110 4070 4 - - - - -
23 QMS 4.0 21 80 1680 4 - - - - -
24 QRN 4.4 25 70 1750 4 - - - - -
25 SFS 3.0 10 50 500 6 - - - - -
26 StH56 4.0 5 110 550 2 - - - - -
27 StHerH 25.0 5 648 3240 2 - - - - -
28 StHerV 25.0 5 648 3240 2 - - - - -
29 StV128 12.0 5 250 1250 2 - - - - -
30 StV56 4.0 5 110 550 2 - - - - -

535

[5]
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Appendix
DR DC magnets

Linac introduction

A1-gun

31

http://www-superkekb.kek.jp
もっと 
知りたい! KEKB加速器 SuperKEKB加速器

ダンピングリングとは
　SuperKEKBはそのエミッタンス※2を極限まで小さくし、衝突点でビームを絞ることでルミノシティを上げます。こ
れに入射するビームもまた、それに応じてエミッタンスが小さくなければなりません。電子ビームは新型RF電子銃※1

という新しいタイプの電子発生源を使うことにより、この要求を満足させることができますが、陽電子※23は電子ビー
ムをターゲットに当てたときに発生する電磁シャワーの中から捕獲収集するため、そのエミッタンスは巨大な値になります。
ダンピングリングは、陽電子生成装置で作られた陽電子ビームのエミッタンスを1/50～ 1/500に小さくする装置です。

ダンピングリング※11

●ダンピングリングは電子陽電子線形加速器（入射器）の
途中に設置された周長135 mの小さな蓄積リングです。
陽電子発生装置で作られた陽電子ビームは1.1 GeVま
で加速されたのち専用の入射路を通って、ダンピング
リング（以下ではDRと略記します）に入射されます。入
射されたビームはDRの中で40 ms（入射器の繰り返し
周期の2倍）の間、周回する内にエミッタンスが減衰し、
水平方向のそれは1/50に、垂直方向は1/500になります。
エミッタンスの小さくなったビームはDRから取り出さ
れ、専用の出射路を通って入射器に戻り、4 GeVまで加
速されてLERリングへ向かいます。

●ビームが取り出されるときに充分にエミッタンスが減
衰していることが、まず第一に重要となります。減衰時
間は周長に比例し、放射光※28の放出により失う一周当
たりのエネルギーに反比例するので、できる限り周長を
短く、磁場値の大きい偏向電磁石※15を多数配置するこ

とが求められます。DRの設計では、通常の偏向電磁石
と反対向きの偏向電磁石を組み合わせて配置し、これら
をコンパクトにリングに詰め込むことにより、放射光の
放出により失うエネルギーを大きくする工夫をしていま
す。

●第二に、減衰時間が短くできたとして、充分に減衰し
たときのエミッタンスはリング固有のエミッタンスとほ
ぼ同じになるので、その値が充分小さくなるような光学
設計もまた重要です。

●KEKBで問題になった陽電子ビームに伴う光電子不
安定性は、DRでも問題になり得るので、アンテチェン
バーの採用等、不安定性の閾値を下げる工夫をしていま
す。またコヒーレント放射光によるビーム不安定性を考
慮した設計パラメーターを採用しています。

ライナック　ビームライン（地下トンネル内）	

加速管	

ユニット	
架台	

四極	
電磁石	

Sector 1-5
Tungsten: 𝑟 = 2 [mm],

hole: 𝑟 = 1 [mm].

KEK S-band 進行波加速管

! f = 2856 MHz, λ = 105 mm

! 2π/3-mode (cell length 35mm)

! 54 cells + in/output-coupler

! structure length 〜 2 m

! typical iris diameter 〜 20 mm

! field strength 〜 21 MV/m@34 MW

総研大共通専門科目 加速器概論 RF-II: 電子線形加速器、加速構造（紙谷 琢哉）

T. Kamitani

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 26 / 39
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Appendix
DR overview

DR
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Appendix
Injection system for SuperKEKB

Injection parameters

▶ Baseline injection scheme: betatron
injection

▶ Injection oscillation amplitude: 𝑥0

▶ Elliptic equation: 𝑥2
𝑎𝑖𝛽𝑖

+ 𝑥′2
𝑎𝑖𝛾𝑖

= 1 ⇒ Area: 𝑆𝑖 = 𝜋√𝛽𝑖𝛾𝑖𝑎𝑖 = 𝜋𝑎𝑖
where 𝛽𝑖𝛾𝑖 − 𝛼2

𝑖 ≡ 1 with assumption: 𝛼𝑖 ≡ 0 (𝑖 = R, I)
Storage beam: 𝑥2

𝛽R
+ 𝑥′2

𝛾R
= 𝑎R

Injection beam: (𝑥−𝑥0)2
𝛽I

+ 𝑥′2
𝛾I

= 𝑎I

▶ Injection parameters are optimum at 𝑎R minimum
▶ Minimum 𝑎R is derived when injection aperture is inscribed in the edge of

𝑎R
▶ Solution:

𝑎R = 𝑥2
0𝛽R

𝛽2
R − 𝛽2

I
+ 𝛽R

𝛽I
𝑎I (2)

𝑥0 = 3.5𝜎xR + 𝑤s + 3.0𝜎xI + d𝑥bump
⋆1 + d𝑥slope

⋆2 (3)

( Δ𝑥
Δ𝑥′) = ( 1 0

− 𝛼R
𝛽R

1) (𝑥0
0 ) (4)

⋆1Kicker jitter.
⋆2Including increase of 𝑥 from injection point to top of bump in QI4E or QI6P.
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Appendix
Injection system for SuperKEKB

Acceptance

HER injection acceptance with 𝑤s = 6.0 [mm] Input parameter Value
𝜀𝑥R [nm] 4.6
𝜀𝑥I [nm] 7.3
𝑛R 3.5
𝑛I 3.0
𝑤s [mm] 6.0
𝛽𝑥R [m] 40,80,100

𝛽𝑥I = 22.4 [m]
𝑛R𝜎𝑥R = 2.374 [mm]

𝑛I𝜎𝑥I = 1.213 [mm]
Δ𝑥 = 11.49 [mm]

Δ𝑥′ = 0.911 [mrad]
𝑥inj

R ≤ 28.2 [mm]
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Appendix
Injection system for SuperKEKB

Injection orbit for HER storage/injection beam

20− 10− 0 10 20 30
 [m]z

0.03−

0.025−

0.02−

0.015−

0.01−

0.005−

0

 [m
]

x

) = (0.0, 0, -20.0, 0.0, 0, 3.74100015409e-18)µp, µxInjection orbit for incidence to septum with(

Kickers, Quadrupole magnets, Septa

Bump height ∶ 𝑥inj
R = 28.20 [mm]

Maximum height ∶ 𝑥R = 29.08 [mm]
Tilt at inj. point ∶ 𝜃inj

R = 1.827 [mrad]

5− 0 5 10 15 20 25 30
 [m]z

0.16−

0.14−

0.12−

0.1−

0.08−

0.06−

0.04−

0.02−

0

 [m
]

x

Channel wall

SE1

QI4E

KickerQI5E

BT beam duct

) = (-0.0396897, 0, 0.0, -1.02405788722e-20, 0, 3.74098613783e-18)µp, µxInjection orbit for incidence to septum with(

Effective width 𝑤s = 6.0
Distance to SE1 plate [mm] 4.80
Distance to injection BPM [mm] 4.59
Local maximum in QI4E [mm] 41.04
Injection position 𝑥 [mm] 39.69
Injection angle 𝜃 [mrad] 2.737
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Appendix
Injection system for SuperKEKB

Allowed beam currents with current injection status in 2022b
Updated Apr. 20, Y. Funakoshi, N. Iida
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Appendix
Injection system for SuperKEKB

What is injection?

Injection succeeds if the injection beam is put in the dynamic aperture of the ring.
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Appendix
Injection system for SuperKEKB

What is injection?

Injection succeeds if the injection beam is put in the dynamic aperture of the ring

without any bad effects on stored beam.
“Injection system” aims at the optimum point of phase space in the dynamic aperture.
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Appendix
Injection system for SuperKEKB

What is injection?

Injection succeeds if the injection beam is put in the dynamic aperture of the ring

without any bad effects on stored beam.
“Injection system” aims at the optimum point of phase space in the dynamic aperture.
Betatron injection uses betatron phase space.
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Appendix
Injection system for SuperKEKB

What is injection?

Injection succeeds if the injection beam is put in the dynamic aperture of the ring

without any bad effects on stored beam.
“Injection system” aims at the optimum point of phase space in the dynamic aperture.
Synchrotron injection uses synchrotron phase space.
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Appendix
Modification of vacuum chambers on injection system

Modification of vacuum chambers on injection systemHER入射部変更案-2 2022/4/11 末次

e- Beam

e- Beam

By菊池さん

データを元に作図

Kicker Orbit

Injection Orbit

縦方向に50倍しています。

縦方向に50倍しています。
QI4E center

QI4E center
オレンジ色が隔壁

オレンジ色が隔壁

Ring
BPM

Inj.
BPM

変更案

現状

Kicker Orbit

Injection Orbit

Y. SuetsuguHER入射部変更案-3 2022/4/14 末次

e- Beam

縦方向に50倍しています。

QI4E center

オレンジ色が隔壁

Ring
BPM

Inj.
BPM

Kicker Orbit

Injection Orbit

変更案(改)
Pump ポート無し

QI4E center

オレンジ色が隔壁

Ring
BPM

Inj.
BPM

Kicker Orbit

Injection Orbit

変更案(改)
Pump ポート有り

Pump
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Appendix
Modification of vacuum chambers on injection system

Modification of vacuum chambers on injection system
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HER入射部変更案-3 2022/4/14 末次

e- Beam

縦方向に50倍しています。

QI4E center

オレンジ色が隔壁

Ring
BPM

Inj.
BPM

Kicker Orbit

Injection Orbit

変更案(改)
Pump ポート無し

QI4E center

オレンジ色が隔壁

Ring
BPM

Inj.
BPM

Kicker Orbit

Injection Orbit

変更案(改)
Pump ポート有り

Pump
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イオンポンプとか取り付けられないか？
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HER入射部変更案-2 2022/4/11 末次

e- Beam

e- Beam

By菊池さん

データを元に作図

Kicker Orbit

Injection Orbit

縦方向に50倍しています。

縦方向に50倍しています。
QI4E center

QI4E center
オレンジ色が隔壁

オレンジ色が隔壁

Ring
BPM

Inj.
BPM

変更案

現状

Kicker Orbit

Injection Orbit
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・オレンジ色の線がビームパイプ内壁
・製作はQI4Eチェンバー、Inj. BPMチェンバー、および単管(L76)。下流の⻑いチェンバーは再利⽤。
・入射ビームチャンネルの断面形状はLERに倣う。
・ポンプポートなし
・QI4Eセンターで部分で隔壁1mm(高さ4mm)。チェンバーは半割で製作する。
・Ring BPM中心はstorage beam
・Inj. BPMチェンバーはリング外側に1mmオフセット。チェンバーは半割で製作する。
・Inj. BPMチェンバーのビーム方向位置は、元位置より76mmQI4E側に移動。

e- Beam

縦方向に50倍しています。
QI4E center

オレンジ色が隔壁

Ring
BPM

Inj.
BPM

隔壁1mm部 オフセット1mm部

Kicker Orbit

Injection Orbit
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e- Beam

縦方向に6倍しています。

・オレンジ色の線がビームパイプ内壁
・製作はQI4Eチェンバーおよび単管(L76)のみ。Inj. BPMチェンバー、下流の⻑いチェンバーは再利⽤。
・入射ビームチャンネルの断面形状(上下方向も)は変えない。
・ポンプポートなし
・QI4Eセンターでリング内側に1mmオフセット。チェンバーは半割で製作する。
・Ring BPM中心はstorage beam
・Inj. BPMチェンバーはリング外側に1mmオフセット(2mmでも可)。チェンバーは半割で製作する。
・Inj. BPMチェンバーのビーム方向位置は、元位置より76mmQI4E側に移動。

HER入射部変更案-1 2022/4/6 末次
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