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

[ HER injection septum SE1 upgrade

HER injection septum SE1 upgrade : i it o he e 7o (043,25

rounding

P According to the study on septum width, drive pulse
period and leakage field[1], new SE1 design was
decided.

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

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

Septum conductor

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

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

O By.max 1.9kV
By, <2572 s X 0.9800
—— By,x=3004s X 0.9801
O Byse1 X 1.0254,1.5 kV

P it is worth to try to find more tuning space.

P MR collimator settings are also very important for
.. . . . . 0.0 2.5 5.0 75 10.0 125 15.0 17.5 20.0
injection efficiencies. ximm
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Issue-1: injection efficiency improvement

LAdoption of Libera system for BPM readout

R&D of Libera-SPE BPM system for BT end
S Hardware vigger M. Tawada
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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 ShotlD, which is 32-bit long.
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installed in Fuji-straight of HER, in production for LER.
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Issue-2: emittance growth suppression
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mittance growth suppression

) 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].

Offset bellows
uad Bends \\ Quad

o

beam = .
Side view of offset bcamllm
after

=2mm

15 mm + gt

beam 15 mm beam
’ 15 i v
i Umm 2mm
ﬂmm
k me y” -

Vertical beam position shift in dipole chambers
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P We offset the chambers and
dipoles in Arcl where the
most suspicious region for
the emittance growth,

P horizontal emittance can be
measured at OTR monitor

MSP.8,

P number of offset dipoles:
17.
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Issue-2: emittance growth suppression

L Installation of OTR monitors

Installation of OTR monitors

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.
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Installation of OTR monitors

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

40 nm Al coated 0.5 mm
silicon plate with some

scratch lines for calibration.

Data Piot, Fitting and

WGGWGGG 89101112 o Squsge x 5] 070 gatiress = LE107
S s T "
B g e.z
0 17 o h0te 3
I
g i g 0.15
o 5 ‘ £
z / 20000, o ot \ ;
~ 3000/ I
52000 \, 5" / \ - —
2 \& 5 10000 / -0.260.240.220.2-0.180.1
5 1009 W, 8 ) K: (QMD4E)
PN " E e MSE. 16 By/m = 13.466 759
.5‘ ) 5 3.4 3.6 3/.8 4.2 a5k a, = 1.920 = .037
X/mm mm
ﬂy—4> 0 &,/nm= 12.470 = .185
~ 40
SetK | Meas | Stop File Refit Plot Yy o VBeum=| 170.828 % 2537
File: GC_2024_03_04_17_46_33.8.QMD4E.dat , K(QMD4E) = -.21247 , gy = 1.8114 nClbunch
h : i e 9B 06. 0.4 Buy= 1.065 £+ 1.233

P Emittance measurement is available in many (dispersion free) location in BT.

P Typical resolution: Az ~

Ay ~ 60 pm

m beam size comparable to resolution = upgrades may be necessary for OTR readout.
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CSR direct measurement in Arc 1

Accelerator control network
PC
Laboratoi
Accelerator tunnel Detector rotation

Positron beam mechanism by motor

)
=3
Parallel plate
Viewport 3 Beam @ R |
(Sapphire) 3
3
X . Bedm pipe Bellows of linear
Bending magnet wadCeSc;{eteCtor motion device
or

Cable for high frequency &

Oscilloscope

» BPM signal is used as trigger,

P> detector (with rectangular cross section horn)
azimuth angle variable for polarization measurement
(only +£10° at this time).
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Issue-2: emittance growth suppression

L CSR direct measurement in Arc 1

CSR direct measurement in Arc 1: results

S. Terui et al.

. P Charge squared
Intensity . dependency was seen,

P Issues:

m 180° rotatable system
for clear CSR
polarization
" ; measurement,

Detector azimuth angle (+ 1 0°) m CSR suppression effect
of vertical offset of the
parallel plate,

m detector saturation
occurs for higher bunch

5000 ~4000 ~3000

A Intensity

WWax(v]

ﬂ B e 2" order charge
00z S \ polynomial fitting
LX3 L
oo o U TH
o % — N vS
$ Charge
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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. I\/Iimashi‘

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

Accidental spontaneous firing (LER)

P denoted by ASFs, occurred 10 times in this run 2024a,
P Kl-unmonitored x2, K1-2 x1, K1-3 x7 (K1-3 thyratron replaced on Mar. 19, the removed

thyratron successively caused ASFs during the bench test => thyratron failure.)
P Short term countermeasure ideas:

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

P Long term countermeasure ideas:

m two kickers driven by one thyratron — in search of optics solution,
m changing pulsed power source from thyratrons to semiconductor switch,
m one kicker driven by two thyratrons with a half output currents.

The 27th KEKB Accelerator Review Committee Mar. 26, 2024



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

L 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.

. Kodama, T. Mimashi|
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Issue-4: Machine stabilization
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Issue-4: Machine stabilization

LTemperatur bility improvements of facility cooling water

Temperature stability improvements of facility cooling water

In previous ARC, DR cooling Correlation between the MR facility cooling water temp and vertical

water improvement was reported. angle at IP was observed.
The improvement was continued

for BT and MR.
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Issue-4: Machine stabilization

LTemperature stability improvements of facility cooling water

Temperature stability improvements of facility cooling water

The optimization of the temperature control parameters for the cooling towers and the PID control of
the three-directional valve was carried out.
e . .. Before improvements MR magnets (Fuji, Oho, Tsukuba, Nikko) . Before improvements MR magnet (3M, 6M, 9M, 12M)

| :\WWM\\H ‘,“‘ I

iy
A

BT before improvement

Fluctuation in full width: AT ~ 4°C Fluctuation in full width: AT ~ 4°C
. . . . MLIY? magnets (Fuji, Oho, Tsukuba, Nikko) ~ * —
Fluctuation in full width: AT ~ 2.5°C - ° AR AR
A RO ) S o it il «‘ m o After improvements
. MR magnet (3M, 6M, 9M, 12M)
BT after Improvement luctuation in full width: AT < 1°C Fluctuation in full width: AT < 1°C

MR cooling system consists of 8 cooling towers along the tunnel:

Fuji, Oho, Tsukuba, Nikko, 3M, 6M, 9M, 12M.
Fluctuation in full width: AT < 0.5°C
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Issue-4: Machine stabilization

L BT-SRM

BT-SRM

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

P used for Linac tuning, wakefield minimization.

m It is useful to detect the condition drifted,
since beam size can be measured without any
device inserted in beam line.

P Typical beam size:
0, ~ 0.6 mm, o, ~ 0.9 mm in 2022,

P> it seems larger and unstable in this run.

» BT-SRM@BH1AE (the first dipole in Arc 1)
was fabricated, installation has been
postponed.

§ eceen . \
< 30000 Jd \

1 20000 S
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Summary and future prospect

Summary and future prospect

P Issue-1: injection efficiency improvement
m More tuning space may be found with better HER septum (SE1) calibration,
m MR collimator adjustments are also very important.
P Issue-2: emittance growth suppression
m The cause of emittance growth in BT(et) was not CSR effect and seemed to be the higher order field.

m Core replacement of top/bottom asymmetric poles with symmetric ones will mitigate the problem.
m As for e, the following items may be effective:

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

P Issue-3: countermeasure for ASF of injection kickers

m direct triggering the rest of paired kicker for compensation:
new countermeasure has been proposed.

P Issue-4: Machine stabilization

m temperature stability improvements of facility cooling water: it is very stable now.
m For e~ beam, orbital and energy spread jitters, vertical emittance are larger than the previous run.
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Summary and future prospect

J hank you for your attention.
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Appendix

L Effect of injection beam quality to luminosity

Effect of injection beam quality to luminosity
The luminosity can be written in terms of specific luminosity as:
eSS NENG NE e (1)
where Ny, Ny, fo are the particles/bunch, bunches/ring, and the revolution N, = Ni(o)efﬁ
frequency, respectively. At the equilibrium, N1 must balance with the injector d(eN, Ny fo)
currents Iin; as: * =1 e,
eNt Npfo = ItinjexTs , (2)

where 7+ and e4 are the lifetimes and the injection efficiencies of e* beams.
Then the luminosity is expressed as

g
Ny
The quality of injection beam is vitally important for SuperKEKB.

= I+inj5+1—inj5— ﬁsp o (3)
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Appendix
L Introduction

Layout from origin to MR
* e- beam directly injects into HER:
The injeciton BG is directly affected by the

e+ beam is injected into the LER via DR:
The injection BG is not almost affected by the
condition of RF-gun, LINAC, and BT.

beam condition at upstream of the DR.
Injection Points
\
LINAC < T
1.1GeV Damping Ring (DR) { Beam Transport lin

for positron

+-MSP.15(0TR)

Ecs‘| u

primary e- foré+: Therminic Gun’: .
e-: RF Gun— ; LTR n

/ BC . for e
G SectorB SectorA 7\ . ECS \"
e e 1 v
= e s e e T i " == 2-3

sectorC. Sect%)l'l Sector2 —©* JSector3  Sectord . Sector5 3K §
] N
e¥ target |
Arcl | MSP8(OTR)

BCS: Bunch Compression System' (for e+) |
ECS: Energy Compression System (for e+) Arc0 BT1
BT1 and BT2: Wire scanners(WSs), MSP.8, 15:0TR measure beam emittances.

Mar. 26, 2024
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Appendix
L Introduction

SG
i<e!

Summary of the previous measurements of emittance and -
mismatch(BMAG) in e- BT o ewith WS
® : yex measured with OTR
‘ 1.0~1.1nC ‘ ‘ The measurements should be checked ! | ® : yey measured with OTR
Measured emittance at BTe: MSEvsGE_20210326_ Modiﬁed MSEn | ® ' vy with SRM+gated camera
£ 1
N L . \(\f 7 + (Oare measured in 2021.Mar.26.
& %M}%< e s AA/\:KMZX#WX /QOJMQ(MN‘DC » The others are measured in
I =N M N - 2020.Dec.22.
;‘25: + ; A . i ; i « There are still uncertainties in
ex 200k - wse1b E absolute values because an error
“éum) Tor- BT1 MSE}\ E of the quadrupole strength used in
- ' ha f | ' the Q-scan turned out to give a
BMAGx 3F @ E sizable effect to the measured
s i ° @ ; . values in the study. We plan to
vey 2000 2 i precisely measure the quadrupole
(um) 190 - — /él E errors using the beam.
36F R 3 Fuloannd ) H 5 \\ ® « Anyway, it is considered that;
- ' ' ' : » The horizontal emittance growth
BUAG: R :— [ - ) - . (% 1\ e occurs in the Arcl.
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Optical mismatch fa([;L[ P e The vertical emittance growth
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Appendix

L status

Current status

P Especially 4 GeV e* ring (LER)

s LER HER LER HER performance should be doubled.
No/(bunches/ring) 2345+1 2345+1 > Asfor 7 GeV e~ ring (HER)
Luminosity £/em~%s~! 1 x 103 1x10%° performance, the requirement is
Low /A 208 148 278 1.65 satisfied only on the best condition.
By /mm 0.8 0.8 1 1

0, /mm 6.49 635 7.26 6.51

e /0N 34 148 47 16.9

€inj “ /% 68 17 66 16

Qle!lj x my, %/nC 3x2 2x2 3x2 2x2

pulse @/(nC/pulse) 4.1 0.68 Requirement

Gpulse °/(nC/pulse) (23 0.34-0.65}cievement

ini
¢ Requirement for injection for 25 Hz, Gpulse = eiane an~
b Parameters when maximum luminosity was achieved in 2022.

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

The 27th KEKB Accelerator Review Committee Mar. 26, 2024
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L status

Quest for source of emittance growth

M. Kikuchi

Fixed ¢ (A-2)=4.5

We have investigated for years about emittance growth issue, some sources o
concerning the issue have been found, but they all have not played the main 250
role. Found sources of emittance growth so far: 209

P> transverse wake field by accelerating tubes,

1000)

66|

P higher order dispersion in BT,

L L s
-0.082  -0.001 o 6001 0.002

P radiation excitation in BT, & (ot Linac end)

P> leakage of dispersion to straight section, LINAC end

P jitter emittance,

P> interaction of energy jitter with leakage dispersion,

P> dispersion leakage to ECS accelerating tubes.

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

Electron beam

The 27th KEKB Accelerator Review Committee
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L status

Microbunching

QAF7E . . .
+ Partial cancelation of longitudinal
Longitudinal simulation 2668t : T T T : wake with RF curvature makes
local z-d correlation, thus inducing
« Bunch is compressed in the ARC-1, ARC-2, (and ARC-3) 1460 9 possible micro-bunch in the
¢=(4, 4.5) 1200F t. -  subsequent BT line.
- .
u T T T T v T T 1000[- 4
(S A . - Condition of compression:
s A \ 800 ® -
§ 25
3 A J L o o 1 o — ) = —
: 2 600) Rs6 (02) 1 #)
L | | 400 2ty
= 200f- 3 Since the Rse component varies
E: 4 ” .ﬂ ‘ in wide range from O to -6 m the
i e e, P o oot correlation (g‘j) satisfies the
Saogqes s 8" 0.6 B s -e 4 a 3 e 2 e ! e condition (#) elsewhere in the BT
50 100 150 200 250 300 350 400 450 S (%)

line, if it is greater than 1/6.
k (1/mm)

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

LINAC end

Positive correlation in (z, d) space, R5g < 0,
then BT-line = bunch compressor.

2 ()3
k= \//{ (%) =3.69x10°m™"

0.0 = 0.27mm

2 (mm)

27th KEKB Accele iew Committee
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Emittance measurement with vertical bump orbit

P One of the most important issues for BT-line is to 20
suppress the emittance growth,

P currently CSR is the most suspicious as the cause.

P The CSR shielding effect of vertical beam offset from -20
median plane of beam chamber pointed out qualitatively
by Takeshi Nakamura,

—40

m resulting in the suppression of the emittance growth, 4” —60
P> the measurement performed with electron beam, the
. f tt th t ” b d —80 —F— ¢ = 1.6 nC,QADA4E,1st
suppression of emittance growth actually observed. —F g - 16 2C.QADAE 20d
P It was important to understand the shielding effect in 100 i 4224 2C.OMDGE
. . . q = 1.6 nC,Arc
theory, we derived the scaling factor by reformulation of T =22 nCA
prECEding research [4] o -5 -10 -5 0 5 10 15

Maximum himn height h/mm

m Essential points of the derivation will be explained in this

report. Figure: The result of experiments.

The 27th KEKB Accelerator Review Committee Mar. 26, 2024
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CSR scaling factor

% = 12.0 mm
=140 mm
)

, Yo = 14.0 mm

20000
k/m™!

0 5000 10000 15000

, ¥o = 0.0 mm

Yo =
Yo =
L Yo = 12,
, yo = 14.0 mm

20000
k/m~!

0 5000 10000 15000

0.0 mm
=7.5 mm
=12.0 mm

n:
b:

20000
k/m!

Yo-

5000 10000 15000

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

A’Vl

Super,
P

= sin® [ 20 +30)] (1)

where the symbols denote
items as follows:

mode number,

inner height of chamber
cross section,

vertical offset of beam
from the median plane of
chamber.

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

The 27th KEKB Accelerator Review Committee
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Emittance growth in BT(e™)

ChiSquare = .0623@_ Goodness =
€2 = 2568388 +/- 3.33693
T T

79923
€O = 9861883 +/- 23.8988%

300 BTI

e BTL /E"
g web | L5 /// s P The charge quantity dependence of normalized horizontal emittance
~ - . .
& 200[- /%/ 1 were seen in the previous measurement.
o

/
T
150 /%

9 P Thus we suspected CSR as the source of emittance growth.

S ST A D P Eventually we decided to offset the vacuum chambers vertically to
* &t bunch charge ¢/nC investigate whether the CSR suppression effect also exists in e
beam or not.

CSR charge dependency: ye(q) = Cy + Cag?
P As for the emittance measurement, we modified the screen monitors

ChiSquare = .03088_ Goodness =
@2 =

. 86386
= .BBOED +/- 3.319936 €0 = 4858388 +/- 2166888
T T

o T T from the fluorescence to optical transition radiation (OTR)
s [ | 1] measuring type. (14 screens for BT(e").)
i 40f BT1 4
5 \ I I—
[ e BT2 1
10F 3
e e e

] 0.5 1 1.5 2 2.5 3

bunch charge ¢/nC

The 27th KEKB Accelerator Review Committee
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Vertical bump height dependency of emittance (e™) in Arcl
3 B,E = -0.042% Positron BT Line 202312021 013545 < Normalized Mi tch f tT- Y-U\B"‘Oto
b SOV N S S e ‘ ECS-Es hor. emittance Ismatch 1actor: Bmag
L?’ N 200 2.0
& (kv) O 3nC O 3nC
i 180 o 1nc 1.8 O 1nC
% b Ea— T 1604, x, 1.6
it e O S I I S s L o
S 1 R VLR Fo— S 1440 o0
f : : e s e SRR R SR Q.0
g G 120 12{0 5
i ArcENCBamp- s o
e e e o=ral T T T T T W
Bump height of BTp-Arcl (mm) Bump height of BTp-Arcl (mm)
B bt S b o 200
O 3nC O 3nC
180 O 1nC 1.8 O 1nC
P Bump height & = 0 means no-bump, 375511 x 161
. e Y O g -

P no strong bump height dependency, FuofdTUEBTY S0 2 °
nor clear charge dependency of horizontal 120 12] 00
emittance was observed, 100 . Wl , °

H o H H 0 5 10 15 0 5 10 15
— NO any Slgnlflcant Wakes InCIUdlng CSR /Bump hewghtofBTpfArcl(mm\ Bump height of BTp-Arcl (mm)
Bottom of the Center of the Measurement: 20231223
inner wall chamber

The 27th KEKB Accelerator Review Committee
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Vertical bump height dependency of emittance (e™) in Arc2,3

2.00

. P . T 240 T 3nC o 3nc
1§ Verticalorhit . W( ,,\) )Ww € o S| am ° e
E #{\A/ g £ 150
e e - £ g
K LD, AR I camman mrare &£ 200 g 1
2 3 .
-f Bunch charge I ) &
o't} * * : z - s g 100
emass 5 55 toee: CeotEe 5. 5k B _TF{”'_"VV—W__VWW < 160 5075
5 go
k- G
£
- 140
8 5 050
g 5
T 120 T
E 0.25
5
= 100 000
-10.0 -75 =50 =25 0.0 25 . T T T T T T
Arc2-3 MSP15 Arc2-3 ver. bump orbit height (mm) -100 -7.5 -50 -25 00 25

Arc2-3 ver. bump orbit height (mm)
(OTR) 7

g o 3nc 1 O 3nC
E60 O 1nC D_\ O 1nC
g g 10
P No bump height dependency was observed g T
= No any wake field effects including CSR. £ £ e
m We obtained consistent result in simulation ; g ’
study. Z s
. . g z s
P As for vertical plane, bump height dependency ¢ | o .
-10.0 -75 =50 =25 0.0 25

has been observed, now we are investigating " Arc2-3 ver, bump orbit height (mm) -100 -75 -50 -25 00 25
) Arc2-3 ver. bump orbit height (mm)
the cause of it.

The 27th KEKB Accelerator Review Committee



Appendix @::
<eKs
LComponents ~

Table of contents

Appendix
Effect of injection beam quality to luminosity
Introduction
Status

Components
DC magnets
Pulsed magnets
Kickers
DR pulsed magnets

Beam instrumentations

DR DC magnets

DR overview

Injection system for SuperKEKB

Modification of vacuum chambers on injection system
References

The 27th KEKB Accelerator Review Committee Mar. 26, 2024



L Components

DC magnets for BT

Numbers of BT magnets

I I e T
59 51 26 17 153

Electron
Positron 58 61 31 19 169
Bending magnets of BT Electron Line Bending magnets of BT Positron Line
ST i e T

SY3 5 2000 130 141.8 SY3 1 1500 112 162.5

ARCO 5 2000 130 140.8 ARCO 5 1000 112 200.6

ARC1 20 2000 112 156.6 ARC1 20 1000 112 182.2

ARC2 9 2000 112 14.7.7 Vline 2 1000 96 140.8

ARC3 10 2200 112 150.6 ARC2 7 1200 112 164.3

Slope 4 1800 104 154.0 ARC3 11 2000 112 175.9

ARC4 11 1780 84 147.0 Slope 2 1800 112 213.3
ARC4 10 1780 84 114.5

The 27th KEKB Accelerator Review Committee
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[ Components

W B £l Seuings Window 2022-05:18 07:54:57 telp v W Ele Edi Setings Window 2022051 07:55:01Help +
orit [ Save & Load. orit | Save & Load.
& OE = 0.047% Posltron BT Llne 2022/05/18 07:55:01 ~ & EleCtron BT Llne No Beam 2022/05/18 07:55:01 v
&5 - /\ AvaN AN RN i
: AL A »\ A +
% L - ~ 7 ~ s —
< " A —3 °
£ “\.AW S et S0 vf*‘*-‘wa/\/"w'\wv\\ ~ 5 S N \‘;/*W.‘ﬂ = res .‘Y,/-’\\ 4
ol v ol v
13 - ] e — P L B L ST e l E I IS S S L SO M R iF
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P RSB RRRR R <M‘.M.M‘«".-...‘»v\ S o S ESUNLEMBEL BRI SLIERSU SIS IR
& \ x/ v o \/ v
» . . , , . . , . o
i — e T TY LU TECooironRl = P S e v == I BT ] 2
% f B 55 5 LR A=y v % v 2 E
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e W%Hﬂﬁ%%4+%HWWWWW%WWWWﬂ%WWWWP% ﬂ*‘% Mﬁh%‘ﬁ%ﬁ%ﬁ4ﬁ4wqmﬁﬂ%ﬁﬂﬂmﬁw\ﬂm
= @ 200000092 2 2 2 2 o sagmesoeeose 8 2 ¢ gpeppesos cosaooon sepsos
EEEEnii : RRLG R R e
Gold=2022 5 & 145015255a ABdhZTmcs SPGMDISP K268 (nC) Transmison = 9142 Gold=2022 4 28 02114208 3ERSETs SAGVDIGE 1122 (1) Transmison = 735 02
Mo » HH««o)r»
Srcn#1 | Mess WRer WGk MM-R MG A SRl w6 Gew | MRS ARG Fie-r G| e i - ie| Srcnsl | Vess WRer WGk MM-R MG RSl w6 Gew | |M-R| 5|6 Fie-r | e i - ie]
Sa msw o0 Usal | PS8 T r———— Ta Wew GO0 wom |Sew  CBd T =
Cotadt | = ta- et Seen | v Bacien sioppac | oy 9o [ Tokrece: (0T (RE8 merr ‘ Cotat | = ta- et Seen | v Bacen sippac |y 9o [ Tokrece: (0T (RERL merr
BHIP_IS 1] ] BHaE_10_11 | [ ]
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L Components
DC magnets for DR/LTR/RTL
DR Magnets
o [ 1o 1o [
Ring 78 84 74 4 2 242 Damping Ring
i
LTR/RTL 17 42 2 22 13 169 >
— e
Bend magnets of DR Bend magnets of LTR/RTL
m Length [m“ﬂ m M
B1 32 690 16 802.0 LTR 2 650 60 419.1
B2 38 230 16 741.7 RTL 6 650 28 435.7
B3 4 334 16 668.7 sy2 9 1000 54 369.2
B4 4 420 16 666.9

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

The 27th KEKB Accelerator Review Committee
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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

Mar. 26, 2024

The 27th KEKB Accelerator Review Committee
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MR injection septa

Schematic cross section of SuperKEKB HER septum

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

The 27th KEKB Accelerator Review Committee
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Parameters

Table 1: Parameters of the kicker magnet

Number of kicker magnets 6

Ferrite core length (mm) 225
Ferrite core gap (mm) 90
length of ceramic 420

Ti coating thickness (um) 6 (Design)
Peak magnetic field (Gauss) (500
Peak current (A) 2000
Peak voltage (kV) 35

Time jitter (nsec) 2-3
Repetition rate (Hz) 50

Rise time (usec) 1

Fall time (usec) 1
Current shape Half sine
Peak current stability (%) <0.1

NnN—F

LER1: 34, LER2: 35
HER3: 374, HER4 : 35

Bk
LERL : = 16 kV, LER2 : = 12 kV
HER3 : = 15 kV, HER4 : = 20 kv

MR b > L1278 > TKicker1(LER) -> Kicker2(LER) -> Kicker3(HER) -> Kicker4(HER)

Optics

AFE—LZFICESH %K, ARE—-LZEICHSFZKQEER.

LER Kicker : K1(LER Kicker1),

HER Kicker  K1(HER Kicker4),

K2(LER Kicker2)
K2(HER Kicker3).



HER Kicker

HER Kicker2
(N—FDEE : K3)

HER Kickerl |
(/N—FDEZ : K4)

HER Kickerl
(IN—FDEZ : K4)




LER Kicker




MR Abort Kicker



Purpose

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

(a) 201807-14-102243 (b)

2018-07-14-10-22-43
E T T T T
e e e I ) ]
o < b 4
> -1sf 4
>

sk 4

" i 7oA
Zo.6f =
3
So ol ensrasdR e
0.2 = 25 3|
L | L | L L I L I
2000 4090 6000 6000 10000 18 £ © 5 10
Time(ns) X (mm)

Figure 14.21: (a) The horizontal axis shows the time from the abort trigger. The vertical
axes show the horizontal /vertical bunch position, and the bunch current. (b) Two-dimensional
position plots are shown. The origin is the center of the BPM chamber. The gray points show
the reference plots aborted manually.



Magnet Parameters

Table 14.5: Parameters of kicker and pulsed quadrupole magnets

HER-H LER-Quad
BorB 23(mT) 1.4(T/m)
BL or B'L 63(mTm) 0.96(T)
No. of Turns (coil) 1 1
Core Length (mm) | 350 x 8 350 x2
Gap (mm) 70 70 (Bore radius)
No. of coils 4 2




overVieW Of HER Abort Svstem Chapter 14 Safety System, SuperKEKB Design Report

QXSRE o - E
a
3
3 H
]
o | % g E .
23 & 55 |
8§ 8% v=
R % E
=< Ti Window —1_ | :
m Horizonta Kicker 001, ;
orbit ’ i
oo ___ Kisker 00 !

?

Abort Sextupole Abort BENC

Figure 14.10: The schematic layout of the HER abort system. The horizontal axis shows the
position along the electron beam. The transverse orbits at abort system region are shown.
The stored beam passes the center of the abort sextupole. On the other hand, the aborted

beam passes off-center of the sextupole magnet. \
|

§ H Abort BPM
[
<\




. Chapter 14 Safety System, Si KEKB D R t
Overview of LER Abort system ey e e e e

L Lambertson Sep
Horizonlal & Vertical BeamPOrbil (Extraction Beam)

=
s

2
5 18P QSIFLP QSBFLP
1 8 % i
i I
& Eé ,:E =] L—T].- .§ % Pirectio
4 2
JULA 4!
S
LER Beam I \‘
| U |
10m
Horizontal Beam Size (Extraction Beam)
QuP Qisp QI6P S QP QISP QSIFLP QSBFLP
2 3% - —
H 2 || 38 tom
if £x || 5%
£ g =2 ’%
\ | | By 0.5mm
\‘/_\1’ I
LER Beam I \_
1)
10m

Figure 14.14: Configuration of the LER abort system.. The horizontal axis is the distance
along the positron beam. The transverse orbits at abort region are shown.




Damping Ring (Inj. & Ext. pulse magnets)

1.1 GeV Damping Ring

/ ___— Inj. Kicker Magnets
Ext. Septum Magnet | —

J —— Inj. Septum Magnet

Positron Target

/ Linac

Ll

Sector-1 Sector-2 E'E Sector-3



Design Parameters for DR septum magnets

Deflection angle (mrad)

No. of magnets

Peak magnetic field (T)
Septum thickness (mm)
Core length (m)

Magnet field aperture (mm)
Max. peak current (A)

Pulse width (us)

Repetition (Hz)

0.8

74(W)x24(H)

8000

234 (fill-sine wave)
50

In-vacuum

104

1

0.477

10.5

0.8

100(W)x30(H)
12500

216 (full-sine wave)
50

Out vacuum



DR septum magnets

B o —— = 1 ]

Inj. septum magnet Ext. septum magnet Output current of ext. septum



Design Parameters for DR kicker magnets

Deflection angle (mrad)
No. of magnets

Peak field (T)

Magnet core length (m)
Magnet inductance (uH)
Peak current (A)

Pulse width (ns)

Rise time & Fall time (ns)
Timing jitter (ns)

Frequency repetition

5.2

2

0.04

0.24

0.8

1708

300 (half-sine wave)
<100

<1.4

50

4.7

2

0.036

0.24

0.8

1546

300 (half-sine wave)
<100

<1.4

50



DR kicker magnets

DR inj. kickers

Output Current[Ap]

400 300 200 100 0 100 200 300 400 500 600 700 500 900 1000

OUTPUT CURRENT FORM CT(PEARSON 110) Time[ns]
@Magnetic SW Tank
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L—Beam instrumentations

Beam instrumentations

Beam position monitors (BPM)
Screen monitors

Wire scanners
Measuring emittance

Beam collimators
Setting transverse/energy acceptance cutoff

Beam shutters

vV VvV VvVvVvVYy

The 27th KEKB Accelerator Review Committee



eam instrumentations

Wire scanners
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= Beam instrumentations

Wire scanners
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umentations —

OTR screen monitor

T. Mori (BT) The 27th KEKB Accelerator Review Committee Mar. 26, 2024 22/39
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Beam instrumentations

OTR screen monitor

MSE15

SMa:0.478, mu-8.122, h:7.2e+004, ofset:1.49e+004, Int:3.926+005 Sma:0.857, mu:-0.652, hid.55e+

04, ofset:1 444004, Int:-3.94e+005

Horizontal

Vertical

|
{4
4
i
Fiy
Joi\

iz K B

x [mm]

13
. Mori (BT)

The 27th KEKB Accelerator Review Committee



DC magnets for DR/LTR/RTL

DR LTR/RTL
14 BCIE 50 1000 4240 2
No. | magnet type | Bore or Gap | length | weight | used
15 BC2E 25 1220 | 2800 2
[mm]| [mm]| [kg] )
- 16 BLN 50 650 1410 5
1 B1 46 690 1850 32 .
2 B2 46 230 750 | 38 17 BRXN 50 500 620 !
3 B3 46 334 1000 4 18 BS 28 0 820 8
19 QLN1 98 400 1061 3
4 B4 46 420 1200 4
20 QLN2 98 400 1061 5
5 QM(F) 46 200 210 37
21 QLS 64 350 765 7
6 QM(D) 46 200 210 37
22 QMN 48 250 700 12
7 QRF 110 369 1000 3 .
23 QMS 30 200 300 13
8 QRD 60 287 400 7
_ 24 QRN 39 340 140 2
9 SX 70 75 135 75
25 SFS 84 100 180 2
10 STV_C 60 100 56 3
26 StH56 100 150 75 2
11 STH_H 120 100 82 1 )
. 27 StHerH 30 283 - 12
12 STH_H1 60 100 101 1
- 28 StHerV 80 283 - 14
13 STH_H2 124 100 110 1
= 29 StV128 180 150 120 5
30 StV56 100 150 75 2

B2: “Reverse bend"s which make radiation damping time shorter with weak bending field.

The 27th KEKB Accelerator Review Committee
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[ DR DC magnets

Coil parameters,

m;(,,ulm E]r I 1 m agl IlXEh ntcosll

Correction coil
peak | peak | Numberof | Nominal | Number of | peak | peak | Numberof | Nominal | Number of
voltage | current | turns per | Ampere Turns | coils | voltage | current | tuns | Ampere Turns | coils
v] [A] | coil [T] | per coil [AT] | per maguet | |V] [A] | per coil [T] | per coil[AT| | per maguet
1 Bl 155 | 900 16 14100 2 16 [ 30 300 2
2 B2 94 | 880 16 14080 2 26 77 39 300 2
3 B3 9.7 | 800 16 12800 : 3.2 7 39 300 2
4 B4 109 | 800 16 12800 2 34 w7 39 300 2
5| QuE) 5.2 330 16 5280 4 0.6 5.0 10 50 4
6| Qu) 38 | 2475 16 3960 1 0.6 5.0 10 50 1
7 QRF 11.3 500 25 12500 4 12 10.0 12 120 4
8 QRD 19 | 300 16 4800 4 07 | 100 10 100 4
9 SX 5.0 150 20 3000 6 25 | 100 50 500 6
10| STV._C 08 10 52 520 2 - - - - -
1| STH_H 2.2 10 86 860 2 - - - - -
12| STH HI | 16 10 52 520 2 - - - - -
13| STH H2 | 34 10 137 1370 2 - - - -
14 BCIE 23.0 498 54 26802 2 1.8 10.0 30 300 2
15| BC2E 253 | 450 20 36000 2 110 | 50 144 720 2
16 BLN 196 | 468 60 28080 2 24 | 100 30 300 2
17 BRN 10.2 468 44 20592 2 2.0 10.0 30 300 2
18 BS 78 | 468 23 13104 2 26 | 100 30 300 2
19| QLN - 80 110 8800 4 - - - - -
20| QLN2 - 80 110 8800 4 - - - - -
21 QLS 8.0 40 80 3200 4 - - - - -
2|  QMN 8.0 37 110 14070 4 - - - - -
23| QMS 10 21 80 1680 4 - - - - -
2 QRN 14 25 0 1750 4 - - - - -
2 SFS 3.0 10 50 500 6 - - - - -
2 | StH36 10 5 110 550 2 - - - - -
27 | StHerll 25.0 5 648 3240 2 - - - - -
28 StHerV 25.0 5 648 3240 2 - - - - -
2 | StV 120 5 250 1250 2 - - - - -
30 | Sivs6 40 5 110 550 2 - - - - -
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DR DC magnets

Linac introduction

Linac Tunnel
SY3 West

R-sector B-sector  A-sector Al=Gup
e PF-BT
-AS-Gun —1 - AR-BT
F— - — LER-BT1/ BT2/ BT3/ BT4
C-sector 1-sector 2-sector 4-sector 5-sector SY3 East HER-BT1/ BT2/ BT3/ BT4
® f=2856 MHz, A =105 mm
® 27t /3-mode (cell length 35mm)
® 54 cells + in/output—coupler L o~ I W Beam Positron  Electron
® structure length ~ 2 m e ol catasco 6y 10015 0020 m
® typical iris diametsr ~ 20 mm —3v-34°% L Energy spread 016 007 %
® field strength ~ 21 MV/m@34 MW : ) :‘::’“‘:I‘ ;Illx.v‘:j:v\/pm«" q’ ; ne
Repetition rate 50 1z
Sector 1-5
Tungsten: r =2 [mm)],

hole: 7= 1 [mm].
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L-DR overview

DR

Feedback
Inj. kicker Inj. septum / monitor & kicker -
e UTR
e S,
s R a
[‘f' North straight section %\
{ (~8m) N
{ ¥ .
i | Westarc section | ¥ Eastarcsection
- 1 (~57 m) 1 (~61m)
LS }
LY . . )
i, Ext.kicker South straight sectlon!
, =
&‘N {~4 m)
"""""mﬁrﬁ"“f*n“ “‘“"“" TR
RF SeCtIO\E\ SR monitor
(+5m)  Ext. septum | Lol vt

10 20 30

Energy 1.1
No. of bunch trains 2

No. of bunches / train 2
Circumference 135.49829
Max. stored current 70.8
Energy loss / turn 0.091
Hor. damping time 10.87
Inj.-beam emittance 1400
Emittance (h/v) 42.6/2.13
Energy spread 5.5x107*
Coupling 5
Extracted emittance (h/v)  43.5/3.15
Cavity voltage 0.5 1.4

Bucket height 0.8 1.5

Synchrotron tune 0.0153 0.0261

Bunch-length 11.18  6.56
Phase advance/cell (h/v)  64.39 /64.64
Momentum compaction 0.0143
Bend-angle ratio 0.35
No. of normal-cells 40

RF frequency 509
Chamber diameter (h/v) 34/24

GeV

m
mA
MV
ms
nm

nm

%
nm
MV
%

mm

deg

MHz

mm

Mori (BT)
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L Injection system for SuperKEKB

Injection parameters

Ring acceptance:ar
to be minimized

Stored beam
3.50,

Wall of injection system

Zo

P> Baseline injection scheme: betatron
injection

P Injection oscillation amplitude: x

P Elliptic equation: % + :;jl =1 = Area: S; = m\/B;v;a; = 7a,;
where 8;v; — a? = 1 with assumption: a; =0 (i = R, 1)

Loa? 2’2
Storage beam: ot in T or

_ 2
Injection beam: %

2
T
I—=a
T I
P> Injection parameters are optimum at agr minimum

P Minimum ap is derived when injection aperture is inscribed in the edge of

ar
P Solution:
2
x5 0R Br
AR = —5——> + 5-a (2)
R -pE B
g = 3.504R + wg +3.00,g + dmbump*1 + dmslope*2 (3)

(57)= (s D) (%) ®

*IKicker jitter.

*2|ncluding increase of  from injection point to top of bump in QI4E or QI6P.

T. Mori (BT)
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[ Injection system for SuperKEKB

Acceptance
HER injection acceptance with w, = 6.0 [mm)] Input parameter Value
T O¥r €,r |nm| 4.6
% F €p1 [nm] 7.3
L
3 ny 3.0
H " wg [mm)] 6.0
25: // Ber [m] 40,80,100
T — —
r - nRozRr = 2.374 [mm]
N \ " nyo, = 1.213 [mm]
150 Az =11.49 [mm]
%0 B"[':]?u Az’ =0.911 [mrad]
zR’ < 28.2 [mm]
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[ Injection system for SuperKEKB

Injection orbit for HER storage/injection beam

F £ F
< of- - < of e
r E L
£ -0.02 e
-0.005[— £
E _0'04, yChamelwalll o5 Kicker
-0.01~ 006 e
-0.015[— -0.08— /; i
E -0.1F
-0.02— E /
F -0.12}-
~0.025 o1a £ /
—o.osf ,0_15: ]’ BT heam.duct
R b b
z[m] z [m]
Kickers, Quadrupole magnets, Septa Effective width wy = 6.0
Distance to SE1 plate [mm] 4.80
Distance to injection BPM [mm]| 4.59
inj Local maximum in QI4E [mm)] 41.04
; . inj _
Bump height : og’ = 28.20 [mm] Injection position x [mm)] 39.69
Maximum height : zR = 29.08 [mm] Injection angle 6 [mrad] 2.737
Tilt at inj. point : O =1.827 [mrad]

The 27th KEKB Accelerator Review Committee



Appendix

[ Injection system for SuperKEKB

Allowed beam currents with current injection status in 2022b

‘Updated Apr. 20, Y. Funakoshi, N. Iida‘

LER  Assumed &,=60% HER Assumed &,;=56%
g ST T T T T T T -85 T T
ne’e X978 1130C/s ~ 1.04nC x 12.5Hz
S = S'°T ~0.52nC x 2bunch x 12.5Hz 7]
— | —- P
©
5, - P 5 s |
= - | 5 d |
3 - 1 g - |
=) —~ 1.375 | ) P11
Mo | I | { | 1| = H gl | [
0.2 0.4 0.6 0.8 1 1.2 1.4 0.2 0.4 0.6 0.8 1 1.2 1.4
Itotal [A] Itotal [A]

Ishibashi-san’s plan

It is assumed that the beam
Plan A day wk  num_bunch 1+ [mA] - [mAl lifetimes are inversely proportional
to the bunch currents.

2022/6/30 & 1957 1375 1100 h . .
Plan A will be able to realized, if
Plan B day wk  num_bunch I+ [mA] I- [mA] current injections can be kept.
2022/6/30 E 1761 1250 1000
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(-

Injection system for SuperKEKB

What is injection?

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

Touschek Lifetime: 595.8 sec Touschek Lifetime: 606.2 sec
T T T T T T T T T T
(a) LER (b) HER

Horizontal position
Ax/ay
Horizontal position

3
5/, 5/,
Energy difference Energy difference

Figure 4.12: Dynamic aperture. (a) LER, (b) HER. Touschek lifetime is estimated by
the dynamic aperture. Red line indicates (140, %,0) = (0,0) for the initial phase and

green line indicates that the initial phase is (Y0, ¥yo) = (7/2,7/2).
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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

Touschek Lifetime: 595.8 sec Touschek Lifetime: 606.2 sec
T T T T T T T T T

T
(a) LER (b) HER
o

a0f- o, B

Ax/oy
1
|

20f-

Horizontal position
Ax/ 0y
T

Horizontal position

8/, 5/0,
Energy difference Energy difference

Figure 4.12: Dynamic aperture. (a) LER, (b) HER. Touschek lifetime is estimated by

the dynamic aperture. Red line indicates (v40,%,0) = (0,0) for the initial phase and

green line indicates that the initial phase is (¢s0,1y0) = (7/2,7/2).
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

Touschek Lifetime: 595.8 sec Touschek Lifetime: 606.2 sec
T T T T T T T T T T
(a) LER o (b) HER

a0f- o, B

Horizontal position
Ax/ay
Horizontal position

E 5
8/0 s a4
Energy difference Energy difference

Figure 4.12: Dynamic aperture. (a) LER, (b) HER. Touschek lifetime is estimated by
the dynamic aperture. Red line indicates (v40,%0) = (0,0) for the initial phase and

green line indicates that the initial phase is (¢s0,1y0) = (7/2,7/2).
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

Touschek Lifetime: 595.8 sec Touschek Lifetime: 606.2 sec
T T T T T T T T T T
(a) LER o (b) HER

a0f- o, B

Horizontal position
Ax/ay
Horizontal position

E 5
8/0s CA
Energy difference Energy difference

Figure 4.12: Dynamic aperture. (a) LER, (b) HER. Touschek lifetime is estimated by
the dynamic aperture. Red line indicates (v40,%0) = (0,0) for the initial phase and

green line indicates that the initial phase is (¢s0,1y0) = (7/2,7/2).
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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[ Modification of vacuum chambers on injection system

Modification of vacuum chambers on injection system

HEAEICE0EL TLWET,

e- Beam

Injection Orbit

= KBe, EmitxI n = 1E-4, Septum pos = 36.65,

By®tE A

Kxckgr - hgt = 29.85, Weff = 2.11, BetaxI = 35.2, 2Jmax = 6.32E-7

Ly T T T T
-0.028f \—// 4
-0.03F 12

-0.032

-0.034 l MAA 3
-0.036[—

-0.038 /\_/ -

Mori (BT)

e- Beam

325

PAEES G

Pump R— MEL

QI4E center

L OEhREE

Kicker Orbit

Injection Orbit
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[ Modification of vacuum chambers on injection system

Modification of vacuum chambers on injection system
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Back up
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Injection orbit of the electron beam

Injection
Point

SE1

.

: 8.56
(]
]
N
N
<
27.37
2
vl
f

2

QI4E

chamber center

28.85

(unit in mm and mrad)

2022/2/4 %;

Injection
BPM

27.00

kicker bump

28.28

injected beam

(s, Pas) 3
(2]

Kicker height and septum position

(zx, per) = (28, —1.814)
(s, pzs) = (38, —2.607)

o,z =0.7
0, =048

(g4 =100 um, py=32m)

39.264,

37.35
36.86

beam channel

xxxx  Orbit from the camber center
yy.yy Camber dimensions
zz.zz  Orbit clearance from chamber wall
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