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1. SuperKEKB Injection status

Injection limits luminosity
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M. Satoh, Y. Seimiya, and T. Yoshimoto, KEK, Ibaraki, Japan
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Table 1: Beam Parameters for a Luminosity of| 1x1033/cm?s; eJrepJrev bi

* . . .
denotes the values at the interaction point. ..
P where Riyj, Riosss Qe freps Jrev» and ny; denote the injection

Parameters LER HER LER HER rate [A/s], loss rate [A/s], bunch charge of the injected
bunches/ring 234541 2345+1 beam [C], repetition rate of the injection [Hz], revolution
Luminosity [/cm2s] 1 x 1035 1x1035 frequency of the ring (~100 kHz), and number of bunches
Fisiar [A] 208 148 2.78 1.65 per a pulse of the LINAC (2 bunches in maximum). The
By [mm] 0.8 0.8 1 1 Riyj/Ryoss are measured with a DCCT every second during
o, [mm] 6.49 635 7.26 6.51 the injection/decay time. Tablel summarizes required pa-
Tbeam [min.] 34 148 47 16.9 rameters to achieve the target luminosity. Table 1 also
€1q) * [%0] 68 17 66 16 shows the maximum injection rates when the new lumi-
¢! x ny; @ [nC] 320 2x2 3x2 2x2 _ nosity record was achieved. For the LER, rinjb=2.3 nC/pulse
rinj  [nC/pulse] 4.1 0.68 | 4.0 0.64 |<required

was much lower than the requirement, r;;“=4.0 nC/pulse.
For the HER, rjy; b=0.65 nC/pulse was achieved, which satis-
fies the requirement of r;,;*=0.64 nC/pulse, but it may drop

ing b [nC/pulse] 2.6 0.69 [<achieved
/‘ (/=0.51x1035)

“ Requirement for injection for 25 Hz, ry; \’_/emJQenb,

b Parameters when maximum luminosity was achieved in/ 2024 autumn run. rinjb=0.34 nC/pulse due to unstableness in a few days or
Even achieved value looks higher than the requwed hours. This can be recovered by tuning, but it is difficult to

the ¢;,; at 1x10% can be degraded due to higher current, higher maintain the maximum efficiency. This section discusses
bunch current, higher collimation, stronger beam-beam.
We can not relax.

Two-bunch operation(two bunches in one linac pulse) has been done at LER in 2024 autumn run.



SuperKEKB injection

« Currently, the highest luminosity achieved by SuperKEKB is only
0.51x103* [/em?/s], and the HV of Belle Il is off.

* |t will not be easy to achieve the design luminosity of 6.5x103° [/cm2/s],
even the next milestone of 1x103° [/em2/s].

 There are many reasons why luminosity may not be produced, but poor
injection is one of the biggest factors that hinders luminosity growth.

 The causes of low injection efficiency are also varied:

The emittance growth of the injection beam (all for e-, e+, horizontal, vertical)
Lower injection efficiency at high bunch current

A narrower dynamic aperture of the ring than the design

Reduced dynamic aperture (especially for the injection beam) due to QCS cancel
coil error
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Detailed Analysis at Peak Luminosity T. Yoshimoto
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2024/12/27 JST

Potential solutions for higher inj. power:
LER: 1) higher raw inj. efficiencies (Max.: ~1.6x),
HER: 1) stable two-bunch injection (Max.: ~2Xx),

SuperKEKB injection status and
issues, N. lida

00™ 15™ 30™ 45™ 00™ 15™ 30™ 45™ 007
2024/12/27 ST

2) higher bunch charge 3 nC -> 4 nC, 3) higher. rep. rate: 15 => 23Hz (Max.: ~1.53x)

2) higher raw inj. efficiency (Max.: ~1.8x), 3) higher bunch charge > 2 nC (?)
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CO nte ntS Schematic layout of SuperKEKB

Belle |l detector

e e- injection issues and plan
* e+ Injection
 collider rings

Injector Linac

/

Positron
damping ring
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L ayout of Injector
Linac and BT (Beam Transport line)

Emittance
measurements
1.1GeV
e+ DR
&
« Thermionic gun for LER, PF -
. RFegrLTnlofrclerHgF? " ) LlnaC ,.&\QQQQQ@
RTL LTR <& Arc4
X v 3CS ECS \(\\Q’*\i" Slope
( — ECS N
> > | Arc3
180° 1@ Sect.? Sect.3 to Sect.b Arc?
J-ARC Positron target Arc0
with a hole for e- beam BT
— e- for HER, and primary e- for LER Arcl
— e- for HER and e+ for LER with the same beam pipe in Linac
- o+ for LER
- o- for HER There are 5 arcs in the BT, which can be the source of
— ¢- and e+ pipes with two-story structure emittance blowups for both e- and e+ lines.
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Linac Layout

Four rings share 50 Hz beam from injector

60 klystron units

240 accelerating structures (S-band 2-m-long)

Energy Knob

Thermionic gun

=t .:.; E.i Photocathode

RF gun

_________

“xg
}1 1 GeV e+
#+ e+DR /Damping Ring

M .Satoh

* Two electron sources:
RF gun: HER injection
Thermionic DC gun: LER, PF, PF-AR
* Sector 3-5:
All magnets are pulsed magnets.
Continuous orbit feedback
- DC magnet settings are same for different
beam mode
* Simultaneous top up injection for SuperKEKB
and light sources since 2018
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Beam energy variation for each beam mode along the beam line after J-ARC




Injection point

-mittance measurements in B1 ‘or HER

Emittance blowups in 2024c (autumn run)
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e- injection issues and plan

Emittance growth in the BT

Newly installed ECS in the BT

Synchrotron injection

Correction of QCS cancel coil error in the HER

=~ W=

SuperKEKB injection status and
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The injection particles lost in first 50 turns originate from the edges of the transverse bunch distributions — related to the injection efficiency
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Mainly, the vertical edges of the injected positrons are lost.



1. emittance growth in e- BT

HER

e- Measured emittance in BT, Bunch charge,

Injection efficiency, and parameters in HER
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12/1 12/11 12/21

Bx*=80mm
to 60mm

yexlum]  39.2£9.6  142+37

yey[um] 42577 13622

horizontal and vertical planes.

estimated as:

There are large emittance growth through the BT line in the
« The sources of horizontal emittance blowup in BT are
1. ISR(Incoherent Synchrotron Radiation): ~50 um

2. CSR(Coherent Synchrotron Radiation): ~20 um(2 nC)
e yex=40 pm(BT1) to 110 um(BT2) has been understood.

« However, the vertical blowup has been still mystery.
« Unexpected multipole magnetic fields exist, which

might be the blowup source.

(The vertical bump orbit makes the horizontal orbit in

the Arcl of e- BT.)
e BT
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Measured unexpected X-Y couplings in BT Arcs
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There

might exist something wrong near QAD4E...



{

Arrangement around QADAE & i e e

We need to simulate about this.
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More emittance blowup with ECS optics, or 3nC

« Setting ECS optics (R56~-0.7m in BT Arc0) without RF
often enlarges the horizontal and vertical emittances.

Increasing e- charge from 2.2 nC to 3 nC also enlarges
the emittances as well, probably due to transverse wake.

However, the measured emittances in BT1 don’t increase

at all for the both cases, which is very mysterious.

Measured emittances at BT2 in 2024c

Measured vertical emittance at BT2(MSE. 16)

2.2nC
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2.2nC

BT2

OTRscreen ____,
(MSE.16)

SRM profiles change

The vertical beam size blowup is also monitored at two SRMs in the BT.

SRM-0 (entr. Arcl) SRM-1 (entr. Arc3)
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2.2nC

RM protfiles change by Rx¢ . |
though it became slightly

While observing SRM-1, the orbit and SB35 were scanned. smaller, didn't recover to the
original size.
Changed the orbit in ArcO
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Changed the RF phase of sector 3-5 in Linac

18:27:02
SB_3 (KBE) 92.0°, SB_4 (KBE) 93.1°, SB_5 (KBE) 95.1° g
SB 3~5(KBE) TTAE — -1° — -2° — 40° — +1° — +2)—_. +3° 5 +4° — +5° s :

quar

83 Goodness = .00000 ChiSquare = 2202.51 Goodness = .00060
) = 37152 9 +/- 3.45409
- .01833

= 6960. .
c1 = -215.43 +/- 13.1948

L1gntT LeveL (arpitrary unit)

I
Bl
s
o
2 6 8 -
-
X/mm £ 15000 .
>
210000 3
- d
o
£ so00f : . ‘
J -4 -2 (¢] 2 4
X/mm y/mm
Stop File Refit Plot Zoom ‘ v On

File: GC_2024_12 24 21 29 25.1.QTF1E.dat, K(QXF1E) =.15961319132513485 , 157: 0.0 nC/bunch

[Shoot] Waiting for trigger...



2.2nC

No emittance growth
in BT1T WS

R56=-0.67 m
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However, the measured emittances in
BT1 did not increase so much.
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BT Study — e~ Beam in May-June in 2025

Emittance Blowup Due to Large R56 Optics for ECS and 3 nC Beams

* 3 nC electron beams were successfully transported through the BT line with small
emlttance) up to BT1. However, the emittance increased significantly after BT-Arc1 (OTR
“MSE.107).

- No data obtained at BT2, which is located after the BT beam dump, since the beam
operation was in dump mode.

* A double-peak structure was observed at the OTR screen in the large R56 optics or 3 nC;
attributed to wakefields and energy spread tuning.

- The R56 in the ArcO changed from -0.11 m to -0.7 m for ECS, with the RF turned off 7™ ——=1= 10 Arc3
during this study. ’

BT2

OTRscreen
(MSE.16)

- The “double-peak” structure is a newly observed phenomenon in this study.
- The presence of a double peak effectively results in emittance blowup.
* Beam studies with the Linac-mode were done to find orbit settings that suppress this

blowup[A2].
[Y. Seimiya et al]

MSE.10 MSE.10 MSE.10 MSE.10 MSE.10(n,~0 m)

(2024c, Ref.) (2025b) (2025b) (2025b) (2025b)

2,3nC 2 nC 2nC 3nC 3nC 3nC =
R56 [m] -0.11, -0.7 -0.11 -0.7 -0.11 -0.7 -0.7
w bump w/0 bump
yex [um] 30-40 300 210-337 342 333
vey [um]  30-40 107 90-106 158 170

SuperKEKB injection status and
issues. N. lida 2024c: Oct-Dec, 2024 2025b: May-June, 2025




The result of tracking simulation

from RF-gun(Wake ON)

At the end of sector A

A$(RF phase in sector A)=-3 deg

0.5

x' [mrad]
o

0

0 2 4 6
x[mm]

SuperKEKB injection status and

issues, N. lida

x' [mrad]

4000
3000
2000
1000

y [mm]

y [mm]

x [mm]
N ON & O

2000 F
1500 F
1000 F
500 F

z [mm]

4 3210
z[mm]

Two ball profile
also appears in
simulation.

0 05 1
x'[mrad]

1500
1250
1000
750
500

| PP B |
-4

z [mm]

250

0
01 0 01 L4

y'[mrad]

300

250

200

150

X [mm]

o
Y. Seimiya
160
120
: 100
80
60
40
20

0

200

150

100

0

The size of core beam is smaller than the bunch length.

—Depending on the position of the tail, it may look like two balls.

- |« When the x-z dependence due to wake is added to a beam with
1000} - z-d correlation, x-d dependence automatically appears —
' ' dispersion (R16) occurs.

-2-1.781.51.25-1
(%)

466
= 465
© 464
2,463
w 462
461

If there are two peaks in the energy, they will appear as two

balls depending on the phase of the tail.

This does not contradict the fact that two balls can be

corrected by adjusting the energy spread.

« Depending on the phase of the tail, there is a point where the
orbit becomes constant, and that point becomes the second ball.

20



Y. Seimiya

-mittance control by orbit tuning

« Successfully combining two balls into one by simply

tuning the orbit . EEEEIS -2 TlRRE
« The emittances also improved. © BRSIADELRANILL>TRELEREIND

ile ii ; - TR AR ‘LieweZ
« The source of beam profile jitter needs to be investigated. IR7TLTBAEDLIENESS

Y&, [m.mm.mrad] : 164.551 ve, [m.mm.mrad] : 255.400 Y&, [m.mm.mrad] : 19.266 ve, [n.mm.mrad] : 80.731
Aye, [m.mm.mrad] : 33.990 Ave, [m.mm.mrad] : 66.655 Aye, [m.mm.mrad] : 7.931 Aye, [n.mm.mrad] : 61.793

after tuning
the orbit

>

x ' PY_A1_M-KBE -2.120A — -2.140A (-0.020A)
PY_A2_2-KBE 0.410A — 0.360A (-0.050A)

PX_A4_4-KBE -0.450A — -0.430A (+0.020A)
PY_A4_4-KBE -0.350A — -0.340A (+0.010A)
PX_R0_01-KBE 3.250A — 3.550A (+0.300A)
PX_R0_61-KBE -2.660A — -2.560A (+0.100A)
PY_R0_61-KBE 4.070A — 3.670A (-0.400A)
PX_RO_63-KBE -2.599A — -2.699A (-0.100A)
PY_C7_4-KBE -0.400A — -0.500A (-0.100A)
PY_12_2-KBE 0.000A — 0.200A (+0.200A)
PX_13_5-KBE -1.920A — -1.820A (+0.100A)

PY_13_5-KBE -3.850A — -3.800A (+0.050A) o e B =
"21_4-KBE -1.000A — -1.200A (-0.200A) oo | ol

PX:2]

PY_21_4-KBE -0.800A — -1.000A (-0.200A)
X has improved considerably (the tail swings left and right).
Y's tail doesn't swing up and down, so there seems to be room
for improvement.

tHiine

Next operation, an emittance feedback

system will be implemented.
SuperKEKB injection status and issues, N. lida 21



Synchrotron injection (Sl)

« Convert the transverse displacement to the longitudinal by the
dispersion at the injection point.

« Betatron oscillation of the injected beam produces Belle || background.
e Synchrotron radiation of the injection beam hitting the detector beam pipe

« HER Dynamic Aperture (DA)

« The DA seems to be narrower than the design value.
 The center of injected beam comes right on the closed orbit by the Sl.

Synchro-beta Injection

Ax Injection beam
- Synchrotron injection was proposed to

recover the aperture for the injected
beam.

- But momentum aperture is not

enough.
- Synchro-beta scheme may be a
possible option.

SuperKEKB injection status and issues, N. lida

Off-momentum orbit
of stored beam

22



Injection oscillation

Synchrotron injection
« Introduced to eliminate horizontal injection oscillation.

Betatron injection (BI) Synchro-betatron injection (SBI)

J Synchrotron injection (SI)

2025-09-07 19:33:10  Help ~ Help ~ 2025-09-07 19:30:41  Help ~
_ _ v finjection] (m) 33064 venjection] (m) 3.30E-4 Eljectin] (m) | 3.30E-4
_ ——Inj beam in HER o P = j— ——1Inj beam in HER s a
2J X — 1 . 3 9 H, m —— Stored beam w/o n(o) &.finjection] (m) 2.41E-8 Z_J X = O . 6 3 l,,l, m ——1Inj beam in HER EJIWCWM @ ZUES 2J X - O . 1 9 H. m ——Stored beam w/o n(o) Elnictionl(in) 241E-8
Stored beam with n(o.) &,[ring] (m) 4.60E-9 o _gggFgg E:gm %ghnr(]% : &[ring] (m) 4.60E-9 E O 770/ Stored beam with n(o,) &,[ring] (m) 4.60E-9
— Stored beam with n(3c,) B, finjection] (m) 36.5000 _ r B;[injection] (m) 42.9940 — Stored beam with n(30,) injecti
EOffset O . . v . Eoffset—0.44 A) Stored beam with n(3c.) ring] (m; 110.000 Offset " Y : P 1o BX["‘Uecm} ™ 84.9879
I ] —__Inj beam at inj.pt(o;) B,lring] (m) 110.000 Tn; bean ot ini pi( )' Bidring] (m) HER: 2Jx=1 949E.7 m —1Inj beam at inj.pt(o;) B,lring] (m) 110.000
HER: 2Jx=1393E-6 m, g L ) o s Ty g —1Inj beam at inj.pt(o; n, finjection] 2.50 1 2Jx=1. -7 m, ! L o
o = 6 A, o Ax/o=17.4 Inj beam at inj.pt(2.304) | | n Inecton] 250 R e Mol 8854, Axiose=11700| — Inj bean at inj pt(2,50;) | . nmeomseptry 300 20x*Bmagx=1 977E-7 m, Bmagx=1 015, | ——1InJ bean at inj.pt(2.50;) | | friectorl 250
g ’ i xr Inj beam at inj.pt(3o;) n, [irljection-septum] 3.00 or = 0- » O/0br=D-76%, xr— e Inj bean at inj Ipt(3;: )1 nS[ring] 3'00 Opr = 6.3E-4, 8/05=12.167, Ax/0,=6.509 Inj beam at inj.pt(3c;) n [injection-septum] 3.00
4 e B [ e T 71 n, [ring] 3.00 4 - — —Tr L . n nt ) - } — —— —— — T T 7 n, [ring] 3.00
x10 1 \ - w, [wall] (m) 10046 x10 1= - v wall (m) 0046 x1074 1 l ! ! w, [wall] (m) 10046
r ] n, finjection] (m) .0000 r 1 e A .0000] r 1 n, linjection] (m) 0000
L 1 e njection] (m) 00000 L e ] e foctionl (m) ~02053 Tionc )
C 1 i (m 0000 r > 1 A [ing] (m) -1.660 L ] Lo I
0.5 ] Py g ) 00000 0.5 N ] -l -02053 0.5~ u 1. inal (m) LO%0
1 e:er spread(HW)[inj] -00175 [ / X energy spread(HW)[in]] .00175 r 1 Ny [ring] (m) -.02053
] AX'?V) :x o L Dot [ 1 [‘\ AN / AXi (m): AX bw rand i -00418 / . ] energy spread(HW)fin] | .00175
= 4 ri (m): wrand i - 9 L | / fhsot i 4.40E-3 / \ 4 AXri (m): AX bw rand i .00000
o ] ) energy offset [inj] X » I ) _
o 4 e"e“_’”"fef ['_“J] Q{ 00 e 7 ’ \_ / 1 I Fix AXri(=0: when SI, Check!) o 0_ ( ) ‘} energy offset fin]] 7.67E-3
1 B s i ) G [ i e ] I Fix energy offset(=0: when B, Check!) L / ¥ Fix AXfi(=0: when S, Check!)
o5 Find B,(in] 0.5f 7 1 Find ,fin] [ I e ] Find B, finf]
0 Plot 2JxBmagx s NS ~ 1 Plot 2JxBmagx -0.5 I . - ] Plot 2JxBmagx
N 1 Aperture [""9] ("v‘) ‘ 1.39E-6 L [ i Aperture [ring] (m) 6.31E-7 o 1 Aperture [ring] (m) 1.95E-7
ha B coherent oscillation (m) | 8.36E-7 A 1 coherent oscillation (m) | 13567 [ 1 coherent oscillation (m) 000
Lo Lo~ — .1 Cale R P | I e Calc -1 | | |— Calc
N . Elipse -0.01 -0.005 0 0.005 0.01 0.015 on £ PP M PR PP PR h =
0.01 .005 ) 0.605  0.01  0.015 b < (m) = o0 o 005 o 0005 .01 o.eis Elipse
‘ ’X (m) _ Emitin] | Emit [in] x (m) B
FI)I Since a part of the AX is converted into longitudinal oscillation,
Wa - . . . .
both horizontal and longitudinal oscillations can be made smaller. AX is completely converted into longitudinal

oscillation, so no horizontal oscillation occurs.
First of all, AX cannot be set to 0 due to the septum wall thickness.
Furthermore, if ox = v (ex Bx) is large, it will not be possible to approach the septum,
and AX will become longer, increasing the injection oscillation.
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Optics for Bl and S|
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energy offset | 2Jx (2.50) | nx[m] | npx[m] | Bx[m] comment
o yex=330um (A8) [%] [x 107 m]

- (8)(:0024“”,]) Bl 0 10.4 36.5 possible, but large 2Jx
e W8==x0.175% SBI 0.44 5.55 -1.66 -0.0205 53.5 difficult to make nx at BT end
SBI 0.44 6.31 0 -0.0205 43.0 possible
Sl 0.804 1.52 -1.66 -0.0205 110 difficult to make nx and Bx at BT end
Sl 0.802 2.28 0 -0.0205 110 difficult to make and Bx at BT end
Sl 0.77 1.95 0 -0.0205 85.0 difficult to make and px at BT end
Sl 0.73 2.716 0 -0.0205 60.0 possible
/0 QCS cancel coil error__
- « Considering the central value
T I of the distribution,
© [ Sl and BSI are farther from
i: the DA boundary than Bl, so
% | good injection can be
~ 0.5 expected.
|
NN P P I P D
1 05 0 05 1 .

SuperEiE injection status and fssues, 1. fide delE (%) Dynamic aperture is plotted by M. Kikuchi.



Proposal of the new straight e- BT line and
The energy compression system (ECS) for e- beam

Table 2: The ECS Parameters in the BT Lines

(A) Present electron BT line

BT line ECS Ry [m] yIotal [MV]
(AO) Present — -0.11(Arc0) —
(Al) Present “ECS1”  -1.0(Arc0) 72
(A2) Present “ECS2” -43 34
(BO) New — — —
(B2) New “ECS2” -1.6 70
VQQ’ W P e/ ajﬂd e
ECS1 |// wo G
ArcO LXN A
~_\ _

(B) New electron BT line

V"

InjeCtion point

BT1s
-+ ,_ :Rp?‘:;frﬁu _____
BT line J/ |
for AR 7 BT2(e+)
6;2(9/"
%

Injection point
for the HER

SuperKEKB injection status and issues, N. lida

for the LER

The n'evvﬂBT line with ECS2 is the t)lséRst solution!

Tracking by SAD, no CSR

(a) -2
® Ranive | 2.2 nC, BT linest—— H'E,'ia_c:;%ance
1) o e e et e s s £
[ ] [&]
- ‘ ®
% [ O ; 80
—~ 96f
i ! N
- 60
o %F = K
2 [ | =
92k ]

s i o 3
of 90F 1 =
88 |- ~J20

86 |-

(A0) (A1) (A2) (BO)

2.2 nC, BT lines

[ vy amy
——e-designye, [ | e-designye, |

Ini. no (A0) (A1) (A2) (BO)

But we are already installing ECS1 in the e- BT!!



HER QCS cancel coil miswiring

Sextupole winding of the LER leak field cancel coil had installed with the opposite angle.

@_;E’ Manufacturing Failure of Cancel Coil in HER

N. Ohuchi, Y. Arimoto < 9F e ' F——t—1 Y, Ohnishi
£ 39 - ~ = =
" S 30 8= =4 T
Skew sextupole and skew octupole increase (Not cancelled). I Dy S =
[ B N S I AR
Table 24: Measured integral leak fields at Ry=10 mm E ;; R 5 g
QCSL, Tm QCSR, Tm ERN - T — == e — T
Multipole without . . without . . No Error| = e
: : with cancelling g with cancelling 0.0 f —— f f f
coefficient cancelling cancelling 0 ROy W AP i
bs 3.36 X107 232X10° -3.53X 107 1.27X10° y 5 e g
b, 7,58 X 10° 283X 10 8.02X 10* 439X 10 Skew K2 (1/mé) sk i 1 : .
bs 1.57 X10* 3.66X10° -1.67X 10 -3.73X10° 3 ' j ! : —
bs -2.98 X107 7.8X107 3.24%10° 2.35X10° , ok i [ 3
as 2.42X10° -3.88X 10 2.52X10* ~4.93x10° Skew K3 (1/m3) ¢ -
o 1 (| 1 1 1
as -5.88X 107 -1.16X 10 4.94%10° 1.71 X 10" : 2 4 0 1 2
as -1.48 X 10 -1.48%X10°% 6.26 X 10 -8.31X 10 -III-IIIIIII.I“I-_
as 1.88 X107 1.48 X 10°5 -4.31 X107 -1.09 X 106 -
o T VD ] VT DD o
8 8§88 = 888 g
2 332 E55 £
Definition of the coordinate system seems to be wrong. of e ; ; ey
R T 0 = s B e B
i . e
10F e - L
IR}~ s e ——
Cancel Coil in HER . £} s s = =
QCIP sextupole Wlth Error ;0;? e = ::\ \— J E
leak field cancel 0.606 t t t { o
magnet 10-00(5’ \\,( \.\ “\“ \ ;\ , i
. Skew K2 (1/m2) 2% N Vil :
QC1 N LER o.oi - I = N I = i
1E /":A"‘ -
Skew K3 (1/m3) _f_ vw\ i i
? 2 4 0 = 2

1¥200d
0oy1Lo0d
od100d
1¥100d
17100d
27100d
01100d
11zood
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|_|

-R dynamic apertures

Miswiring: Sextupole winding of the LER leak field cancel coil had installed with the opposite angle.

FyovLaMIILOT T —FHEILLZ2HDZORDEN

20_ L T T T e e T
E w/0 miswiring]
15— —
X0l wW-miswiring
il ]
-].5l = ‘-10 -5 (¢} 5 10 — 15
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In[8]:= Plus@@LINE["SK2"]
Out[8]:= -.00906788959623384¢
sher_5781_60_1-Y020250213 . sad

I>—HY

In[26]:= Plus@@LINE["SK2"]
Out[26]:= -.7442901095589288
sher_5781_60_1-can2-VSKQCI1RE. sad
(VSKQCIRE SK2=0)

EMITY/EMITX
= 25 E-12 / 4.44 E-9

= 0.00563
2/21(RYEEFZADRASA Kp.:
CRACBEIIVY VR

Fy LIS ILDITT—FHIE

20_ R ettt
f w corrected
15 the miswiring
—:
i ]
0- | L1 |
-15 -10 -5 0 ) 10 15

H. Koiso

FrEINASMNDIS—HIE
VKQCIREDERIC thin element
VSKQCIREZ B E SK2 % A% T 5.

sher_5781_60_1-can2-VSKQC1RE. sad

VSKQCIRE(ZENE L ICACE T B,

SKEZEZTOBHREATT4OR
I3Z{E LR,

VSKQC1RE SK2 IS

+0.03, +0.05
EBZ/BA N2 = -5 ~ 45

HEYOHFORIZFIEEET S,
ChIZFEBY IPEHEDSK2D
FYNS U RERHET BHM.

28



e+ beam issues

« Emittance growth in BT
« Abnormal horizontal orbit of 2nd bunch from e+ damping ring

SuperKEKB injection status and issues, N. lida 29



« Horizontal:

 The effect of both ISR and CSR on the
increase in emittance is negligible.

e |t increases in the latter half of RTL and

within BT.
e \Vertical:

e The emittance has increased

significantly at BT.

e One of the reasons for this increase is
the nonlinear magnetic field at the BT

Arc?2-3 bend.

« The magnetic poles are replaced in the

summer of 2025.

e This will reduce the vertical emittance to
about one-quarter of the current level.

SuperKEKB injection status and issues, N. lida

-mittance growth of e+
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2. A)emittance growth

e+ Measured emittance in BT, Bunch charge,
Injection efficiency, and parameters in LER
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There are large emittance growths in the e+ BT
line for both horizontal and vertical planes.
 One of the sources of blowups has been
recently understood.
 Unexpected multipole magnetic fields exist in
Arc3.
(Inspired by an observation that a vertical
bump orbit generates the horizontal orbit. )
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K. Oide
By the multipole of the BH3P tracking through the BT line shows the blowup of the emittances like the lower left plot.

If we reform the BH3P, the blowup will be mitigated like the lower right plot.
K. Oide, Feb. 25,2025 updated 2025/4/3

Reformed multipoles on BH3 M. Tawada, M. Kikuchi) Multipole calculation, quad roll: M. Tawada + M.

Kikuchi including reformed BH3P (250225).
Arc3

Perm. skew Q: M. Kikuchi
o Trackmg by SAD includes: Emittance meas. @BT1 T. Yoshimoto

» multipoles in BH1P/2P/3P, reform of BH3P (Tawada, Kikuchi, ver-3-6 from-median- Sext. meas., Lattice, initial particles, etc.: N. lida,
plane) Y. Seimiya, T. Yamaguchi

 vertical offset of BH1P (lida) _m

* measured rotation/pitch errors of quads in ARC3 (Tawada)

. . . - . BH2P/3P present reformed
* perm. skew quads for dispersion correction (Kikuchi)
» measured emittances at BT1 (Yoshimoto) scaled on particles @ linac exit (lida) K2, 1/m? 0.65
 additional sextupole at BH3P.1 based on bump meas. (Yamaguchi, lida)
« refined bend model yex@BT2 [um] 169+ 16 160 125
* synchrotron radiation in all elements vey@BT2 [um] 81 + 20 A7 12
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Abnormal horizontal orbit of Znd bunch from e+
damplng rlng ] LER Luminosity Record
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Orbit difference in two e+ bunches

Horizontal orbit difference (~0.5 mm) is stably observed between the two bunches.

This is considered to be caused by a pre-pulse of the DR extraction kicker, which gives different amount
of kick to the two bunches one turn early before extraction.

In the model, the resulting kick angle can explain the orbit shift in the Linac.

While the orbit of the 1st bunch is maintained by the orbit feedback, the orbit deviation of the 2" bunch is
susceptible to the wake field in the accelerator structures, which generates the emittance growth.

A countermeasure for the 2"d bunch is done in this summer.
orbit of #1 (kept straight thanks to the orbit feedback)  Horizontal orbit and emittance for each bunch
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Pre-pulse of the extraction kicker . Kikueh
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A strip line kicker installation

« The phase of the existing kicker is different, so this orbit cannot be corrected by this.
« The source is known to be the pre-pulse of the kicker.

o e e 4 Actual orbit difference(#2-#1) Simulation
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'ssues in the main rings

SuperKEKB injection status and
issues, N. lida
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pi=60mm/ff=1mm

HER B, 1 mm (2024-12-18)
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1 Y. Ohni

« |njection efficiency depends on the injected bunch charge.

HER B, 1 mm (2024-12-18)
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The injection efficiency (“survival ratio”) clearly depends on the bunch

should be al least a beam oscillation at high bunch current.

issues, N. lida

Y. Ohnishi
* -8
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On the other hand, it depends on the BxB FB on/off, which means there
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https://kds.kek.jp/event/54174/attachments/187807/253831/SuperKEKB_eeFACT2025.pdf

Beam-Beam effects on Beam Injection Efficiencies - Yoshimoto. H. Kaji, S. Terui

« LER raw injection efficiency was reduced by the presence of the HER beam due to the beam-beam effect,
whereas HER efficiency was not affected by the LER beam.
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Bunch Current Dependence of HER Dynamic Aperture T. Yoshimoto

Meng Li

» Beam-beam is important for both injection efficiency and the small beam losses of background duration
—

0.8 804
£os N 67\.’11
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3 \ 1\ Injection point

0.2 Y \
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[1] Meng Li, Summary of SuperKEKB injection-related beam loss investigation, SuperKEKB commissioning meeting, Sep 27, 2024, https://kds.kek.jp/event/52406/contributions/275898/attachments/183389/245958/Meng_injection_commissin.pdf
[2] Meng Li, Summary of SuperKEKB injection-related beam loss investigation, https://kds.kek.jp/event/52865/contributions/281981/attachments/185900/250113/MengLI_injection_simulation.pdf

[3] Y. Ohnishi, https://kds.kek.jp/event/44562/contributions/227034/attachments/161845/208670/Lifetime_Summary.pdf

[4] A. Morita, Crab Waist Scheme for SuperKEKB, Beam Dynamics Newsletter No. 67, https://www-linac.kek.jp/mirror/icfa-bd/Newsletter67.pdf

» Numerical simulations reveal that beam-beam force (e« LER bunch current) shrinks
horizontal dynamic aperture even at HER.

SuperKEKB injection status and
. : 40
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What is a solution for higher-current operation and lower 3*, optics T. Yoshimoto

Higher luminosity (= higher-current operation, lower 3*,) inevitably causes narrower dynamic aperture (DA) below the hor.
DA limit.

Question:
What is the potential solution?

Answer (?):
Minimize the horizontal envelope (action) of stored and injected beams at the Oth turn with a pulsed kicker,
using a sophisticated B-by-B FB that turns off only for injected buckets and remains on for others.

Nominal beam oscillation: Minimize the maximum betatron amplitude of injected and stored beams.

Measurement (2024-06-26) Nominal injection (now) Minimum envelope injection
AN R R | Injected beam
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I
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MQEAE27 I A new pulsed kicker
(It does not exist now.)

Stored beam

Then, we can further explore lower *, < 1 mm and higher current operation > ~1.4 A (HER).

SuperKEKB injection status and

issues. N. lida https://meow.elettra.eu/81/pdf/MOPMO045.pdf 4141



-R chamber alignment S. Terw
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Summary

e e- beam
 The emittance blowups are observed in both of horizontally and vertically.
« An unexpected X-Y coupling in BT Arcl is generated.

« The emittance blowups are enhanced by increasing bunch charge from 2.2 nC to 3 nC, or making
R56 in BT ArcO from -0.11 m to -0.7 m.

« However, the emittances in BT1 are same value for both cases.
« A new emittance feedback system will be operated in the next study.

* QCS cancel coil error will be corrected by tuning the QCS auxiliary winding, which is effective to
improve the injection efficiency.

e e+ beam

. glhe dipole magnet with a high magnetic field installed on BT Arc3 was causing an emittance
owup.

« Replacing the pole this summer in ongoing.

« The DR extraction septum unexpectedly kicked the second bunch, causing the horizontal
emittance of the second bunch to increase due to the Linac wake.

« A fast kicker kicking only the second bunch is currently being installed.
« The chamber re-alignment is expected to improve the injection efficiency by 10%.

e Collider rings
« Measured dynamic aperture is smaller than designed.
* |njection efficiency becomes lower at the higher bunch current.
* |njection efficiency becomes lower at the collision.
« Minimize the maximum betatron amplitude of injected and stored beams.

SuperKEKB injection status and
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Thank you for your attention!!!
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2.2nC

RM protfiles change by Rx¢ . |
though it became slightly

While observing SRM-1, the orbit and SB35 were scanned. smaller, didn't recover to the
original size.
Changed the orbit in ArcO

B File Edit Command Window

g g - Optical Radiation | Optics | Phase Analysis | Matching | Matching for Injection
1 Rt 5 6
>3 z 15 T T .
@ 1 @ 16| Data Plot, Fitting and Control
s e DAY EhlSquare = 2009.76 Goodness = .00000 ChiSquare = 3872.73 Goodness = .00000
il . ) 99506 - 1.45042 1
@ Lg mud 00980 /- .01241
=3 = o 5 sigma 1 -90229 3 -90403 (quuare = 2870.24 Goodness = .00000 0 01V - 1o L LT S 1)L
T - 2 TR i ) Z 1121549 " - 25,5148 s0 so = 55042.4 +/- 3.77658
X & -4 + + a1 = -398. 10 +/- 5.53516 a = Fili 19 +/- 7.41078 muo muo - Tlel%es
bt =~ ' ' 5 5 55000 L] iy B opmeIlusR iy e
3 . - 3 T TR E o
B i 6_ R S P oo 5, 30000 > ~ @ o
> - = 3F ; ; &) s
B | - . L « 25000 ~ 20000 4 £50000
% & i T - = = >
! - . - =1 H ' > =
= T 2F £20000 2 15000 3 © 40000 [
g B of nfn gl g g S S 5 =
= o > -2F ¥ ~ 156000 - a a
- £30000
. - - ° @ 10000F . 5 5
& % - [} E
- 2734 t t >10000 = =
2. _5E ] 9 ~ 20000
2 215F . ~ 5000f 3 °
21 £1.5 > @
o colb p 3600 £ ' ' ' ‘ ~ 10000 3
2 o : B > 0 > 4 2 o 2 4 6 = S
0.0 0. 05| <
s .03 — - 3 J y/mm 5 g
a hd A 4 84 = o
] 50 100 A
-
Fbﬂ“ PHDH |]:| | Stop File Refit Plot Zoom ‘ v on
9290990 9999990999 v A _ _
R AR iog 2082002383 e: GC_2024_12_24 21 29 25.1.QTF1E.dat , K(QXF1E) = .15961319132513485 , Qgy = 0.0 nC/bunch
= ChiSquare = 2886. ss 00 {96 30000 T ChiSquare = 2486.99 Goodness = .00080
S . - .09928 Se = 35689.8 +/- 2.78256
.85753 ¢;. ook ave - 2165034 /- "l63gel
el -1 =
708013 177 1:38333 Z Gice B File Edit Command Window
+/- 5.82332 = 9

Optical Radiation | Optics | Phase Analysis | Matching | Matching for Injection
Data Plot, Fitting and Control

Changed the RF phase of sector 3-5 in Linac

18:27:02
SB_3 (KBE) 92.0°, SB_4 (KBE) 93.1°, SB_5 (KBE) 95.1° g
SB 3~5(KBE) TTAE — -1° — -2° — 40° — +1° — +2)—_. +3° 5 +4° — +5° s :

quar

83 Goodness = .00000 ChiSquare = 2202.51 Goodness = .00060
) = 37152 9 +/- 3.45409
- .01833

= 6960. .
c1 = -215.43 +/- 13.1948

L1gntT LeveL (arpitrary unit)

I
Bl
s
o
2 6 8 -
-
X/mm £ 15000 .
>
210000 3
- d
o
£ so00f : . ‘
J -4 -2 (¢] 2 4
X/mm y/mm
Stop File Refit Plot Zoom ‘ v On

File: GC_2024_12 24 21 29 25.1.QTF1E.dat, K(QXF1E) =.15961319132513485 , 196: 0.0 nC/bunch

[Shoot] Waiting for trigger...



June2-bEIDO T = v X > X JEH

Date Charge [nC] yex [um] Ayex [um]  BMAGx yey [um] Ayey [um]  BMAGy R56-ArcO [mm]  # of shot

2025.6.2 2.845 2025-6-2-12-00-34 MSE.10 QTF1E 338.97 4.868 2.117 -0.11 50 before orbit correction

2025.6.2 2.792 2025-6-2-12-58-13 MSE.10 QTF1E 298.73 4.556 1.921 -0.11 50 after orbit correction

2025.6.2 2.511 2025-6-2-13-13-24 MSE.10 QTD2E 169.81 2.228 1.073 -0.11 50 after orbit correction, L 5 LSRM_BH3E_1, screen:-10(C%& > TW 3
2025.6.2 2.816 2025-6-2-14-12-54 MSE.10 QTF1E 237.443 3.559 1.759 -0.11 50 after -2mm H.orbit with BM_61_H1(161 — 169mA)
2025.6.2 2.493 2025-6-2-14-41-43 MSE.10 QTD2E 271.646 3.678 1.075 -0.11 50 after -2mm H.orbit with BM_61_H1(161 — 169mA)
2025.6.2 2.497 2025-6-2-15-21-3 MSE.10 QTD2E 265.633 3.689 1.083 -0.11 50 after -2mm H.orbit with BM_61_H1(161 — 169mA)
2025.6.2 2.497 2025-6-2-15-57-35 MSE.10 QTD2E 240.908 3.214 1.081 -0.11 50 reset Omm H.orbit with BM_61_H1(169 — 161mA)
2025.6.2 2.497 2025-6-2-16-20-24 MSE.10 QTF1E 264.794 3.848 1.78 -0.11 50 reset Omm H.orbit with BM_61_H1(169 — 161mA) Reference orbit
2025.6.2 2.815 2025-6-2-18-46-11 MSE.10 QTD2E 106.432 1.436 1.01 -0.11 50 SRM1% B Tsigma_yh/h& <75 & 5 ICPY_Al_METHE
2025.6.2 2.769 2025-6-2-20-4-19 MSE.10 QTF1E 320.51 4.67 1.407 -0.11 50 ECSIZILfRH.bump-6mm% 3L T %

2025.6.2 2.776 2025-6-2-20-21-58 MSE.10 QTF1E 337.373 5.188 2.036 -0.11 50 Reference orbit

2025.6.2 2.766 2025-6-2-20-48-29 MSE.10 QTD2E 106.137 1.448 1.041 -0.11 50 Reference orbit

2025.6.2 2.776 2025-6-2-22-46-17 MSE.10 QTF1E 421.353 5.635 1.863 -0.67 50 R56=-0.67m

2025.6.2 2.835 2025-6-2-22-54-39 MSE.10 QTD2E 170.693 2.229 1.167 -0.67 50 R56=-0.6Tm—HZ o %5

2025.6.3 1.287 2025-6-3-11-41-48 MSE.10 QTF1E 127.341 2.664 1.308 -0.11 50 R56=-0.11m, 1nC

2025.6.3 0.923 2025-6-3-12-1-30 MSE.10 QTD2E 99.768 2.298 1.411 -0.11 50 R56=-0.11m, 1nC

2025.6.3 0.912 2025-6-3-19-58-47 MSE.10 QTF1E 173.337 3.629 1.512 -0.7 50 R56=-0.7m, Optics matching BT1, 1nC

2025.6.3 0.911 2025-6-3-20-17-10 MSE.10 QTD2E 99.921 2.222 1.353 -0.7 50 R56=-0.7m, Optics matching BT1, 1nC

2025.6.3 0.912 2025-6-3-20-33-40 MSE.10 QTF1E 167.07 3.746 1.462 -0.7 50 R56=-0.7m, Dispersion corr., 1nC

2025.6.3 0.918 2025-6-3-20-49-27 MSE.10 QTD2E 97.395 2.177 1.388 -0.7 50 R56=-0.7m, Dispersion corr., 1nC

2025.6.3 2.845 2025-6-3-23-2-0 MSE.10 QTF1E 599.799 8.006 1.331 -0.7 50 R56=-0.7m, 3nC

2025.6.3 2.871 2025-6-3-23-14-19 MSE.10 QTD2E 138.861 1.885 1.255 -0.7 50 R56=-0.7m, 3nC

2025.6.4 2.872 2025-6-4-20-13-7 MSE.10 QTF1E 342.785 5.023 1.954 -0.7 50 R56=-0.7m, 3nC, (LfkBump H: -6mm, V; +6mm

2025.6.4 2.89 2025-6-4-20-29-37 MSE.10 QTD2E 157.697 2.131 1.127 -0.7 50 R56=-0.7m, 3nC, (LfkBump H: -6mm, V; +6mm

2025.6.4 2.911 2025-6-4-23-38-20 MSE.10 QTF1E 333.392 4.778 1.88 -0.7 50 R56=-0.7m, 3nC, lLAKBump Omm

2025.6.4 2.863 2025-6-4-23-53-18 MSE.10 QTD2E 170.107 2.315 1.025 -0.7 50 R56=-0.7m, 3nC, lLAKBump Omm

2025.6.5 1.887 2025-6-5-1-51-09 MSE.10 QTD2E 107.14 1.852 1.074 -0.7 50 R56=-0.7m, 2nC

2025.6.5 1.869 2025-6-5-2-2-59 MSE.10 QTF1E 299.838 5.154 1.896 -0.7 50 R56=-0.7m, 2nC

SuperKEKB injection status and
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e- Measured emittance, charge, R5¢ in BTe-ArcO
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vex=330um, ex=24.1nm

B Fie Edit Window

x1074

Bi

px

HER: 2Jx=1.393E-6 m.

[X] Injection Acceptance

Gon = 6.3E-4. 8/05,=0, Ax/Gy=17.4

——1Inj beam in HER
——Stored beam w/o n(o)
Stored beam with n(o.)

Stored beam with n(30.)
——1Inj beam at inj.pt(o;)

——Inj beam at inj.pt(2.50;)

Inj beam at inj.pt(3o0;)

. | S T
1
[ LN
0.5
ol ]
: ~ /
_0.5-_ —
1 _
E | |
-0.01 -0.005 ] 0.005 0.01 0.015
x (m)

Main Application Area

nx=0(match w HER)
Bx=36.5 (minimize 2Jx)
2)x=10.4e-7, A3=0%

It was investigated whether

optics matching was actually
possible on SI.
It's difficult to make nx=1.66m
at the BT end.

In the case of matching only

with npx, Bx is best at

85m(difficult to match), but

even 60m is within the
acceptable range.

Furthermore, if hx=1.6m in

Septum, and there is energy

jitter, the DXEwWilihecometetenand
largerissues, N.lida

L. 33064
Bx=53.5 (minimize 2Jx)
- o e.[ring] (m) 4.60E-9
5-09-07 19:33: — _ (y (o) B.dinjection] (m) 53.4925
2025007193310 Help ~ 2JX—5-556_7, A8—0-44 0 (o) | inglm) 110.000
o p— (o) n injecton] 250
VLY 33084 o = 6.3E-4, /04,=6.984, Ax/0y,=10.979| —— Inj beam at inj.pt(2.50;) | |, injecton-septum] 3.00
&{injection] (m) 241E-8 Inj beam at inj.pt(30;) | n.ling] 3.00
,[ring] (m) 4.60E-9 x10°4 T T f H w. [wal (m) 0046
Bilinjection] (m) 36.5000 . [injection] (m) 9
ps— 110,000 . jection (m) ~02053
1, finjection 250 n,fring] (m) -1.660
n. [[inj,eection]—septum] 3.00 0.5~ ] . [ring] (m) -.02053
c - energy spread(HW)[in] 00175
n.lring] 3.00 i (m): AX bw rand i 00453
w, [wall] (m) -0046 a ol O 4 energy offset in]] 4.40E-3
n, finjection] (m) 0000 Fix AXii(=0: when S, Checkl)
Ny [injection] (m) 00000 Fix energy offset(=0: when BI, Check!)
1, [ring] (m) 0000 0.5 . Find B,
N« [ring] (m) 00000 Plot 2JxBmagx
energy spread(HW)(inj] | 00175 Aperture [ring] (m) 5.54E-7
AXii(m): AXbwrandi | -00959 Ak B coherent oscillation (m) 1.58E-7
Iy -a|01 -6 I@os [ 3 éos 3 Iol [ <!)15 =
I~ Fix AXri(=0: when S|, Check!) . . x (m) : : . Elipse
Find pfin] ¢ Enkin] I
Plot20xB ‘.‘Maln Application Area B  d
xBmagx
linjection) (m) 3.30E-4
Aperture [fing] () 1.39E-6 o
coherent oscillation (m) | 8.36E-7 T] X= O ( H E R (\: ma tC h ) 1ER o ?::;jz"‘)“’“’ j‘;:':
w/o n(o 2 -
Cale .. . with n(o.) B.finjection] (m) 42.9940
Elipse BX:43 . 9 (m nimize 2J X) with n(30;) | |pring] (m) 110.000
- inj.pt(o;) n, injection]
Emitin] 2JX26.31e_7’ A8:0_44% inj.pt(2.50;) | | n, injecton-septum)
Bl v inj.pt(30;) n, [ing]
X109 N \ _'L'L'_'_ w, wall ()
n, linjection] (m)
. linjection] (m) ~02053
n,[ring] (m) -1.660
0.5 7 N [ring] (m) -.02053
energy spread(HW)lini] 00175
AXri (m): AX bw rand i -.00418
E o - energy offset [inj] 4.40E-3
Fix AXri(=0: when SI, Check!)
Fix energy offset(=0: when BI, Check!)
0.5 h Find B,fin])
: Plot 2JxBmagx
Aperture [ing] (m) 6.31E-7
aF _ coherent oscillation (m) 1.356-7
1 | | | | Cale
-0.01  -0.005 0 0.005  0.01  0.015 Elpse
x (m) Emiing
IMenu Bar
——1Inj beam in HER
——Stored beam w/o n(o)
Stored beam with n(o.)
Stored beam with n(3o,)
nx=0(mismatch w HER)  Sinalse: —1Inj bean ot inj.ptla,)
— 2Jx*Bmagx=3.036E-7 m, Bmagx=1.1 ; P
¥ > | ——Inj b t inj.pt(2.5
Gor = 6.3E-4, 8/05,=11.512, AX/0y=7 74 nj beam at inj.pt(2.50;)
Bx=60(minimize 2Jx) Tl b i pg)
= o T L o s B e
0 - 7]
2)x=2.76e-7, A5=0.73% [
T 0.5 -
. [
twice of the perfect [ f
. o : -
matching ! \
-0.5— -
1 -
£ | | | |
-0.01 -0.005 ] 0.005 0.01 0.015
x (m)

* nx=-1.6(match w HER)

SBI

15:53:15 Help ~

Sl

nx=0(mismatch w HER)

“jection Acceptance

nx=-1.6(match w HER)

Bx=110(match w HER,
but difficult to make)
2)Jx=1.52e-7, A5=0.80%

—1Inj beam in HER
— Stored beam w/o n(o)
Stored beam with n(c,)

Stored beam with n(3o,)

—Inj beam at inj.pt(o;)
— Inj beam at inj.pt(2.50;)
[— Irl1j Ib?am at .in.j .'pt(3?l)

,4 T
x10 1
0.5}
L /7
X L [ A
a O KPS ]
[ /
-0.5F fi—
_1_
-0.01 -0.005 ] 0.005 0.01 0.015
x (m)

Bx=110(match w HER,
but difficult to make)

2)x=2.28e-7, A5=0.80%

ve.linjection] (m)
€ [injection] (m)

€,Jring] (m)

B.finjection] (m)

B,[ring] (m)

n finjection]

n, [injection-septum]

n, [ring]

w, [wall (m)

n, linjection] (m)

N injection] (m)

n, [ring] (m)

N [ring] (m)

energy spread(HW)finj]
AXi (m): AXbwrand i
energy offset [in]]

3.30E-4

2.41E-8

4.60E-9

110.000
2.50
3.00
3.00

.0046
.0000
-.02053
-1.660
-.02053
00175

7.25E-3
¥ Fix AXri(=0: when SI, Check!)
I~ Fix energy offset(=0: when BI, Check!)

Find B,fin]

Plot 2JxBmagx
2.76E-7
.000

Aperture [ring] (m)
coherent oscilltion (m)

cac |

e |

Emitinl |

m, Bmagx=1.001,
732, Ax/0y=7.03

—— 1) wveam 1 nen
—— Stored beam w/o n(o)
Stored beam with n(o.)

Stored beam with n(3c,)
——1Inj beam at inj.pt(o;)
—1Inj beam at inj.pt(2.50;)

Inj beawln at inj,ptl(sa,)

2025-09-16 19:08:20  Help ~

3.30E-4
2.41E-8
4.60E-9

ye,Jinjection] (m)

¢ finjection] (m)
&,[ring] (m)
B.finjection] (m)
B,[ring] (m)
n, injection]
n, finjection-septum]
n, [ring]
w, [wall (m)
n, linjection] (m)
N, [injection] (m)
N, Iring] (m)
Mg [ring] (m)
energy spread(HW)inj]
AXri (m): AX bw rand i
energy offset [in]]
¥ Fix AXri(=0: when SI, Check!)
™ Fix energy offset(=0: when BI, Check!)

Find B.fin]
Plot 2JxBmagx

Aperture [ring] (m) | 15267
coherent oscillation (m) .000
Calc
Elipse
Emit [inj]

&{ring] (m)
B[injection] (m)
B,lring] (m)

n, finjection]

n, [injection-septum]
n, [ring]

w, [wall] (m)

n; [injection] (m)

1. linjection] (m)

n, [ring] (m)

0.5 ] N [ring] (m)
energy spread(HW)inj]
N AXri (m): AX bw rand i
X o @ ] energy offset fin] 80263
r ¥ Fix AXri(=0: when SI, Check!)
[ Fix energy offset(=0: when Bl, Check!)
0.5 '_ ;. Find B,[inj]
+ Plot 2JxBmagx
N Aperture [ring] (m) 2.27E-7
1 _ coherent oscillation (m) .000
E. | | | | | Cale
-0.01 -0.005 ] 0.005 0.01 0.015 Elipse
x (m) it
stance
X= O (m |S m a tC h W H E R) 2025-09-07 19:30:41  Help ~
n HER
- . . injecti .
x=85 (minimize 2Jx e o i 24iEs
= y ‘ed beam w/o0 (o) &,[injection] (m) 2.41E-8
. . ‘ed beam with n(o.) &,[ring] (m) 4.60E-9
d |‘H:| C u |t to m a ke) ‘ed beam with n(3o.) B,linjection] (m) 84.9879
beam at inj.pt(o;) B,Iring] (m) 110.000
2_])(:1_953-7, A8=0_77% beam at inj.pt(2.50;) ||n,ijecton] 2.50
beam at inj.pt(30;) | |n.finjection-septum] 3.00
9 c T T n, [ring] 3.00
x10 1 w, [wall] (m) .0046
[ n, linjection] (m) .0000
[ N« injection] (m) -.02053
0.5 - - Ny [nr.|g] (m) -1.660
+ /“ N Ny [ring] (m) -.02053
[ : \ energy spread(HW)[in]] .00175
[ / y \ ey h
E 0 [ ) /O‘\ ‘ AXri (m): :x :’;N ; andi 7.(;3(;02
X i ] energy offset [in] B7E-:
L \ \—// / ¥ Fix AXri(=0: when SI, Check!)
r N - / Find B, i
N '\\__ ~ ind B, finj]
-0.5 r Plot 2JxBmagx
F Aperture [ring] (m) 1.95E-7
N coherent oscillation (m) .000
-1 | i = Calo
-0.01  -0.005 0 0.005 0.01 0.015 B
X (m) Emit [in]]
Main Application Area 8] v




3. D) ECS and New straight BT line

Present and straight BT line

Current beam transport

200—m—m@mm™mmmr——mmr  ———— 4 ————— 77—
I isr_qgff_csr|off
isr_gn_csr |off
150 | ——isr_dh_csr jon ISR4CSR
= I
w © -
£ E 100} ISR
w g [
£ i 4
50+ I g
; no ISR, no CSF
% 100 200 300 400
S (m)

T T T TR

* New straight beam transport line can
effectively suppress CSR and ISR effects

thanks to fewer and weaker bending

magnets, as expected.

« Bending ducts with a full height of 30 mm
cannot completely suppreess CSR.

SuperKEKB injection status and issues, N.
lida

5xnrms
(mm.mrad)

« x/y nemit: 30 um.rad
* Bunch charge: 2.2 nC

T. Yoshimoto

straight beam transport (design)

200 T Tt 3 = vd =T 7 T T T T T T T T T T T T r
| —tisr_off csr|off 1
- —isr_on_csr |off i

150 | —tisr_on_csr|on i

100" ]
,— — ISR+CSR ;

50r ISR i
; no ISR, no CSR |
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veX [pm] at the end of BT

ISR CSR present BT new BT
Off Off 53 36
On Off 104 46
On On 126 63
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Bl: Betatron Injection

| ﬂJ e Ctl O n S C h e m e S SI: Synchrotron Injection

SBI: Synchro-betatron Injection

(Bl) (SB') <SS|I’>]ChI’OtI’0n injection
betatron injection Synchro-beta ! i
iniection w cancel-coil error
AR AR AR 'R Y Y LR LA R RSl RIS LT " rrrprTrTrTrrTTT
1.2~ [ / 12| - : :
1— : i ol 1 -]
Eo.si— Eo.s-— -
e © ]
0.6 Q06 —
24 I =2 f i ]
50.4 :— £0.4 :— L 2Jmax ‘: 2‘Imax
02f 0.2 f / .
i : \ \ ]
0 0
PEVEPE EVEPEVEPE EPPEPEP EEPEPE EPRPIPE IR P TP PR PP PP e ... |
-1 -0.5 0 0.5 1 -1 0.5 0 0.5 1 - 0.5 1
delE (%) delE (%) delE (%)

Synchro-beta Injection

Ax Injection beam

- Synchrotron injection was proposed to
recover the aperture for the injected v
beam.

- But momentum aperture is not
enough.

- Synchro-beta scheme may be a
possible option.

SuperKEKB injection status and

Plotted by M.iliyeli N. lida
SKBaIv>¥ 3=y - I—F4>7(36), M. Kikuchi, https://kds.kek.jp/event/49259/contributions/256267/attachments/174527/230659/Injection%20Simulation%20(2).pdf

Off-momentum orbit
of stored beam




2)x of injected beam in LER and Ring acceptance

2" bunch (increased emittance
1st bunch
2nd bunch (increased emittance) + orbit(Max: Imm))
Inj beam in LER ve,linjection] (m) ( 1.83E-4 — e
= Stored beam w/o n(o) iniecti = R » — (injection] (m) 3.13E-4,
LER ‘m Stored beam with n(o,) c,[lrljed!on] (m) < 8 _;zi,::a:eam EER (o) vz[[;lm ]](:n';‘) 3:13E_%' —g; hd b szn“ o) ) Zf[\E:;icli:;;(mn)‘ TUUE-;
: - Stored beam with n(3c,) &.{ring] (m) 4.00E-9 LERCTIx= | 84E-6 m 72:2::: ::: :i:: n:3 ), e Jring] (m) 4.00E-9 LER ctored be 1“, :(3 y «ring] (m) 4.00E-9
Opr = 7. ~ —— Inj beam at inj.pt(o;) B;linjection] (m) 58.27 Opr = /.05E-4 —— Inj bean at inj.pt(o;) Bifinjection] (m) 58.27] Opr = 7.03E ——1Inj bea im ptlos) B.linjecton (m) 52.23
6/061-: 00, AX/Oxr= 18.33 Inj beam at inj.pt(2.50;) B.[ring] (m) 183.0 d/0pr= 00, AX/0=2142 | ___ 10j bean at inj.pt(2.50, B,[ring] (m) 183.0 O/opr= 00, Ax/0x=2235 | __ 11 bean at inj.pt(2.50,) B,[ring] (m) 183.0
LN I B e o s e e e e e e e e e e e e e 2 e - Uy I -4 T T T 10 bedm at inj Ipt(30y) T n; [injection] 2.50 r U N Ih]' be: injIpf(30y)" T n; [injection] 250
x10°4 1 I I “ " T 'Inj bedn’at injlpt(30;) n; [injection] 2.50 | x1@ 1 — n, injoction-septurn] 3.00 T 3.00
r /______\ 1 n. [injection-septum] 3.00 prres \ n, [ring] \ n, [ring] j
B 1 n, [rin ) 0.5 y w [wall] (m) 6.E-3 — w, [wall] (m) [ 7E3
.50 - 1 : QI]‘ 7> \ h, Iring] (m) o000 1 lring] (m) 0000 |
-oF N ] o el (o 6.E-3 < F/ m - hy fring] (m) 10000 e [ring] (m) 10000
r 1 hy [ring] (m) ~0000 a il & X (m) -013 7 X (m) -014
v : : hy [ring] (m) 0000 \\ U //‘ / Energy offset [injection] (%) .00 Energy offset [injection] (%) .00
3 0 - 3 i (m) 012 0.5 , ! Find B, fin] 4 Find B,fin]
r ] L . : R / Aperture [ring] (m) 1.84E-6 Aperture [ring] (m) | 2.00E-6
[ Energy offset [injection] (%) .00 1 e coherent oscilation (m) | 9.44E-7 P coherent oscillation (m) | 1.12E-6
r 1 : i B T P I D P cal H 1 [ 1 B cal
0'5_ N 4 MJ -0.02 -0.015 -0.01 -0.005 0 0. 005 0. 01 0 015 0 02 Ellpse -0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02 fse‘
+ Aperture [ring] (m) 1.34E-6 x (m) _ x (m) !
1 n 1 coherent oscillation (m) 7.96E-7 ,,_
--_....l........l........l........l...._- Calc v:'[:mect!onm
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02 N € finjection] (m)
ipse
X ( m ) j i LER: 2Jx & lring] (m) 4.00E-9
O§r = 7.53E Bi[injection] (m) 55.90
Measurement results in May 2025 Oloo=_ 00, Ax/oye= 17.27

L L B I S B RN L L BN L B I B B n, [injection] 2.50

BT11+* | BT12% | BT21% | BT22"like orbit A A e = e zfzz>
yex[um] 136.3 173.4 183.7 312.7 7 R RN o el oo
vey[um] 5.4 5.6 64.3 (57.6)

LER Injection beam | Ring(meas.)(1! 5_ \\ﬁ_/ 1 J“% s
20 om0 bumelh 183 1.34 <~ 14 bl RAT e o
Jx [um] 2n bunch 312.7 1.84 > 1.4 [~

[um] 2nd w AXImm 312.7+AX 2.00 (max.) > 1.4

[um]

[um]

Inj beam at inj.pt(2.503 hy’ [ring] (m) .0000
Inj beam at inj.pt(30;) xi (m) -.012

um
« The 1st bunch is justinside the aperture of the ring.
« The 2nd bunch is outside, which clearly reduces the
injection efficiency.
* 145 1.19 < 14 [ « After replacement of BH3P and installation of the
0.049 (6gy) ~0.03 strip line kicker, both bunches can be safely injected
+0.32(99% Incl.) +1.03 in LER acceptance.

SupefKEKB injection status and - The fast kicker for 2nd bunch is going to be installed
* Th'séSlf)%% SFBH3P are replaced (See next page). in this summer(d). 54
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