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

Emittance
measurements
1.1GeV
e+ DR
&
« Thermioni for LER, PF -
. REgunforHER Linac QO«\QQ‘@"’
LTR <& Arc4
X v I;-I(-:LS ECS \(\\Q’*\i" Slope
( — ECS N
> > | Arc3
180° 1@ Sect.? Sect.3 to Sect.b
. Arc2
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
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RF gun

_________
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11.1 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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1. SuperKEKB Injection status

Injection limits luminosity

4/Mar/2025, SuperKEKB injection, N. lida

BEAM INJECTION ISSUES AT SuperKEKB IPAC2023, N. lida et. al., MOPL120
N. lida*, Y. Funakoshi, T. Kamitani, M. Kikuchi, T. Mori, T. Natsui, Y. Ohnishi, K. Oide', An Injection eﬂiCIenCy 1S expressed by’
M. Satoh, Y. Seimiya, and T. Yoshimoto, KEK, Ibaraki, Japan
I'also at University of Geneva, Geneva, Switzerland ij + Rloss
Al et
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

rinj © [nC/pulse] 3.0 1.2 |<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.



1. SuperKEKB Injection status

L E R (e +) e+ Measured emittance in BT, Bunch charge,
Injection efficiency, and parameters in LER
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HER injection tuned with TbT-BPM,

and coIIimator tunping at the time.

RF-gun discharge trouble.

After this tlme only 1st bunch was |n|ected for HER.
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5
4"; ¢ Sometimes, the automatic
tunings(ATs) by machine
learning(ML) were done for
the e- emittance tuning (by
M. Kurata) and HER

injection tuning (by S. Katoh).

Because ex of LER didn't get
bigger due to higher
horizontal tune, the kicker
height was able to be 2.5mm
higher.

Optics matching at BT end
bx*=80—70—60mm

Stable 2-bunch injection
was done in LER.

Abort source

Others
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Beam Loss
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2. Injection issues

A) Emittance growth of the injection beam through the BT
° e_
* e+
 Action of the injected beam and the ring acceptance
B) Injection efficiency dependence
* on the charge of the injected beam
* on the bunch current of the stored beam
* Injection efficiency decreases due to the beam-beam effect

C) Error in “QCS cancel coil”
D) Stability of the beam

4/Mar/2025, SuperKEKB injection, N. lida



2. A) emittance growth

HER

Injection efficiency, and parameters in HER
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Bx*=80mm
to 60mm
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- [BTL
yex[um] 45 |:>150

veylum] 45 150

There are large emittance growth through the BT line in the

horizontal and vertical planes.

AX [mm]

Ay [mm]

Q [nC]

The sources of horizontal emittance blowup in BT are
estimated as:
1. ISR(Incoherent Synchrotron Radiation): ~30um
2. CSR(Coherent Synchrotron Radiation): ~60um(2 nC)
vex =45um(BT1) to 135um(BT2) can be understood.

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 Arc of e- BT.)
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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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2. A) emittance growth

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

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

Kikuchi including reformed BH3P (250225).
AI’CB Perm. skew Q: M. Kikuchi

K. Oide

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

+ vertcal offset of BHIP (ida) I 7

* 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] 170 195 157
* synchrotron radiation in all elements vey@BT2 [um] 90 55 15
linac-btp_BH1P_MULT_APERT AveMeasMag3.20231202.sad
linac-btp BH1P MULT_APERT AveMeasMag3-20231202.sad BH3P multipole: ver-3-6, from-median-plane
~ K2sxusp = .64935 /m?, Klsggusp = 0/m K2skpuzp = 64935 /m?, Klsmamp - O/m
= 25F T == T T T T T T = = T T
= N G -
— 18F y A \/ Zof B | At
B = O RN W, 00 P VAV £ bt oo E oo O A } M\oﬁﬁx]ﬂv
A e : TN i A :
Z2f X = z2F \7ad 2
= 4 t *""I""*.','-','*+,"I.'.; = 4
= 150k R Pt o ] Reformed =180k o 75 1
=160k > Ve 3 160k ., 0 0062
£ 140 [este 0900000000 o o 0 o 5 o o sesttreoeet ssttees® 3 BH3P §\140”Wi.f.f.f.omﬂw‘.“‘u oo E
120 e B e R ] ] S B RS ittt
~ 50F o"f.n *u",oa _s0F 7 W
= 40 * , = ;40 : :
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A L

4/Mar/2025, SuperKEKB injection, N. lida 11XBH3P in Arc3



2. A) emittance growth

Aperture of the Injection Beam and Ring Acceptance

rLER I |

Inj beam in LER Ve, [injection] (m) 1.80E-4 HER—
I_ E R I nJ e Ctl O n Stored beam w/o0 (o) & finjection] (m) ’m H E R I nJ e Ctl O n In] bean in HER ye,[injection] (m) 1.30E-4
R 2Jx= 1 .69E Stored beam with n(o,) - : —— Stored beam w/o n(o) €, [injection] (m) 9.49E-9
Stored beam with n(5o.) &,{ring] (m) 4.00E-9 = Stored beam with n(o.) g,[ring] (m) 4.60E-9

Oge = 7.IIL= —— Inj bean at inj.pt(o;) B linjection] (m) 51.15 Stored bem with ni3c,) Blinjecti
: =—36F= : L , linjection] (m) 27.1375
o/og= 00, Ax/ox=20.54 Inj beam at inj.pt(2.50;) BJring] (m) 183.0 g?f - O Ax/Ge= 14.0 —— Inj beam at inj.pt(o;) B.ring] (m) 108[000]

-4 | T IR W B S I WY T * T3 50, n, [injection] 250 Oor= » AX/Oxr= 4 9 Inj beam at inj.pt(2.50;) -
x10 1 ‘____'__‘____q__‘-__n] eam at inj.pt(3.50; i Ln) . 4 1 T T T T T T T o e e T 5o n, [injection] 2.50
B L] . n, [injection-septum] 3.50 x10 L ] : ) B n, [injection-septum] 3.00
i 1 n, [ring] 5.00 X / ] n, fring] 3.00
0.5~ ] w, [wall] (m) 6.E-3 0.5F ] w [wall] (m) .0046
C ] hy [ring] (m) .0000 C h, [rir\g] (m) .0000
» 1 hy [ring] (m) .0000 C ] hy [ring] (m) .0000
X of = B 014 E o g : - DXri (m) -.00828
] Energy offset [injection] (%) | .00 N S ] E:e;i:/;::iggic:;:]just ngsk?oo

-0.5[ = Find|B;lin] -0.5¢ Find B,in] J
C —_— i Aperture [ring] (m) 1.69E-6 r \ i Aperture [ring] (m) 9.13E-7
. [ \\ i coherent oscillation (m) 1.08E-6 i: . _—_.—__//. E coherent oscillation (m) | 6.34E-7
e e b b U e e Cale e . Calc
-0.02 -0.015 -0.01 -0.005 O 0.005 0.01 0.015 0.02 o -0.01 -0.005 0 0.005 0.01 4|
X ( m) ipse | X ( m) Ellipse |
— o Fmit linil

LER Injection beam | Ring(meas.)!! m Injection beam | Ring(meas.)!!!

2)x [um] 1.70 1.4 2)x [um] 0.91 0.90
2)y [pm] 0.069 (6ey) >0.02 2)y [pm] 0.066 (6ey) > 0.04
Sau [%] 0.32(95% Incl.) 1.03 Sa [%] 0.31(95% Incl.) 0.56

[1] Y. Ohnishi,
https://kds.kek.jp/event/54174/attachments/187807/253831/SuperKEKB eeFACT2025.pdf P.17, 19
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https://kds.kek.jp/event/54174/attachments/187807/253831/SuperKEKB_eeFACT2025.pdf

[1] Y. Ohnishi,

https://kds.kek.jp/event/54174/attachments/187807/253831/SuperKEKB eeFACT2025.pdf P.17, 19

Measurement: 13.Dec.2025
LER B," 1 mm (2024-12-13)

LER Ily 1 mm (2024 12- 13)
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f =60 mm | pf =1 mm

HER B, 1 mm (2024-12-18)

HER B, 1 mm (2024-12-18)
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https://kds.kek.jp/event/54174/attachments/187807/253831/SuperKEKB_eeFACT2025.pdf

2. B) Injection efficiency dependence on the bunch current

ThbT-BPM: Turn-by-turn BPM

H E R e- Measured emittance in BT, Bunch charge,
Injection efficiency, and parameters in HER BxB FB: Bunch-by-bunch feedback

300 o] SRR LA WA AN IS I Measurements of the oscillation of injection beam with ThT-BPM
= C —e— 812 -
2200 e X e R o | & BxB FB ON BxB FB OFF
5 100 R - - : T ] 6 HER 2024_12_18_22_40_36

oF _ : ___' .__: :-__.:__:“ -“'.-_7;;-.;;:, ' ; ,:stb ;: .;. ..‘..= Sl _"' i - g: :5 - —g
O S| A . . | o %‘“"""""""""'""""""' : b E
So00HT o o R, —_— — T N e : : : o= E
- f & T : i 3 i 3
w100 g — £ W 3 [ 3
R : woEREZT " weeaer
e E Injection efficiency at 100t turn after injection
g1 = .

BE1 BxB FB effect gets weaker at high stored current
i « The injection efficiency becomes worse at the higher stored
aie  ; bunch current. It is considered that just after the injection, the
z0. — center of mass of the charge in the bucket oscillates
0. = . .
02— g ‘ \ S 0 horizontally. That is to be suppressed by the BxB FB.
§§5§2 S i G S S é - However, at the high current, the CoM gets close to the stored
0.52 | ||||.|i|||||I||||i|||||||||||. R SR " 1 1 1 1 1 1
To/11 ghotes 11/ TI/T Ti/31 1271 Ta/11 13/31 bunch,_the injection oscillation is less suppre_ss_ed by BxB FB.
10/21/2024 « High current: 0.537mA / 0.2 mA stored/injected bunch

4/Mar/2025, SuperKEKB injection, N. lida 14



2. B) Injection efficiency dependence

LER

e+ Measured emittance in BT, Bunch charge,
Injection efficiency, and parameters in LER
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4/Mar/2025, SuperKEKB injection, N. lida

This tendency is more pronounced in the LER.

ThT-BPM: Turn by turn BPM
BxB FB: Bunch by bunch feedback

Measurements of the oscillation of injection beam with ThT-BPM

BxB FB ON BxB FB OFF
LER 2024_06_20_20_58_10 o

x [mm]

. y_[mm]

20.002F
n

intensity

&
V.00l

0 1000 2000 3000 4000
MQEAP18

Injection efficiency of 100turn after injection
Injection efficiency — Loss rate due to beam lifetime

BxB FB effect gets weaker at high stored current
« High current: 0.696mA/0.3 mA stored/injected bunch
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2. B) Injection efficiency dependence

Already presented by Y. Ohnishi.

[1] Y. Ohnishi,
https://kds.kek.ijp/event/54174/attachments/187807/253831/SuperKEKB eeFACT2025.pdf P.17

B) Injection efficiency dependence on the charge of the
injected beam

HER B,": 0.9 mm CW: 60 % (2], = 2.55x10% m)

Vertical aperture is too small. < A ,~13¢,;, Lessthan 3o

y,inj 100_ I 1 T T T | T 1 T T | 1 L] 1 1 | 1 ] T T I T 1 T T | T T T :4
. . . L e Loss Rate 2] ]
Survival rate depends on intensity. i ° I l * Y] 3.
Transverse wakefield a = 0,b,/c, > 8 -3
in collimators Inductive (a<<1) o i _:2 5
+ 12
I AyOQ Or b T by 2 60__ ]
= E K T “1 '-‘ i __2
© | :
« : Kick Factor o 40— wil.5
c | z
Impedance in the whole ring should be considered. a0 -
i —e.s
0 | 1 l i l i l 11 i _— l i I i1 1 1 I 1 i :0
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Bunch Current (mA)
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https://kds.kek.jp/event/54174/attachments/187807/253831/SuperKEKB_eeFACT2025.pdf

2. B) Injection efficiency dependence

Beam-Beam effects on Beam Injection Efficiencies

« 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.

T. Yoshimoto, H. Kaji

LER LER injection summary: HER HER injection summary:
2024/12/23 02:00:00 ~ 2024/12/23 04:00:00 2024/12/20 06:00:00 ~ 2024/12/20 08:00:00
Current 1000 Current 1000
(mA) —— LER  —— HER (mA) —— LER /4- HER
. 0 E 1 1 1 1 1 1 0 - 1 i 1 1 !
Inj. rate - j.
Hz) 2O — — Inj.rate  20F HER
Inj. (aucn)ch 55 F v = Inj. bunch 5 g r
0.0 - . bunch1 ,» . bunch 2 ! Lo (nC) 0:0 . ) __~_punch T ————bupch 2
1oor e _— - 1007 bunchl - bunch?2
75 mﬁﬁéma% ﬂm*wﬁwﬁw Injection efficiency 75k j _—
Raw inj. eff 50 [Rereinaatme iy P i et sy 100 turn after injection ; 50 P R N OO i
A . . 0 . err.
(%) 25+F o (%) ) 25F
ol unch 1 - bunch 2 o
100 100 F
75 = Injection efficiency 25k ﬁ,ﬂ@m@%&w.Ww.e;gmwmm '*W&wﬂ» ww@w
Raw inj. eff. g AR

from B-by-B BCcM 90 5 sec after injection

a7 v»,,,»’w&' I foadihg, s .7 e

K 50p - bunchl . bunch2

(%) 25 i oY ! u, il (%>
bunch 1 - bunch 2 P ~ T = [
0 C 1 1 1 1 1 1 1 0 -
Bunch charge 5 &\\\\\\\\\\\\‘\s&“\“\{\\\\\\\\\\\\\%\\\\\\\\\\5\\3\\\“\\\\\\\\\\“ Bunch charge 57,8 i . BKLO Bkt. 2
(nC) 25F + Bkt.O - Bkt. 2 YT
00 C 1 1 1 1 1 1 1 (nc) (2)8 %wm\f\\hi
. R I
Bkt. O . Bkt. 1000 . Bkt. 2000
Beam lifetime 20 - Bkt. 10 - Bkt. 1500 I 20k o T Y I :
(mln) BTN PIR 22T SR RICE TR AP UN 5K SN SR PR g (N WEP ISR S S LT E MY Bean(]rrl]lifﬁt)lme : BKt. 0~ e “Bkt. 1000 0 A Bkt 2000

Bkt. 10 + Bkt 1500

Ok 1 1 1 1 1 I I
02" 02" 02" 02" 03" 03" 03" 03" 04 0rE—r : : - : ' :
00" 15m  30m 45 QO™ 15™ 30™ 45m  0O™ 06" 06" 06" 06" 07" 07" 07" 07" 08"
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2. C) QCS Cancel Coil Error

4/Mar/2025, SuperKEKB injection, N. lida
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Listen to M. Li's talk(TUA14) this late afternoon.

[1] Y. Ohnishi,
https://kds.kek.jp/event/54174/attachments/187807/253831/SuperKEKB eeFACT2025.pdf P.16

Simulation(SAD) of injection is on going including the error in “QCS cancel

=17
coil” and Beam-beam effect. .
H. Sugimoto
w/o cancel coil error w cancel coil error
Touschek Lifetime: 990.6 sec n Touschek Lifetime: 741.8 sec
SRR ... LR LK — TR | ol A N
25— 1 —‘: 25— —
20— . . - 20— -
: Injection ] C ’
; 15— | A \ beam _ gls— E
a ge o T ———__11 <
10— /2 3 i 4 e e S0 -
Pl N ] g | iy & ]
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N ,’/,/ e\ i - v . ]
o/s/ \ %\ - / \
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Ae/o,

The injected beam might be affected by the cancel coil error.
The degradation can be suppressed to some extent by using the nonlinear
correction windings of QCS or a sextupole around the ring (H. Sugimoto).

— This simulation is just starting.

More precise simulations are also done by M. Takao, and Y. Yamamoto.


https://kds.kek.jp/event/54174/attachments/187807/253831/SuperKEKB_eeFACT2025.pdf

2. C) Stability

Stability of the beam
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Beam tuning in LINAC improves the emittance, but
keeps it only a few days.

4/Mar/2025, SuperKEKB injection, N. lida

SRM

It doesn't stay in good condition for
more than a few days

However, in the latter half of 2024
winter-spring run, when the beam
became larger at the SRM in BT, the
operator tuned the pulsed steering
upstream, and the situation recovered.
In the next operation, this will be
replaced with automatic tuning(—P. 23).
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3. A) Stability of the injection beam

Stability of the Klystron

For the klystron power supply, we used to set the voltage analogically,
but we changed it to digital transmission to stabilize the power supply voltage.

RF phase jitter
o B LiRM:KL_ATA:ACC_PHASE_SGM:

T. Miura, et.al.

HASE_SGM:NIM:10S [l LiRM:KL_A2:ACC_PHASE_SGM:NIM:10S [IIlll LiRM:KL_A3:ACC_PHASE_SGM:NIM:10S [l LiRM:KL_A4:ACC_PHASE_SGM:NIM:10S

00=0.035 deg A~\

50=0.01 deg
’l)‘ “ ‘““ “‘ ”‘ “ (‘ ' i ‘ M b # }) }

H 1 i it '\
Ww ww ’ s Aol e LR l‘\ HH Ll
M Aote ol g
24/10/31 24/11/03  24/11/06  24/11/09  24/11/12  24/11/15 24/11/18 24/11/21  24/11/24  24/11/27
07Beam energy Jltter

66=0.029% =~

In addition, an update to the air conditioning
00=0.018% temperature control in the klystron gallery
will be implemented starting this week.

MW w W‘i 11 M‘M W M‘MM I m\llw M\Mﬂh‘ ‘MW*M
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HER BT Energy Compression System (ECS) ¢ wiyahare
Background of HER BT ECS introduction

1. As the bunch charge increases ( current: 2 nC - 4 nC) , emittance growth due to short-range transverse wakefields
will become a significant issue.

2. Bunch compression at Linac J-Arc is effective in suppressing the short-range transverse wakefields.
= However, bunch compression increases the energy spread due to longitudinal wakefields.

3. This energy spread will be reduced using the Energy Compression System (ECS) in the HER BT.

'g‘mo} . 1
=3 L
' // s e v, . Position resolution of
ECS aC 3 a3 . the BT BPM
: g \—\ 3 80; o o
SYS y - & 60 - ° v
: i o e c N
/7 g 40,
" 8 20F ECS
/L o - preEmR et e <= Linac BPM resolution
7 /4 = sSs5s335s5_-22:s°%2o0
D2 w w w W @ Lu'uJ'uJILuluJ|
7| Yy P desoLoral
z X X X X X X X X = = < < <
== g o0 o oo oo oo oo oo
HER BT BPMs
P « To suppress emittance growth due to wakefields in the
accelerating structures, the beam must pass through the
The ECS, consisting of four accelerating structures, has been center of the accelerating structures.
introduced (currently under construction). « Since the position resolution of the BT beam position

monitors is not sufficient, the readout system of the Linac

4/Mar/2025, SuperKEKB injection, N. lida position monitors will be used.



3. Plan of the Injection Improvement

A) Stability of the injection beam

B) Automatic tuning with machine learning
e £- emittance
* Injection tuning

C) Two-bunch tuning using the fast kicker for the 2"d bunch
D) e- ECS and the future plan of new straight BT line

4/Mar/2025, SuperKEKB injection, N. lida
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3. B) Automatic tuning with the machine learning Listen to G. Mitsuka’s talk (FRB04) F. Miyahara

2. Maximization of e+ beam transmission rate from Linac to DR

The performance of the injector has significantly improved through various automated adjustments using
machine learning (Bayesian optimization ).

L . . _ (+ downhill simplex)
1. Maximization of positron beam transmission rate from Linac to DR

4.2 nC was achieved at the Linac end

10 Wﬂ» * | SP56.3 T. Natsui
* escosmiantn. DX(1st):| 0.279 mm

DX{2nd): 0.000 mm
DY(1st):| 0.343 mm
DY{2nd): 0.000 mm
Q(Ist):| 4.200 nC

Qe- [nC]

o (4)]

—

Q

-

Q

D

~

CERTLA0A0 OO0 COCNCNCHCH Q00000000
“EOUU00 “U0 "D 0 0 00 T
N 11}

00 0

L LLLL T DALY
0000 Q== :

YOI RGO Q(znd): -100.000 nC
Increase in the beam charge Significant improvement in the transmission
irradiating the target. efficiency of the generated positron beam.

2. Minimization of e- beam emittance at HER BT

Adjusting the beam orbit to reduce the beam
sizes observed by the SR monitors leads to a
reduction in emittance

bunch i

M. Kurata
Before ML 64.9+8.6 45.6%11.0

After ML 29.2+5.1 46.9+13.0

3¥AXo
3r4X0
3Saxo
3S4X0
390X0
394X0
3.aX0
T'34MO
T'3amo
Z'34MO
Z'3aMo
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3. C) Two-bunch tuning F. Miyahara

B A . . .
. . . . [ Vertical First Kicker
Fast Vertical Kickers in the Linac e
SY3
Five fast kickers capable of kicking only the 2nd (4 | "
bunch in the y-direction have been installed. . s — S |LER
1) Orbit correction for the 2nd bunch |
. _ _ Fast Kicker Trigger Delay @ A-sector
By using the Fast Kicker, the y-orbits of the 1st z ~
bunch and the 2nd bunch can now be aligned. a O I PP B o0
g S S R T, ol
D < (0 Lo ol et A R a
= LT ~
ﬁ‘;i;igl;'-;;;;_x&
2nd
] ] ] Trigger Delay and vertical e- beam (HER) position before the target
2) Beam diagnostics with separated two bunches
 The beam profiles of the first and second bunches can 1st and 2nd
be measured simultaneously.
G 1st
« The emittance and energy spread of the first and 2nd
second bunches can be evaluated. Fast Kicker OFF Fast Kicker ON
4/Mar/2025, SuperKEKB injection, N. lida e- beam profile at BT

e- beam profile at BT



3. D) ECS and New straight BT line

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

BTline  ECS Ry [m] Vel [MV]
(AO) Present — -0.11(Arc0) —
(A1) Present “ECS1” -1.0(ArcO) 72
(A2) Present “ECS2” -4.3 34
(A) Present electron BT line B2 New BCS” 16 ”
g — BT].S VOQ) W e/ ande
ECS1 o
+ ] —
I
BT line ; / J 77
for AR J/| 7 BT2(e+)
\ /4 (B) New electron BT line
Injection point
%7 for the LER
ECS2 E
BTZ(e-) —_— 0 50 g a5 i @

Injection point

for the HER

4/Mar/2025, SuperKEKB injection, N. lida

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

Tracking by SAD, no CSR

(a) - 2
® Raunive | 22 nC, BT lines'—— Hlisa_c:;pgance
100 [T e e e e\
[ s} @
= i ®
98: : | -
- 96 [
o~ 3 ‘ N
; : ‘ 60
B R e S e s R R
3 [ ] =
92F -

s [ —Lio 3
n:m 90 _ - S—
L s R - 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!!



3. D) ECS and New straight BT line

Present and straight BT line

200~

Current beam transport

150

anl'mS
(mm.mrad)
—
o
S

(o)
o

(@]

isr_d
isr_d

| —isr d

vvvvvvvvvvvvvv
[f csr|off
h_csr |off
h_csr jon

ISR+

CSR

ISR

I

no ISR, no CSE

T T T TR

or—————————

200 300

S (m)

100

400

* 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.

4/Mar/2025, SuperKEKB injection, 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
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150 | —tisr_on_csr|on i

100" ]
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50r ISR i
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*hﬂwf!‘i"f |

MR

2

||

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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Summary

« SuperKEKB Injection status

« The current injection performance is not sufficient for the luminosity of
1x10c°;‘~L)J/cmE/sJ P ¢

« Everything is entangled with injection.

« The beam emittances (6D), stability, bunch charge, stored bunch current, total
current, collimator setting, beam-beam strength, dynamic aperture...

 Improvement plans

« Emittnace growth
« e+: reform of the dipole magnets in Arc3 of BT
 e-: rebuilding the BT line to the straight path (future plan)
« The vertical blowups are still mystery.
. Atutomatic tuning with machine learning for tuning of emittance, injection,
elC

« Stabilization in Linac is on going.

27
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Backup

4/Mar/2025, SuperKEKB injection,
N. lida
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X. Zhou

RF Stabilization using all Optical Synchronization

 To improve synchronization accuracy and support the future development Laser signal
of linear accelerators, a new synchronization system based on laser pulse
light signals instead of electronic radio frequency signals was developed.

 The RF signal generated by the RF gun's laser source is not

affected by temperature fluctuations or klystron interference. o7 MHz
* The laser signal has the capacity to cover the entire Linac. 114 MHz
ﬂ] laser room on the ground \
_ 1-25Hz Yb-fiber
Nd:YAG ampllfler Single/double bunch ampliﬂer &
RF-Gun T/hermionic gun system Pulse picker

1.Q. Monitor
B A

T

Yb-fibher o_scilollagor
.| synchronize
L) SR 9856 MHz )

e )
/ Electron Gun room
underground Yb-fiber

amplifier

J-ARC

Fiber transmission

Free space transmissionnYh=fiher Amplifier /

Output

DR Free space transmission

C 1 e+ target 2

1.Q. Monitor
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Utilization of the optimization program F. Miyahara

The performance of the injector has significantly improved through various automated adjustments using
machine learning (Bayesian optimization).

Typical use cases for machine learning programs

Purpose Execution time Execution interval or
execution count
Maximization of positron yield at positron capture section | A few minute (When A few times in a day
exit slightly deviating from (Automatically execute when
the optimal conditions) | the yield decrease)
Maximization of the e+ beam transmission rate from ~a few days Only once
positron capture section exit to SY2 (End of 2-sector) (~160 params. Execute
the beamline in multiple
parts)
Maximization of the e+ beam transmission rate from Linac | ~20 min Several times a day after
(SY2) to Damping Ring Linac startup
Align the vertical orbit of the electron 2nd bunch with that | A few minute A few (Because each beam
of the 1st bunch using fast kicker was stable before the gun
problem)
Minimization of emittance in the HER BT through beam ~30 min A few times a month
orbit adjustments in the Linac
Increase the beam transmission rate for both the 1st and ~20 min Several times a day after
2nd bunches in the Linac Linac startup
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