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The upgrades performed in 2024 and the plans for the future will be reported.
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Fast Kicker to correct
2nd bunch orbit



Fast Kicker for Second Bunch T. Natsu
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Background:

754 %

« To suppress emittance growth, 1st and 2nd bunch beams must pass 50 &'
through the center of accelerating structures

« To achieve the same injection efficiency as the 1st bunch, the beam orbit

of the 2nd bunch must be same as 1st bunch
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Injection efficiencies and orbit trend of
the 1st and 2nd bunches (HER).

Installation of a steering magnet capable of kicking only the 2nd bunch

Requirements: T. Mitsuda, T. Natsui, Y. Enomoto, Y. Okayasu

Current response faster than the
96 ns bunch spacing




Fast Vertical Kickers in the Linac

= A [] Vertical First Kicker
Ozzzzz== FOF
N
installed in th
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Failurédue to radiation damage

List of fast vertical kickers

Name Location Beam

FY A2 2 A-sector e- (HER), e- for e+ production
FY A4 4 A-sector e- (HER), e- for e+ production
FY RO 02 | J-Arc e- (HER), e- for e+ production
FY 58 4 5-sector e- (HER), e+ (LER)
Fr—61+E+* | SY3 e- (HER)

# Power semiconductor device was broken due to radiation.
=> We are looking for a new location with lower radiation levels that is suitable for installation and effective.



Beam test using a Fast Kicker st 2nd
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The beam position displacement and jitter were measured using the fast kicker
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# In last year's KEKB Review, it was reported that initial tests showed significant Delay (LLEV:FY_58_4:KBPDELAY)
jitter, which was found to be caused by trigger timing jitter from the bucket The y-position and position jitter as a function

selection. By implementing timing corrections, this jitter was eliminated. of the trigger delay of the fast kickef



Use case of the Fast Kicker

1) Orbit correction for the 2nd bunch

* Orbit correction for 2nd bunch of

e- beam (HER) using FY A2 2 S . Tt )
‘g) . v‘\f-,,.. -r .";".9 ;|
) : @
2 5 <
““2nd
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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 be measured simultaneously.
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« The emittance and energy spread of the first
and second bunches can be evaluated. Fast Kicker OFF

1st and 2nd
1st

2nd

Fast Kicker ON
e- beam profile at BT e- beam profile at BT




Upgrade plans of fast kickers

Current Status: ‘_.B___..:. q [ Vertical First Kicker

* Only one Fast Kicker is available for positron beam correction (one unit is out of order)
« There are no horizontal fast kickers in Linac#  # A stripline-type horizontal fast kicker is installed in the RTL.

Plans:

* The failed Fast Kicker is planned to be relocated to
4-sector end

« We aim to install at least two horizontal Fast Kickers and,
if possible, a total of tree.
(Two will be installed upstream of the target, and the
remaining one downstream of the DR) 3



Beam diagnostic line with
pulsed magnets



Beam diagnostic line with pulsed magnets

A beam diagnostic line using a pulsed magnet was developed to
periodically (< 1 Hz) guide the beam to the dump line for diagnostics
even during HER injection.

Y. Okayasu, T. Kamitani, K. Yokoyama

New beam position and profile HER

monitor Diagnostic
Line
(Damp line)

, > “New DC magnet
(BM_61_A1)

Newly installed DC magnet
(BM_61_H1)
Newly installed collimator

Newly installed pulsed magnets

New pulsed diagnostic line (2024 Summer)



Newly installed beam diagnostics devices and beam mode§"vara T Suwada

The beam monitors were replaced with a new ones to

cover the entire beam orbit T Decelergtion
W > ¢
HER Beam Dump Dump Accelerating
Transport (7 GeV) (~6.2 GeV)
I : I
I : :
Accelerating structures in
: 5-sector are used for |_~Bunch length . .
60 mm giving beam energy chirp. measurement An 8-electrode position monitor
< p! with a wide dynamic range.
The horizontal range of the beam passing through the new monitor
HER  7GeV Low £
€--—---—-—------ Home pos.
— 1st pos. HER beam passes through
P ’ . . left side of the screen
4_ __________
2ndpos. | .
23y The insertion position of the screen
— and the beam position

Screen monitor with two adjustable insertion positions

A screen monitor with two adjustable insertion positions. In the first position, it allows
continuous measurement of the diagnostic line beam without interfering with the HER beam. "



Utilization of the beam diagnostic line

Use of the beamline:

» Diagnostics of a beam same as HER injection beam

* For diagnosing the bunch length, utilizing 5-sector acc. structures to apply an energy chirp
- Beam energy at Linac end is ~6.2 GeV

« Test experiment using a beam dump

Beam test:

v Preparation of beam modes for beam diagnostics 2> OK

v' Passing 7 GeV e- beam to the HER BT-> OK

v' Passing 7 GeV e- beam to the Diagnostic (Damp) line > OK
v' Passing 6.2 GeV e- beam to the Diagnostic (Damp) line > OK

During operations starting from September 2024, there was not enough power
and time to perform sufficient beam tests using the diagnostic line.
From the 2025 operations, full-scale use of the beamline will be promoted.

12



Beam tuning programs
with machine learning



General optimization program using Bayesian Optimization

A general optimization program utilizing machine learning has been developed and is being

actively used for various beam tuning
Development by T. Natsui

? Gereral Optimizer Ul - X r ? Gereral Optimizer Ul - X
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Save Y sefting text
Parameters | "¢ b
PY name min max init
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Evaluate function : I
—0.875 A
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« Byfiesian optimization acguisition_weight: 1.0 defalt:2, exploration:3 iteration N

Downhill simplex initial value range: 20.0 %

kdethod:Baysian, teration G0/50, meas 2020, best y = -0 87624384006343 at ® = [-3.974, 5.306, 0.199999999999999496, -0 ¢

Method:Baysian, teration 5050, meas 20/20, best y = -0.67624384005343 at = = [[3.978, 5.306, 0.193993399993393336, -0.¢

The process of the objective function decreasing
during an optimization.

start

Repetition 5.0, datal 20, lterh 50

Method:Baysian, Heration 1750, meas 1420, besty = 9999 atx =

setw [-2.876, 4 306, -06, -15, 46122, 127 618, 49.843, 39156, 51 758, 54.627]
B JTZETI412754

| Objective Function

Since Kurata-san developed a similar alternative

program, two optimization programs are now
f=-(Q(BPM1)+Q(BPM2)+Q(BPM3))/Q(BPMO) available for use.

Example: Maximizing beam transmission

14




Utilization of the optimization program

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

Operators may also use it independently. 15



1. Maximization of e+ beam transmission rate up to SY2 Briefly reported in the

The challenges that led to the development of machine learning prograr_rll_ Natsu
. Natsui

| S8_DM_01 (QLF1N)
DX{1st): | 11.867 mm
DX(Znd): | D.0DO mm
D¥(1st):| -0.074 mm
DY{znd):| 0.000 mm
Q(lst):| 3.144 nC
Q(znd): -100.000 nC

<« e+ capture section

Bunch
Charge

A SRR B BAE 2002080 975
In simulations, the transmission rate from capture section exit to 2-sector end was

nearly 100%, but in the experiment, there was about a 40% loss, which could not be
improved through manual adjustments.

e+ capture
section

1-sector

LG | X 0
=g N
(Frzz]

[ i o
e i caren | e G lca]

Quadrupole

Linac layout from the target to switch yard to Damping Ring

] Dipole (steering)

last review

>~ ~160 parameters

&

Manual tuning is
almost impossible

-

The application of machine learning was divided into multiple sections, and the
transmission rate was sequentially increased from upstream.
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1. e+ beam transmission rate after the optimization

= Linac KEKB e+ Orbit
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This tuning process (~160 parameters) takes a few days, so we have only done

it once so far.
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2. Maximization of e+ beam transmission rate from Linac to DR

The cause of the beam loss is likely the energy spread

Tuning xgggrameters: |_| nac SYZ

PV name Init Value +/- Range m / //m
B x0: | LIEV:KL_15:KBPPHASE 337.8676052 | 10 - [[oom ]
— BSN1
r3) x1:  LIEVKL_16:KBPPHASE 246.5142038 | 10 /-QLDGN
q-) —| QLD6N
) x2: | LIEV:KL_17:KBPPHASE 234.091755C | 10
1

~ x3: | LIEVEKL_18:KBPPHASE 237.4867547 | 10
©
@® x4: | LIEV:SB_2:KBPPHASE 111.9152824 | 5 .
(D 5 SCN1 |
o O x5:  LIRF:ENERGY:28_KBP:SET 1.244822094 | 0.005
9N O
T o x6: | LIMG:QD_28_4:IWRITE 8.39 0.25
-g- Ul) x7: | LIiMG:QF_28_4:IWRITE I : 8.286 0.25
LN 28 Quadrupole and steering

x8: | LIMG:5X_28_3:IWRITE -0.636 0.2
x o 25 magnets at 2-sector end.

x9: | LIMG:SY_28 3:IWRITE 1.778 0.2

Add X Delete X Set current value to init
" BV name Alias

Evaluate function:

Linac End _
T. Natsui
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Cle- [nCl
{
:/

- (8] = (a7
[ou] +a8i

5 DX{Znd}): 0.000 mim
Dy(1st):| 0.343 mm
o D¥(2nd):| 0.000 mm
T T T o T I Ve Q(1st):| 4200 nC
SRR RS T LR Lt by —r o oo Q(2nd): -100.000 nC

L L T T ey, {end):y1oe-

Charge variation along the beamline after tuinig 4.2 nC was achieved at the Lingc end
(In the J-ARC, LTR and RTL, there are BPMs where charge calibration has not been performed correctly) The highest record so for



3. Minimization of e- beam emittance at HER BT M. Kurata

Auto-tuning for reduction of the emittance using SR monitors

Low-emittance beam is important for injection to main ring with high injection efficiency

Empirically, adjusting the beam orbit to reduce the beam sizes observed by the SR monitors
leads to a reduction in emittance

[{LNLADRL{ERLTY, T [d
| ﬂiﬂﬂl | | TN
000000 000 0000000000 O © O O O O 000000000 00000000 00000000000 000000000
PO DO M MMM A MK K K XS = = = = = PP S-S -S-H00om OOONDODT== === T 2 === =0
M TS BN pWesgugegm O B 8 3 8 0 BlR0gules FrhuURErNwE Eboweud o808 o SIgaegmm
mmmm mmEmmmE ML Mmoo m M mmmmAmmme mmmmmmmm mmmnm g m W momom mem e
I—"_'F‘\JML.\.I m

Electron BT beam line

(Since there is no SR monitor in the LTR BT, this tuning cannot be performed with the positron beam) "



3. Beam size and emittance after the optimization M. Kurata

Tuning parameters: el . e N
N 04 _
. Steering magnets at J-ARC Exit e n Atterfit
(PX RO _61, PY_RO 61, PX RO 63, PY_RO 63) 5 03p
« Steering magnets before the positron target with hole jl> Zm., EGX(SR1 Ch
(PX_13_5, PY_13_5) 5 02f argy
2 - 0,(SR1) ’
Cf 01— s
E |
-] n I e RS AN i [k
= 0 HaH O iiiiiis ] AR H R
0 1 1.5 2

Comparison of emittance at 6(SR) [mm] / charge [nC]

BT before and after tuning

Before ML  64.9+8.6 45.6x11.0
After ML 29.2+5.1 46.9%13.0

By minimizing the beam size at two SR
monitors, the emittance was also reduced.

Using synchrotron radiation allows for non-invasive measurement that can be performed at any time
20



Plan: Tuning programs with machine learning

* The effective tuning program will be worked continuously

A system is needed to monitor whether it is working correctly and ensure it
does not interfere with other tuning or feedback programs.

« To facilitate the development of tuning or feedback programs,
it is essential to find parameters that are effective for beam
emittance, stability, or the objective function

In addition to the physical perspective, we will also consider key parameters found
through big data analysis (currently under trial) and the opinions of experienced

operators.

« Share information about any monitors or equipment required
for tuning and proceed with their implementation

21



Big Data Analysis



Big data Analysis

Synchronized data (position, charge) from all BPMs in the Linac and BT are archived.
It has become possible to compare these with various measured values (EPICS PVs) stored

in the Archiver Appliance.

Y

- Shot by shot data — EPICS PVs (sampling data) N
* Linac BPMs Linac Data: SuperKEKB Data:
* Linac RF Monitors Laser (power, position, ...), Injection efficiency, beam current,
* Linac pulsed magnets Thermionic-gun (Heater/Vias voltage, ...), Kicker / Septum, Beam loss,
RF phase, Temperature, SR monitor at BT, Tune, Temperature,
(+ BTBPMs )
N\ AN J

/

Synchronized data for these datasets can be output

Tool for finding critical parameters: <

—

Parameters that significantly affect injection
Parameters for maintaining emittance

Factors causing beam instability

Cause of abnormal beam (cause an beag\ abort)



Example of Big Data analysis and Future Plans

 Injection efficiency and beam orbit before the target (e- beam passes through the target hole)

90

HER Inj. Eff.

Electron beam position at the entrance of the positron

gofF
70F
s0F
sof
4of
30
20F

10F

S b b Lo Ly b by
-04-02 0 02 04 06 0B 1 1.2

x(SP_15_T)

HER Inj. Eff.

00

[+ [7:] $ 4] =]
(=] (=3 = =] (=]
TTTTT]T

—_
(=]
TITIT T[T T[T IIT 11T

F. Miyahara

sof

)
(=3
TTTTTT

B S I T I TR TR R
y(SP_15_T)

target and HER injection efficiency (100th turn)

Future plans

« Exploring critical parameters using Explainable Al

« Faster data generation

The emittance improvement achieved through
upstream orbit correction using SR monitor-based
tuning with machine learning is consistent with
the results.

Such clear correlations cannot be seen in
asynchronous data.

€ |wasaki-san’s group from Osaka Metropolitan Univ.
is conducting analysis using SHAP (Shapley Additive
Explanations)

* Increasing the number of people performing data analysis

24
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HER BT Energy Compression System (ECS)

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 is effective in suppressing the short-range transverse wakefields.
3. However, bunch compression increases the energy spread due to longitudinal wakefields.

ECS consists of four 3-meter S ECS 8
. - L | 2 Lind

accelerating structures will be | B - N U )\

installed in the BT section. i e . T

26



Construction of the ECS is under way

« The installation of waveguides is approximately complete
* The installation of accelerating structure is in progress

27



BPM readout system for ECS

To suppress emittance growth caused by wakefields in the accelerating structures, it is necessary
to accurately measure the beam position and adjust it to pass through the center.

T 140 .
= [
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c [ o s ¢
'gmo} ° °° °
% ®
o 80 ° . ®
& ¥ .
60 -
g N
= 400
8 5 cs
o 20'_Linac BPMs resolution E 7/ um
07 | | | 1 | | | 1 | | | | 1
=s=353=-2253553o0
= o b AN T
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W w ~ o o & ©o k7 F - o o®
- b L L L AaiLo L oLw
X X X X X X X X = = € < <
g o ¢ Qoo Qo o g oo o
HER BT BPMs

Position resolutions of BT BPMs
evaluated using 3-BPM method.

The BT BPM processes signals from
multiple BPMs with a single oscilloscope,
resulting in a low number of samples.
Additionally, since the ADC is 8-bit, the
resolution is not optimal.

It would be better to use the Linac readout system.

However, the stock of the readout boards for the Linac is insufficient,
and since the FPGA used in the board has been discontinued.

It is not possible to produce new boards.

The Linac BPM has 1024 channels of data with a 4 ns time step,
making it possible to process data from multiple BPMs on the EPICS

I'l

A beam test was performed to measure two BPMs
using a single BPM readout board.




The BPM readout test and Layout for ECS BPMs measurement

A=-0.1999H0.0020 B=0.0073HL0039  C=-1.6563H0.0047

BPM1 odB Att \ _ T [ p=-0984244, VIF=319859 | [ Resolution: B o
- RF Cobiner Erab L Rt
BPM2 5 | E | i s
200 ns ‘N M i e £l
g ‘ i 1 (It = T I
R r— M |{"i;-.f\.,--‘.f«l ” \“l\ {E'R,«IA =
' =y
. . Sl =
The first BPM signal and the second |--||['}. W' A T R N S A Y
| =1.8 -1.6 =1.4 =0.05 '] 0.05

SP C6 4(H) (mm) SP_C6_4: mes.- reconst. [mmi]
The predicted position from the other two BPMs, the
measured position, and the difference between them.

A resolution of 15 um was achieved

RaW.Sigrt‘s'S froh":;""?fp'v's (after without performing gain adjustment
passing through the filter) (4 electrodes: left, right, up, down)

BPM signal, with a 200 ns cable delay | |
inserted, were combined using an RF

combiner and input into the BPM
board.

Layout of BPM measurement

| /[ /
BPM1 + BPM2 with 200ns > Board1
BPM3 + BPM4 with 200ns > Board2

; Readout System
@Kly. Gallery

ZHEERE R I .., Although there is attenuation due to the cables,
B — =\ — ] reducing the value of the board's internal
"L,—r attenuator allows for signals large enough to

achieve high-resolution measurements.

Cabling for the four BPMs in the ECS section and the readout system. 29



Summary

Fast Kicker to correct 2nd bunch orbit
It has been confirmed that the 2nd bunch can be stable controlled.
We would like to add it where necessary.

Beam diagnostic Line with pulsed magnets
The transport to both the HER BT and the diagnostic line was successful without any issues.
Moving forward, we will begin utilizing it.

Beam tuning programs with machine learning (Bayesian optimization)

It has been extremely beneficial for improving beam performance. The positron beam achieved
the highest transmission rate to date, and the HER beam enabled emittance reduction while
conducting non-destructive monitoring.

Big data analysis
Synchronized data output from the injector to the ring has been enabled. Detailed analysis and
the exploration of key parameters using machine learning will be advanced.

HER BT Energy Compression System (ECS)
It is necessary to increase the charge of the electron beam. Construction is progressing
smoothly.
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Response of Fast Vertical @ 2-sector

¥,..(SP_B6_4)

Ystd. Dev.(SP_B6_4)
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In the upstream section, there were a slight tendency for jitter to increase.

Yave(SP_B6_4)

Ystd. Dev.(SP_B6_4)

[0 Vertical First Kicker

PF

SY3
| ‘AR
|LER
HER

[=]
TT
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@
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@
o

°
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4290 4292 4294 4296 4298 4300 4302 4304 4306 4308 4310

Energy spread might also be a contributing factor.

FY_A2_2 Delay [clock]
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Large-aperture pulsed quadrupole magnets (1): J-ARC

Background:

T. Natsui

The transmission of e- beam for LER through J-ARC should
be maximized as much as possible (less beam loss).

* The optics of e- beam for HER should be matched after the J- S
ARC exit. h >
. matching
Solution: Seetioh
» Large-aperture pulsed quadrupole magnets can - matching
separately control beam optics for each beam mode. 4., section
» Lower beta and lower dispersion optics can reduce beam '
lossinJ-ARC. [ A e- beam
; New optics at J-ARC
e lCurr1ent ?ptICTS atTJ—ARTC - | with pulsed quads —
g o | | € . - Seven pulsed
E A t: / | X quad_rupole magnets
e N N N T T ST NN NS S ' was installed.
o B ol ¥~. Maximum current: 600 A
E il . T |
g ok — % o 4
i & |
S TN DOUUE DR L/ UUUE DUUUE DU i JUUUN DUV NUUUE DUV DUSY IUU U > 600 A, 400 V class pulse
S st NPGSTIMAA R WANrapany e e g < vokoyama drivers also installed.

mmmmmmmmm



Large-aperture pulsed quadrupole magnets (2): J-ARC

e- for the LER

Beam transmission of the e- beam for LER in J-ARC

is achieved almost 100% (almost no beam loss)

This is the result of automatic beam tuning and optics

matching in each beam mode.

‘rBeam Gate | FC_15

Linac KEKB e+ Orbit

2023n0/22 20:37:17

DX 1st
Fms : 0.985

2023/0ct/22

Max : 9.113258_DN_01
Min : -3.83225P_R0_22

DY 1st
RMS : 0.577
Max : 3.516@5P_R0_02
Min : -0.8972SP_R0_42

[ SP_26_4

k z 2 | pxasy:| -z080 mm
X‘ Charge 2%{; DX(2nd):| 0000 mm
= o

DY(Ist):| 0.174 mm
DY(2nd):| 0.000 mm

Q(Ist):| 5.026 nC

Q(2nd): -100.000 nC

st o o oc: [N v O 10 1| 1 o500 05

|@e- 13 —|@e+ 7 —| Replot | Show

W Cur W I Cur-Ref _j Gold _j Avel0 | 202310722 03:39:57 Set Ref

Bucket Sel

T. Natsui

Sigma—

Bunc
IZID_|3_|4_|5_jﬁ_lBTHIIlean"_jvisillel 2 KBE _{ PFE _{ QFE | 1 JBE _{JBP _|{ RFE _{ SFE _|

T. Natsui

e- for the HER

« After installing pulsed quads,

e- beam optics at J-ARC exit can be matched to
the design ones (B, ~ 1)

KBE Csec(1st) Emittance (2023/01/31 - 2024/01/31)

Emittances
(Beam quality)

C/x /3y

Installation of the

=9
= . ° .
£ 200 pulsed quads : i
8 e | o
g 150 < » 4 é e ")
E . | ® ; . 1
LE 100 ® + & ?’ -1 3 "
50 ’ © 3 ﬁ
; @ P .
(4]
Fab 2023 Mar 2023 Apr 2023 May 2023  Jun 2023  Jul 2023 Aug 2023 Sep 2023 Oct2023 Nov2023 Dec 2023 Jan 2024
B KBE Csec(1st) Bmag (2023/01/31 - 2024/01/31)
mag
1x 3
&
» [=]
2 ! 8
E o
m 1 o
[=]
5 o e B ] )
1 o® Y Rk L 3% Be i
Feb 2023 Mar 2023 Apr 2023 vay 2023 Jun 2023 Jul 2023 Apg 2023 Sep 2023 Oct 2023 Mov 2023 Dec 2023 Jan 2024

KBE Csec({1st) Charge (2023/01/31 - 2024/01/31)
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Large-aperture pulsed quadrupole magnets (3): Sec. 1 & 2 1. Natsul

i

-
¥ i
r| i

/ b
Energy Knob Thermionic gun / /1.1 GeVe+

‘«'—{'I'IIIL'I'I'I!II' —['H'J'IOi Photocathode

RF gun
J-ARC B
(1.5 GeV
C

Replaced four DC quadrupole magnets with pulsed ones

T. Kamitani

Ayex ~ 100 um, Bx = 45.2 m Ayex ~ 40 um, Bx =16.3 m
3 Eld fLA]S . | [ ﬂ' - | | | =01
_‘"“': SthrorStband SR H“"m
E o cavit ; 3 E @- 7 . . .
,[ _. I \ e Simulations revealed that replacing four DC
L quad,andemporaly ] 4 T g+ quadrupoles (common to all beam modes) with
S T ;T gchieved smaller TEI T | pulsed quadrupoles enables the setup of an optics
€ 1 B4 A e, 4 1 with smaller beta functions for HER beam, thereby
- g+ ' N 2[nm . .
= | I . 1 ™ suppressing emittance growth.
& 1 = & #ﬁ e = .'u" T ,\l,rhﬂmh
o msianuldi M
e+ target Sector2 end e+ target Sector2 end
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Operation Panel Implementation

| use GPyOpt.
It is python library for Bayesian optimization.

Select tuning knob. We can use any

variable EPICS records and select minimum

and maximum value for tuning range.

X

Select monitor EPICS records.
We use arias name for evaluation function.

And define the values to be minimized. This allows

for a very flexible specification of the objective

function, since any combination of measurements

can be defined in the equation.

/

Select optimization method.

Operator will select setting file / Start [ Current value to init

and just push this Start button.

= Auto Tuner ver.2024-10-06 16:19:52 (Icsar92) - 0 x
File Display
Tuner Graph Summary
Setting File : | /nfs/linacfs-users/tp/natsui/KBP/Jarc/KBP_Jarc_wPulseQ_knobl6 _2bunch_2.json Overwrite Open Setting Save Setting
X setting
PV name Init Value +/- Range
x0: LIiIEV:SB_B:KBPPHASE 81.2 5.0
x1: LIiRF:ENERGY:R0_KBP:SET 1.69 0.02000000C
X2: LIIMG:PX_A4_4:IWRITE:KBP 0.127 0.5
X3 LIIMG:PY_A4_4:IWRITE:KBP 0.144 0.5
x4 : LIIMG:PX_RO_D1:IWRITE:KBP 0.861 1.0
X5 LIiIMG:PY_RO_O1:IWRITE:KEP 2.811 1.0
X6 : LIiMG:PD_RO_OL:IWRITE:KBP 106.825 15.0
x7: LIIMG:PF_RO_O1:IWRITE:KBP 102.682 15.0
x8: LIiIMG:PD_RO_02:IWRITE:KBP 421.215 15.0
X9: LIIMG:PF_RO_02:IWRITE:KBP 452.038 15.0
x¥10: UiMG:PD_RO_61:IWRITE:KBP 377.017 15.0
%¥11: UIMG:PF_RO_61:IWRITE:KBP 380.423 15.0
¥12 :  UiMG:PD_RO_63:IWRITE:KBP 182.303 15.0
x13 : UIMG:PF_RO_63:IWRITE:KBP 200.0 15.0
x14 :  LIMG:PX_R0O_61:IWRITE:KBP -2.27 1.99999999¢
x15: UIMG:PY_RO_61:IWRITE:KBP 4.449 2.0
A v Paledn W C ot mermed crmbiim Ra Tele
Y setting
P\:" [RAME Alias Evaluate function:
LIBM:SP_C5_4_L:ISNGL:KBP Qes_1 {Qc5_1+Qc7 1+Q11 1+Q13 1+Q15 1 +Qc5_2+Qc7_2+Q11 2+Q13 2+Q15_2)/10
LIiBM:SP_C7_4_1:ISNGL:KBP Qc7.1 +np.abs(Q15_1-Q15_2)/4
LIiBM:SP_11_4 1:ISNGL:KBP Q111
LIiBM:SP_13 5 _1:ISNGL:KBP Q131 \
LIiBM:SP_15_T_1:ISNGL:KBP Q151
LIiBM:SP_C5_4 2:ISNGL:KBP Qc5_2 .
LIIBM:SP_C7_4_2:ISNGL:KBP Qc7_2 Ca n U S e a n y fu n Ctl O n .
LIiBM:SP_11_4 2:ISNGL:KBP Q112
LIiBM:SP_13 5_2:ISNGL:KBP Q132 — f (x)
LIiBM:SP_15_T_2:ISNGL:KBP Q152

Tuning Method ==

© Bayesian optimazation
Downhill simplex
Bayesian GPy

Bayesian GPy small steps Trigger :

BO continuous
BO with MonitorX

2024/10/08 02:14:49 STOP.

acquisition weight :
Initial range [%] :
BO step range [%] :

Measurement condition Comment

Beam repetition: | 1.9 KBP

Data Num at a point: 29 2 t:unch'fiarcmiﬁ;{;:d:)( T LEE(archik o
. . PulseQ 85 ~TEES

Iteration Num: 200 2 bunch® BHRO/IS Y REE S

Wait time [sec]: g1

5_1>0.3 and Qc5_2 > 0.3
Limitation :QC -1>03andQe3_2>

Restart Set Best and Finish Abort
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Injection efficiency and beam position (2024/6/30)
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Correlation of pre-target and upstream areas, identification of locations that work for injection efficie

Correlation between SP_15 T (Target)
and SP_A2_3 (Upstream: A-sector)
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Is the beam being reduced at the target in locations with high injection efficiency?
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The positions with high injection efficiency have not reduced the beam.



BTe accelerating structure installation M s

« Bunch compression to reduce short range transverse wakefield
— Longitudinal wakefield causes large energy spread

« Harmful fine structure due to longitudinal wakefield
=> BTe-ECS is effective for lower energy spread and smoothing
* Energqy jitter reduction

 Additional voltage for 6S resonance and multi-bunch(7-bunch for
future) operation.

» 3m(longer) acceelerating structures are transferred from Harima
by Ego-san’s effort




BTe-ECS (FY2024) to improve injection efficiency
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BT-ECS at BT i wevegde
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Bunch length & Energy spread M. Yoshida
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M. Yoshida

igh Power Test for Cylindrical Waveguide
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Copper Coating Stand
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Energy spread reduction by pulse shaping M. Yoshida

Energy spread of 0.1% is required for SuperKEKB synchrotron injection.
3 SR \ 15nC
L N el
Loy /A
7
1 \ W L
< Square - o
. 20nC

g g

0 5 1050C electtdn 2q5nC 25 30
FWHM (ps) Primary beam for positron production

OE/E (%)

(@]

When bunch compression is performed to suppress vertical emittance,
the energy spread exceeds 0.2%. 46



BPM readout system in the Linac

VME based BPM readout system is used in the linac. The BPM board has two band pass filters
with bandwidth of 60 MHz (£.=180 MHz), 16bit-250Msps ADCs and a calibration pulse generators.
Position resolution of the system is smaller than requirement (c<10 um)

301

201

15

resolution [pum]

W = — = = — = — e e requirement

L]
....................................
LN ]

Position resolution of the BPM estimated by 3-BPM method

dezsssezelless | DR
( - LTR Swith Yard3(SY3)
7 Swith Yard2(SY2) —»PF BT
l"'"""'"l'f".' el 1. ------ ) I P ———— | I ——— — AR BT
c 1 2 3 4 5 — HERBT

VME crate: 22, BPM board: 108

MVMES5500 (CPU): 1
VME-EVR-230RF: 1
RAS board: 1

\BPI\/I readout board: 2-8in a Create/

$

The oscilloscope system is used in
LTR, RTL, HER/LER BT.

The system covers the whole of the linac (A-sector — SY3) and a part of the LTR (SY2),BT.



BT BPM raw signals measured by Oscilloscope

Electron BPM Positron BPM

QX1E.M MM QXD1P_A M
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QXF1E_M MM QXF2P_A M M
QXF2E_M Mm QXD5P_K M m
QXD3E_M ﬂm QXF5P_K ﬂm
QXF3E_M MM QXD6P_K M M
QXD4E_M MM QXF6P_A MM
QXFGE_M ﬂm QWDP_2A ﬂm
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Some BPMs have overlapping signals during two-bunch operation.
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