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Y. Enomoto

Copper Holder

$2.0 target hole
for e- beam
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@ DC Solenoid ) <exs

A. Enomoto

To the b
side

Axial symmetry of the magnetic
field is broken due to this part

Two-layer structure of hollow-conductor
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4 Steering coils to compensate for kicks caused by non-axisymmetric magnetic fields

K. Kakihara, K. Yokoyama A Acceleration phase @ Deceleration phase
Beam Position Monitor
- 0.6 A .
— A L) .
= i
O o5 e /
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S sl : _
o I operation
2 03] point
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© 02
E L
o
) i
+ 01f
w .
The electron beam through the ol b
0 20 40 60 80 100

hole shifts by up to 3.8 mm

compared to the solenoid OFF
@ Steering coils are very important
for positron capture section

Ratio of coil current to optimum value [%]

Steering coils were installed in 2020.
AHIPS-2024 11




Super
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1. e+ are captured in a deceleration phase of
first accelerating structure
2. Decelerated e+ move to the acceleration phase

)

Deceleration @1st Acc. Capture
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Acceleration capture has a large energy spread I:> « Difficult to transport beam up to DR with small beam loss.
» Beam transport line to the DR has only a 10% energy aperture
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@ Beam line after the Cap. Sec. @ <
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Many quadrupoles are
installed at short intervals
up to the Damping Ring

Chiane for e+/e- separation
(e- beam is stopped by beam stopper)
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C Beam tuning procedure @ <exa
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Beam tuning procedures after long-term shutdown

1. RF phase and beam orbit rough tuning
- Beam reaches up to DR and Linac End (Beam loss is OK)

2. RF Phasing
Change the RF phase to find the crest phase from the position change at
a Beam Position Monitor where the dispersion is large

3. Manual beam tuning
Operator loads previously best parameters.
- Energy and beam orbit tuning

4. Fine tuning with a machine learning (ML tuning)

AHIPS-2024 16
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C RF Phasing after the cap. section @ s

The RF crest phase is found by varying the RF phase and measuring the beam position at location with a large
dispersion function.

e+ beam in/after capture section has a large energy spread and it’s difficult to transport

=» Using low charge primary electron beams passing through the target hole
(e+ crest phase = e- crest phase + 180 deg.)

File Phasing Panel 2146 a5
1 Sector 2024/09/24 21:46:04
Hame : KL_11 Hame : KL 12 Name : KL 13 Name : KL 15
Beam Mode : JBE Beam Mode : JBE Beam Mode : JBE Beam Mode : JBE M d H h b
_| update NoBeamMode crest _| update NoBeamMode crest _I update NoBeamMode crest I update NoBeamMode crest / eaSU re Wlt e eal I IS
passing through the hole
i g i L
4 res B reg . reg
4 E .
. ]
3 3 ] . | s Wy ......
100 120 140 180 180 300 320 340 380 360 240 260 280 300 320 300 320 340 380 380 - o O e
Crest Phase| 141.2 degree Crest Phase| 337.4 degree Crest Phase| 2748 degree Crest Phase| 340.1 degree s o Fn
Es 36.00 KV Es 40.00 Ky Es 36.00 kv Es 34.0 kv B ! ,’ .
Hame : KL_16 Hame : KL_17 Mame : KL_18 A & -
Beam Mode : JBE Beam Mode : JBE Beam Mode : JBE 3
_| update NoBeamMode crest _I update HoBeamMode crest _1 update HoBeamMode crest “: il
a5t et [ @ vemreme | (Y | p@Mewenen | | &S A pmmmmm—— X .
| | - | Crest File Update | 2024/09/24 21:46:14 |' s
B
5 a5 N — SEEEEEES ] : ——F S
o ) 1
EEEEIE R EEEEEEEEEE B Ve 4
200 220 240 260 2&0 180 200 220 240 260 200 220 240 260 280 e+ -
Crest Phase 230.9 degree Crest Phase 2301 degree Cresi Phase 231.3 degree c h I ca n e
Es 40.00 K Es 38.50 KV Es 39.50 KV ta rg et

Klystron phase and e- beam position in the center of the chicane
AHIPS-2024 17
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Why use machine learning? @ <EKE
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After the capture section, energy spread, beam size and emittance are very large

(Design optics are no longer relevant for fine tuning)

ML tuning can be worked all the time

ML tuning does not depend on the skill of the operator

Too many parameters (< depends on the goal)

Target

1-sector

T (o () (o) o) (o) (o) (e

Quadrupole

>~ ~160 parameters

] Dipole (streering)
_

Linac layout from the target to switch yard to Damping Ring @
Manual tuning is almost impossible

AHIPS-2024 19
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Optimization Program ) <exe
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Files with list of magnets . . .. - s
r . Using Bayesian optimization, or Downhill simplex

=] Open b4

Directory:  /nfsdinacts-usersdpnatsuifBP_afterTarget_wPulsel ‘ | T NatSUI
B SP_17_ 4t E1SP 22 Attt [E SP_28_21t« - \
Bl SP_17_d4t<t E1SP 23 2t<t| B SP_26_: 2 Gereral Optimizer UI - x ? Gereral Optimizer Ul - X
E1SP_15_2td [E SP_23 %% Optmaize | Graph | Optimaize] Graph]
B SP_18_47 bt B SP_24_ 3t ng ¥ sefting text
ElSP_21_ztd [E SP_26_11tt 5 i
E1SP_21_4td [ SP_26_ 3t PV naime mn  mas it
E) SP_22_2t4 [ SP_27_21txt X0: |LiMGPX_22_4IWRITE:KBP -3978 18780 |-2878
- T - - ¥ [LIMGPY_22_4WRITEKBP [3.306 5306  [4308 10
[4] w2 [LIMGEX_23_1ZIWRITE 18 [oisese [osop | [ Yeetings ]
w3 |LIMGEY_23_1 3IWRITE &5 05 1500 PV name allas
File name: | W |LIMGGF_z3_11:WRITE 43izz  [salez 48122 LiBM:SF_16_5_1ISNGL KBF EE < 0.5 4
5 [LIMGPF_23_1 5IWRITEKBP T0z61E (152515 [izrare | | |LIBMISP_23.2_14SNGLKEP (1 -
Files of type:  text Files (*.bd) w5 [LMEGF 25 22WRTE Gaoes [sana lasas || lLSMSPERAVENGLIGR G 2
o - - - x7: [LIMGGD_22_431WRITE G486 (4156 [asise | | |LWBMISP_241 11SNGLKEP as © 0.0
[ Show Hidden Files and Directories ¥8:  |LIMG:GD_23_1 ZIWRITE 46.753 [56.759 [51.759 | ‘ g
‘ [ . - .
%3 |LIiMG:GD_23_21IWRITE 49822 (59822 [s4.822 =
- s me e | Aligs used in objective 05 -
a1 __function ‘
- Parameters i ‘ 1ol
[ \
Example ofan = = - ——
P s | -
i : s | — - —
optimization -
c Y —0.855 A
I —0.860 -
£
Hz data M ata point. |20 Iteration M ;50 Wait Time [sec]. 3.0 E _0.865 |
& Bay acquisition_weight [10  defaltz, exploration:d >
o ovnhill simplex initial walue range: 20.0 % —0.870

v with set current and shift Restart Set Bast amd Finish —0.875 -

Method:Baysian, lteration 5050, meas 20720, hest y = -0.67624984008343 at x = [-3.975, 5,306, 0.13399339333993936, -0.8 T T T T

start E 0 10 20 30 40 50

Repetition 5.0, dataM 20, lterN 50 - -
Mathod:Baysian, lteration 150, meas 1720, bast y = 9333 atx = [ iteration N
setx [-2.976, 4.306, -0.8, 1.5, 48.122, 127.619, 49,543, 39.158, 51.759, 54.522]

Objective Function |

f=-(Q(BPM1)+Q(BPM2)+Q(BPM3))/Q(BPMO) The process of the objective function decreasing
Minimizing this function is equivalent to during an optimization.
maximizing beam transmission

Method:Baysian, [teration 50/50, meas 20/20, best v = -0.676243584008343 at % = [-3.976, 5.306, 0.13939993593993396, -0.5

AHIPS-2024 20




Tuning of Quadrupole, Steering
Magnets

Goal: Minimize beam loss up to the DR beam transport line

File Data HMag BPM Update

202310720 143457 vB.2

Bunch
Charge

Linac KEKB e+ Orbit

202310720 14:34:57

. DX 1st
=, RMS : 0.978
£ . Max : 11.887@58_DN_01
= Min : -1.901@5P_15_T
o -2 |
4
— 5
T
;lj% T |...I.||. e - - Illll
@ 5
DY 13t
_ & RMS : 0.554
g : Max : 3.6625P_R0_02
= - MERNE NN =
> U Min : -1.033@5P_26_1
o -2 |
4
= 5
i
0 . _— S R W T S S I 1 -
%53 I Il
5 S6_DN_01 (QLFI1N)
— 10 [«}) o i
2 = , & | DX(Isty:| 11.857 mm
. = = | DX(2nd):| 0.000 mm
g ° ) L= | Dxeznay
©.-0 = | p¥(ist):| -0.074 mm
0 O % a D¥{znd):| 0.000 mm
LN 0 O 00 00 00 00 O CODMMTAon o2 02 00 Cnon O o o0 O O O
I I I;I;I;I;I;I;I;IIIIIIIII I;I;I;I;I;I;I; |;|j|j Tk Q(ist):| 3.144 nC
|m Qt |§ |:|§ |i |:| LT |;|z |ﬁ |:|§ |Z |: |f o IE lﬁ Q(2nd): -100.000 nC
~Beam Gate—-FC 15— -Bucket Sel-Bunch——LTR B3 ~RTL BS re+fe- DR pulse; ~Beam Rep
13.493 kv[a€c| [On| |[Ast] znd | n01:[ Close noz:[Open | so1:[Open | 5533 [%]| | 1 ‘ | 5.000 [ 5.000 [Hz] [100.000 [%]
Range DX 5 —|D¥ 5 —|Q@e- 13 —|Qe+ 7 —| Replot || - Show
“Sector Bunch jie— W Cur W | Cur-Ref _j Gold _| AvelD |2023/06/06 03:28:45 Set Ref|
.HI’BI’R.C'1IZI'D_|3_|4_|5_|B_|BTH.1St_|2nd _1 visible -1 KBE _i -1 QFE | 1 JBE _| JBP | - SFE _|

SP_DM_21 (QLF5M) : DX=[ 0.00, 0.00] D%'=[ 0.00, 0.00] Qe+=[ -100.00, -100.00]

dchgth & —| sPaT 0 —| 15t —|[o1 q

_| P.H _i conti 300 —l|

resize| 6B

Beam orbit and charge before ML tuning

AHIPS-2024
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Improvement of transmission ® <exe

File Data Mag BPM Update
Linac KEKB e+ Orbit

= Linac KEKB e+ Orbit T. Natsui - = =

File Data May BFM Update 20231 0/20 14:34:57 vB.2 B f FMW
" . r T e ] Lu
Linac KEKB e+ Orbit 2023110720 14:34:57 erore i 't e oot
DX ist—— Rl
4 RMS : 0.978 z 53 m
T 2 | R et e & e e R 1 e
E i Max: 11.887255_DN_01 W 5
é 5 Min: -1.901@5P_15_T ig
‘ T 2 N,
4 f 0] &&W I&‘f WHMH/\M\‘W ™
o -2
— 5 4
=S
;Dé . 1 S — |...II| -1 . |I| gg ) . I'n
w5 & s ' | LG
D¥ Ist——— 4
_ 4 RMS @ 0,554 gmt *‘“'H"Wm—oo—ﬂ—o—m
£z Max : 3.662@SP_RO_02 o s i
=10 -5 HEENES SRS S . @ |
i~ Min : -1.033&5P_26_1 o
o -2 ! B T
TR 99989 DD WS PR GLGLL DLW R Gy
4 WTETTTE ol oty WL | EIE R g TSI i
a Wi |‘>|A|A|A>kb|‘>|‘=|&‘|:’)“y‘|‘;{}dln |§|ﬁ|r|:|z§|g 'b';'»'ém U'\Lglmlgl\sal I L e
z e 1 . I L -Beam Gate FC 15— Bucket Sel;Bunch rLTRBS——— [ RTLBS e+
A . SRR ENPUR T T SRS R R — SR — - - —_— — ——
> g ' | 1] Fle Data Mag BPM Update k
| Linac KEKB e+ Orbit :
S8_DN_01 {QLFIN) i
— 10 ]
(] DX(1st):| 11.887 mm Af \
E - y e ‘
& 5 DX{2nd):| 0.000 mm ter ¥ et '\V/ w-“&z*;’\} -
e D¥(1st):| -0.074 mm i
0 D¥{(2nd):| 0.000 mm iﬁé b S S S Y
(L OOONOCI0C0 00 00 00 00 00 00 00 COTMMDAoan OO 00 00 DO 00 0o 00 0 00 0 OO0 é 5 I 1
I T LI |$|;|;|;|;|$|;Hm||l| |;|;|;|;|;|;|; |;|j|j|f Q1st): 3144 nC i
— R3 00 e (N T e OO = RS G B i o oo — B2 oo 0 7
I 1111 LI I o P Y] P o S e Q(Zl’ld). -100.000 nC =
EoIE i R BN o =
@%ﬁi R T §_ZE NW"‘&G’(N‘WK\“*’/L’.\'M'\ ’\..,O-n
Beam Gate FC_ 15 Bucket Sel-Bunch LTR BS ~RTL BS—e+fe- DR pulse- ~Beam Rep e
13 496 kV|ACC | OH || st | 2nd | n01:| Close n02: [ Open | s0i:| Open || 55.33 [%] 1 ‘ | 5.000 |5.000 [Hz] [100.000 [%] zs
sh >°§| ! I
Range DX 5 _.|Dv 5 —|Qe- 13 — | Qe+ 7 —| Replot || oW @ 5
T Bunch Sigma— W Cur W I Cur-Ref _{ Gold _j Avel0 | 20Z3/06/06 03:28:45 Set Ref | S oot eessrmmmns
I’HIBIRICI’IIZID_|3_|4_|5_|B_|BT‘|l1st_|2nd _|visih|e| i KBE - QFE _j - JBE _j JBP - SFE _j =1 T
= g

SP_DN_21 {(QLF5H) : DX=[ 0.00, 0.00] DV'=[ 0.00, 0.00] Qe-+=[ ~100.00, -100.00] jchgth A —| SPAT 0 —| 1st — [0 [nC]| ‘_| P.H _j conti 300 — | | resizel ﬁl o e e

“TEITITTTD D0 0 00 0 D Wummeete U U DD 0T v U v w

[ A A R i i ik i A R R e R BT DA ABEAARR GG AR AT
TR VIR IS JEEEE 0000000 D5,
W

e e i O eI
»Au»»aa&u&)ﬂn'a'a'a'b‘alblb il Wy AR AN

Progression of tuning process ﬁ@-@- H@— o O @\;:.?“@::'

""" Shot

Range DX 5 _—[DY 5 Qe- 13 ;‘[ue+ 7 Replot_|
wc

~Sector ~Bunch Sigma-
W ist _(2nd| visihlel J4K

This tuning process (~160 parameters) takes a few days, so we have only done ;_;:,:;,.,;’.,;;;,',,_j,,j_,.,",;’[.:n:..j,f”“”‘ T
it once so far. AHIPS-2024 2




C Optimization to keep the condition @

Bayesian optimization moves parameters significantly

=» The downhill simplex method is used when condition deviates slightly from best ones

Downhill simplex

"

? Gereral Optimizer Ul

Ophma\zel Graph]

Sefting file name - /nfs/linacts-usersip/natsui/KBPB_S/KBP_16_5_RCTsec_knob16 bt

¥ setting text m

- X setiings
PY name min fhax init
X0: |LIEV-SH_A1_51KEPPHASE 520  [540  [53.000
X1: |LIEV:SH_A1_S8KBPPHASE 35523z [105.522 [100.522
%2: |LIMGPD_RO_B1:IWRITE:KEP 35423 [374.z9: [dpaza: | [ Y setiinge
@ |LIiMGPF_RO_61I%RITEKBF 364,852 [364.052 (374,852 IR VD elzp
w4: [LIMGPD_RO_B3WRITEKEP 169.897 [189.697 [179.897 | | [LNEMSP_TE_T_TASNGLKER Bl
w5: |LiMG:PH_RO_B3IWRITE-KEP 3458 [14560 [z458 LIBM:SP_18_5_1:1SHGL:KBP wz
xE: |LIiMG:PY_RO_BIIWRITEKEP 187 [p1s [oswo
X7: [LiMGPX_C7_4WRITE:KEP 5Es  [188  [zaso
X8 |LiMGPY_C7_4 1WRITEKEP 2659 |-06590 1659
%3 |LiMGPY_12_2 WRITE:KEP 26 |-06000 1600
XU [LIiMG-PX_13_2 1 WRITE:KEP 1612|3612 (2612
X1° [LIiMG-PX_13_SIWRITE:KEP 95590 [044088 4553
K1 |LIMGPY_13_SIWRITE:KBP 10873 [s30z00 (3302
i |LiMGPD_13_SIWRITE:KBP 105242 [125.242 [115.242
K¢ [LIiWGPF_13_5WRITEKER 135402 [155.462 (1454082
1% [LIEV:SB_C:KEPPHASE 565|965 (91500
lue to init
Limitation
(Q1/4+G2) =
Evaluate function I
-]
Beam repefition: 5.0 Hz data M at a point: |20 Iteration M- |200 Wait Time [sec]: 3.0

Optimaze method

" Bayesian optimization

* Downhill simplex

acquisition_weight: 1

initial value range: 20.0 £

0 defaltZ, exploration:3

Start I with set current and shift

Methad:Downhill, teration 2007200, meas 20/20, best y = -7 444426036537107 at x = [ 52.97743081 10016156306 364 9728

start

Repetition 5.0, datal 20, iterl 200

tdethod:Dovenhill, eration 1/200, meas 1/20, best y = 9933 atx = ||

el x [53.0, 100.52320795204975, 364,293, 374,852, 179.697, -2.458, -0.67, -2.88, -1.659, -1.6, 2.512, -4.559, 3.902, 115.243,
145482, 91.5]

AHIPS-2024
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Gereral Optimizer Ul

Optlma\ze] Graph]

0.4 — %0
0.3 xt
—_ X2
0.2 — x3
s o1 —
4 : —i5
© 4 x6
€ o0
5 i
= —0.14 X8
0.2 1 — x9
— x10
-0.34 x11
— x12
—0.4 +— . . , ; , . . 4
0 25 50 75 100 125 150 175 — 13
— x14
—_— x15
-1.07 —— Yvalue
@ best plot
—71 4
EREFE
s
S
4
73
7.4 ]
0 25 50 75 100 125 150 175 200
iteration N

Wethod:Downhill, lteration 2007200, meas 20/20, hest v = -7 444428038597107 at x = [ 5297743081 100.18156908 364.972¢
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Current Status >

DR Entrance
(€nxr €ny) = (4000 £ 400,3600 + 320) [um]

Gun

Q. = 11 nC (116%)

Exit | Q,4=10.5 nC (122%)

DR Entrance

Energy Knob Q. =3.9nC (39%)
SR 1st ' 0 Li End
m—ﬁ]&i 2 | Qpg=3.7nC (37%) | e
311.1 GeV Qs = 3.7 nC (39%)
] Q,q=3.2nC (37%
J-Arc B A BCS . 2nd ( 0)
1.5 GeV ECS oF
C 1 {’ _________ ‘I 2 . 16 - 3 4 5 PF-AR
‘ t‘
HER LER

Target
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Bunch charge and normalized emittance

* Primary electron beam has large energy spread and emittance, so it loses about ~20% up to the target
« Conversion efficiency of primary electron beam to positron beam is ~60%
« 30% of the beam is lost in the Beam transport line (SY2 to DR) - Bunch charge decreases to ~40% at the end
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C Comparison of simulated and
measured data

« Simulation (EGS5 and GPT) roughly reproduce
experimental values for the phase dependence of

yield

 Slightly different phase-dependent structure

- Simulation studies are needed
(Fahad will reports on this topic on Friday)
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B KEK e+e- Linac and Positron Capture Section Overview

B Positron beam tuning : Manual and machine learning are used together

« Bayesian optimization is very useful in improving position yield and beam transmission

 If the parameters deviate slightly from the optimum, Downhill Simplex is effective

B Current Status of the positron beam
« Bunch charge : 11 (Gun Exit) 2 9.5 (Target) 2 3.9 (DR) = 3.7 (Linac end) [nC]
* Normalized Emittance (x,y) : (~4000, ~3600) @DR, (~140, ~10) @Linac end [um]

B Measurements and Simulation

« Simulation roughly reproduces experiment

» However, differences also exist, and further investigation is needed
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