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Stage

Beam
Energy

Stored current

Life time
(min.)

Bunch charge
(nC)

Norm.
Emittance

(gbe)
(mmrad)

Energy
spread

Bunch / Pulse

Repetition
rate

Simultaneous
top-up
injection
(PPM)

KEKB (final)
e+ e—
3.5 GeV 8.0 GeV
16A 1.1A
150 200

primary e- 10
1 1
1400 310
0.13% 0.13%
2 2
50 Hz
3 rings

(LER, HER, PF)

Phase-|
e+ &=
4.0 GeV 7.0 GeV
1.0A 1.0A
100 100
primary e- 8
1
— 0.4
1000 130
0.50% 0.50%
2 2
25 Hz
No top-up

Phase-lI
e+ =
4.0 GeV 7.0 GeV
0.5 1
200/40
150
(Hor./Ver.)
0.16% 0.10%
2 2
25 Hz
Partially

Phase-lIII (interim)

e+ e—
4.0 GeV 7.0 GeV

1.8A 13A

150/30  100/40

(Hor./Ver.) (Hor./Ver.)

0.16% 0.10%

4+1rings (LER, HER, DR,

PF, PF-AR)

current stage

Phase-lIII (final)

e+ =
4.0 GeV 7.0 GeV
3.6A 26A
6 6
primary e- 10
4
-4
100/15 40/20
(Hor./Ver.) (Hor./Ver.)
0.16% 0.07%
2 2
50 Hz

4+1 rings (LER, HER, DR,
PF, PF-AR)



Pulse to pulse swiching:
rf e- gun/thermionic e- gun

Thermionic DC e- gun
(GU_AT)

PF AR injection 0. 3 nC

sy &

\\ \L\ L\\H\\\M\

Secondary RF g.un
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CDSE&EF&;

* New Cavity
 New vacuum chamber
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R Laser system development

Yb fiber Grating pair Yb fiber Nd:YAG DPSS Wavelength \
oscillator stretcher amplifier amplifier conversion

J
S = A 1stline
L 2“dline/

10 ps
* Final state Pump @ 808 nm 1.2 kW
%X 12=14.4 kW=3.6 J DPSS (2020.7)
*  OQOutput Power:  »(1030 nm):32 mJ,
2w(515 nm):13 mJ,
4w(257 nm):1.8 mJ

% »  Oscillator and pulse pickers

are synchronized with the

: RF signal

g\ ©  Fiber structures with no
cooling system

3 B DPSS £V a—)LA3Zi#h (2020.7) 1%t line only
/MNWW\MM N A MMA_, IA lA s |
SOA E.O. “~~~$ B .
Repetition frequency 114.24MHz 10.38MHz Pockels cell 1 =25 Hz single bunch

Synchronized with 2856 MHz RF trigger

L Pump beam 25 Hz constant m m m

€ 2 beam sources
€ 1-25Hzsingle/double bunches selectable
€ Several month 24h/day running without maintenance

J
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[KIBIK -
Laser transport line
A1 ground laser hut Tunnel A1 RF gun box 1 il
po[Jel TR \ A N
- un ‘ | '
A7) T 550 - Operating mode

r/d Single laser injection
De(lay ﬁne * For both _gl_ms _
LB 3 ; Two lasers injection
1st line . $eo * High charge
* Source(7*¥) + Clean(2?)
Moolarizet™* 9mlong B8O - 25(1°)+25(2%) = 50 Hz
pipe line S | aser room

* Monitoring all the laser situation
and synchronization state.

* Remote control system

* Realize real time UV laser beam
profile monitor

* Improve temperature stability in
the laser hut

* Beam position monitor and auto
feedback program
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e Profile reshaping (2019)

* Aperture of the beam illustrated

Al X

mittance
7
7z X
Linearity,
}
Laser spatial distribution Phase space

s MEED L. 2YT A DA
c E— L2 RE
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[KIBIX Reshaping of laser spatial distribution
st |1
» Laser beam homogenizer: Diffractive optical 1 Ilne Only (20207)

- ictri i The homogenization is obtain with the sum of the
element (DOE) for flat-top distribution sy s i A

» Special compact vacuum chamber is designed,

~S= Far Field

due to the micro structure is weak at dust

v No electrical discharge with high charge

commissioning

v’ Laser beam stability is also improved

Diffractive Homogenizer

O Low emittance effect is expected

x  Beam size is fixed (For high charge)

DOE Basics : off-axis configuration

To avoid any zero order hot spot

DOE Lens

\

The useful shaped pattern is deported off-axis
to be separated from the focused zero order.

¥y—LazrALIL

Incident Laser Beam
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Beam Charge [nC]

QE & Lifetime

| oOffline

Ir;Ce
Ir.Ce, + Heating (2018)
Ir,Ce + Heating +Better vacuum(2019)
Ir,Ce,+ Laser Clean (2020)

The QE dependence of the laser energy
* QE decreasing by increase the laser energy

3.0fF Beam Charge 120
O 1stlaser °
O 2nd laser
1a O 1st+2nd laser le) |
25 — oW 38‘9 o 100
5 Quntum Efficiency 81308 o
] O 1st laser 8 =
20 s O 2nd laser DS © 80 2
O T | O 1st+2nd laser| ‘ 3
32
+o 60 &
- R0 on Y’ @
- Ry e =]
fhoe a <
10 B, T R, 40 B
B> S0 e O _— A
£ -. :'A;. g ‘-2‘. 0 wa’@cﬂ fi -] o —
05 A 20
0.0 2020.03.27
0 100 200 300 400 500

Laser Energy [uJ]

1.5x104 1.5%10° (3-2)

1.0 x 104 1.5x%x10°5 (A1)
5.0 x 104 2.0x10% (A1)
- 1.0x 104 (A1)

The QE transition of the time

» The QE drops rapidly, from about 50 hours after
cleaning.

» After that, it appears to be gradually decreasing.

Transition of quantum efficiency after laser cleaning
A 2020/2/16 17:44

A 2020/3/12-15:42

—e— 2020/3/26 16:04
—2020/4/20-16:15—
2020/5/7 16:55
—®— 2020/5/12°11°52

2020/5/27 10:03

2.0E-05 - A —e— 2020/6/3 10:59
AA& 2020/6/10 10:06
1.5E-05 —A \' A j\. 2020/6/17 11:49
M 2020/6/23 10:25
1.0E-05 — o A
5.0E-06 T T T T T T
0:00:00 72:00:00 144:00:00 216:00:00 288:00:00 360:00:00 432:00:00
iming
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o Bunch Charge feedback
KEKB e- (GR_A1) CHG Feedback (2020.4)

-
O
£ ’ e .
S : s .
£ ¥ Lo Charge s
< ¢ % S feedback ON

* . & o
% ) N ’¥ & MR D . 0.7 nC
< 1 *® *» .“: "3. 0.::"’ .V\ h .
' s * . %o R

. - :0 t . -

o . e PR -

08 20/0117

20/01/25 20/02/02 20/0210 20/02/18 20/02/26 20/03/05 20/0313 204

5/16 20/05/24 20/06/01 20/06/08 20/06M7 20/06/25 20/07/03

09-00:00 0970000 09:00:00 09:00:00 09:00:00 09:00:00 09:00:00 09:00:00 09:00:00 080000 0%00:00 090000 090000 090000 090000 090000 090000 090000 09:00:00 09:00:00 09:00:00 09:00:00 09:00:00 09:00:00

~Conf

Graph
~S E S
Configure KEKE e (GR_A1) CHG F.B Parameter KEKB e (GR_A1) CHG F.B Parameter Graph 9‘. ,v_y = 75\ 1:5- ;E""' 1EI & 7(-~ é
monitor PY: [SP_A1_G_L:ISNG actuator Pv: N _GHD:LSR_ENG d
monitor average [sec]: 5 output value: | 0.009980645161 ) — > »
monitor update threshold: 1e-12 P: [ 0.009980645161 072 r J: , N I/ I , I ~> ) l/
monitor update status: UPDATE 1: | 0.000000000D00
. - . ] 120 =F

charge threshold pv: [SP_A1_G_1:ISNG D: | 0.000000000000) | =

charge threshold value: 0.1 actuator monitor PV: |_GND:LSR_ENG: g 07 o A/Rl TE
monitor value: | 0.696003670968 | actuator monitor PV value: | 120.475580573 E I § - T ﬁ - - 3 T ﬁ
target value: 0.7 High limit on output value: 1.0 5 b - S -
E 115 A/R = Y/ ol A IE
Beam OM/OFF PY: 3A:BEAM:KBE_GF|  Low limit on output value: -1.0 -
beam on wait [sec]: 1.0 Proportiohal Gain: 5.0 ’ | -
Beam OHIOFF: i1 Integral Gain: 0.0001 g o
actuator READY P¥: |Al1_GND:LSR_EHN/ Derivative Gain: 0.0 110
actuator READY: READY Feedback OM/OFF: OH ; i . ;
Feedback Status: Run 2000518 20/05149 2000519
20,08 40 01.40:00 07:13:20
Save Load | Titme Axis
-~Scale Visible
ON OFF W Autoyl max: |5 min: -5 @ monitor @ target @ output ‘
G g e | S (TE Clear All | Clear Half | Close |
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«sx | aser cleaning / Focused laser size

Irradiation of shorter-wavelength laser (2" laser line only)

B X & 2

Charge

Scan using focused laser beam without RF

Laser cleaning works for recovering QE in maintenance day (every two weeks)

Automatically running by program

—4—2/6 Before laser cleaning Iris:2.0mm
(nC) —=-2/6 Laser cleaning Iris:2.0mm

1.6

14

OE=3.7x 107

1.2

-

1

0.8 -

Focused laser size

0.6

0.4

3 2.35 24 2.45 2.5 2.55 2.6 2.65 2.7

2.75 2.8

ol GR_A1 Cathode Mapping,Cleaning - =
File(F)
Parameter
Axis Start Stop  Step Gount  Waitizec)  Correction{deg/mm)
¥ | 24000 [ 2roo] | i [ 10 [ oonag|
¥ [ 1as000] [ 19.0000] | ) [ 0 [ oooao|
Ciomman Mode

Points: l:l Interval(zec) () Mappineg (@) Cleaning

Base Position

H: Y Lazer Phaze :

Current Pozition

BPM
w: [ osre] v: [-osea2] - [ ooos1| [

# Cleaning Start Time:2020/02/06 05:28:07 ~

W

Open Edit P Panel Start Stop Wite File

ROT-X

= FFEMapping & Laser
Clearning7 B S LxRFELT-
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Laser Cleaning On

LUBIK
(E M¢®E% ok |
15t line: ~700pJ 2" line (clean laser) : 300

200
o —Laser output —Charge 1Hz SHz
©,150 4/_"7*,‘—%7;
> Charge feedback (1nC) (2.5nC)
é 100 < =
2 Hz stop
@ 50
©
-l

O ,”/, \\\\
2020/7/2 3:36 2020/7/2.8:24 2020/7/2°13:12 2020/7/2 18:00 2020/7/2 22:48 2020/7/3 3:36 2020/7/3 8:24
Time
. « Adjust the laser output energy to
50 14

45
40
35
30

1.2

0.8
0.6
25 0.4
20 0.2

15 0
10:51:10 11:05:34 11:19:58 11:34:22 11:48:46

15 minutes

stabilize the charge
« Continuous laser cleaning between
pulses
» No discharge (maybe due to DOE)
« Maintains at 2.5 nC



(_(E‘)_ e- beam emittance (~ 1 nC)
X,y ~15 um at Sector-B, Sector-C
- Emittance growth at BT2 in both directions.
« Emittance could be increased at around solenoid section in Sectorl.

—e—e- RF gun(Phase2) —e—e- RF gun(Phase2)
—+—e- RF gun(Phase3.1(27/Jun)) —+—e- EE gunggpaseg-;gi%h?;)
e- RF gun(Phase3.2(4/Dec)) e- gun ase ec
[ e- RF gun(Phase3.3(5/Mar)) 700 —e--RF-gun{Phase3.3{5/Mar|)
[~ e RF_gun(Phase3.3(3/Apr ) e = ,.Rgs;n,g?hasg%%@ Aor)
600 -Phase3.3 target . H—— Phase arge
Phase3 final tar et H—— Phase3 flnal target |
s —F = % il Injection Points
E [ : / E so0b O 5 J
3 400 1 ] . 3- F I
> F T I‘:’:,f‘l 1 - 30@;—
W A ' = E
> 200 //%_q_ll:\n ; i > 200 / { - T e (BT) Q@Q\
- ; 150 = FoAL ] —
g - - - 100F ! eam lransportiine A

of &= | [ T —_—————
B C 3 5 BTLBT2 B Arca /
i B C 3 5 BTL BT BT?2 ‘ ;
Horizontal Vertical ‘ i

1
B A ] Linac ] 1~ / Arc2-3
| I
3 Arc0 BT1 Arcl
2020/9/ 1 1 1




(& ‘EI.E‘;‘:.";T‘N‘Z';;“éﬁi\'éf;fLi‘?.’i_fﬁk‘?é‘&?!l‘éLiiii"éfﬁ"é‘}?ém.M-,».ON _ _
<5< Steering magnet and BPM In solenoid
section

« There is no BPM and steering magnet between e+ target and 16 5
unit.

« DC steering (x4) and BPM (x4) will be installed in this summer
shutdown.

It could be help to cure e+ beam loss and e- beam emittance growth.

Target: e+ W target
FC_15: flux concentrator
SC: screen monitor

SY, BPM

S)( Bp|\/| S>_(, BPM AC: accelerating structure
SP: BPM
el i el e SL: solenoid
sc15T‘ [SL16.2 SL.16.22~SL 16 32| [sc.16.4] I BM: bend
[SLTeT1s] 16.11~SL 21| PX: horizontal pulsed steering
ENER *SUNSL R % g 1 PY:vertical pulsed steering
g ﬁ CHOHC-CHIHHHIH I -CHH O B - CH)
SP15T [@D_16.51| [aD_16.55| lap_16
| | EREE
T] [stasT | [stast ] [sLi611] [ sLi1622 | | sL1633 | [Gv.164] [0F1643|
[coie56)
< >

No BPM and steering magnet
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-
TP BT
St e+ beam emittance (~ 1 nC)

« e+ beam emittance in linac and BT1 are smaller than current goal.
« Emittance growth at BT2 in both directions.

The reason for the emittance
600 S 50, S growth from BT2 is not clear.
F[——e+ (5/Mar) | [ [—e—e+ (5/Mar)
500:—- ———Phase3.3 target ||| 40f-{——Phase3.3 target 1. ]
_ apgf L "hase3 final target ~ | Phase3 final target / More studies are needed.
E C E 3pL I
= E 5 Y ; - ‘
=~ 300 ~ L ! i § 3 s
x f > 2@_/ Injection Points
w L w
> 200 - E { i i
10@: | ),_f-f‘*\\;/ ‘.‘ 150 1@:_ t
E e : ; ; : BT) X
( ‘ p— e — Beam Transport line (BT :
DR 3 5 BTL BT? e s & 511 B2 P )%

Horizontal

\Vertical Arcd /’

l : BT2 ” "
B A :,
4 g

M

; Linac

J-ARC a ! / At

(@)

2-3

2020/9/ 1 — | 1 | T / / \/ =
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KK FC assembly, base summary

Phase 1 | Phase 2 Phase 3 | 2019 2020 2020 2021 delivery removal | Present status remark
autumn spring autumn winter~ (2020/6)

Assembly 1

Assembly 2 <

Assembly 3 . )
FC base 1

FC base 2

FC base 3 )

FC base 4 e

FC base 5 4—’4_—

FC base 6 1 . ]

FC base 7* ——l

FC base 8** —> <

FC base 9** —

g

Before 2015 2017/3

2016/3

2017/11

before 2015

before 2015

before 2015  2017/3

2018/9
2016/7 2020/9
2017/11
2019/10
2020/5
2021/3

« **Base 8, 9 Shape optimization (insulation, leakage magnetic field)

« *Base 7,8,9 (head : Cu— NC50, return yoke : SS400 — permendur)

blue: spare

black: test bench

red: operation

Tunnel

Beam line

Test bench
Trial product
Trial product

Assembly 1

Tunnel

Beam line for

operation

Reserved Hardening
(Toyama)

Finished long

term test

Under test Final version
modified

Under design Final version
spare

Y. Enomoto
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|
CFRTRATE
[KIBIK Comparison FC base

Base 5 Old design 12 kA in beam line
(in operation) + large slit gap
SS400
Base 7 NC50 Old design 4.5 months test O O+ *
+
permendur
Base 8 NC50 New design Cooling water leakage was found. © O+*
+ (optimized) (already fixed and tested during 4 days)
permendur

All FC bases achieve 12 kA in test stand. (*) return yoke (permendur) makes higher magnetic field.

*Optimized yoke shape Base 7 and older
- Reinforced insulation (FC head support) ,
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sk Test result of new FC: 2020/1 — 2020/6

1

12 — ~h ' Ut '
g 10 — —
= 8 — _|
o
> er -
2 41 |
2 L —]
9_ / —
10 of 3
6 ]
4 i
5 2 ]
o 5| |
> 10 8F L_'_E
® o | L ]
% L — — .

7’

6 { I { I
10
2020/01/01 2020/02/01  2020/03/01 2020/04/01 2020/05/01 2020/0%01

date Replace FC base 7 => 8

During long term test, no trouble (discharge and vacuum pressure problem)
FC base 7 test: ~ May 2020
FC base 8 test: June 2020 ~

Y. Enomoto
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positron yeild

.« Positron yield by FC (base 5) beam test Y. Enomoto
E A simulation @ 16_5 E : _ :
0'6§ e 165 (July3. 2020) . A 4 4 2 | Positron y_|eld |s_35% lower
05E A 4 3 | than the simulation.
T s 2
04 N 5 -Differences between exp.
3 A % E and sim. conditions.
0.3E A E ( E/B field, primary beam
- A E direction/position, em
0 2& ! E shower sim. etc.)
01E 8%?209,2%”2 E,F,{zugn)zozoa’ ) - 1 The cause of the difference
; e- bunch charge @target =8 nC é is not clear.
0-0E||||I|||||||||I|||||||||I|||||||||I|||||||||||||||||||I||\||||||I||||E
0 2 4 6 8 10 12 14 \We've started a detailed
FC current (kA)

iInvestigation.

Ratio of bunch charge of positron at capture section exit to primary

electron vs FC current.

There are no BPM and steering magnet until 17 m downstream of the target.

( Only 6 acc. structures and solenoids)

2 stripline BPMs and 2 BPMs for e+ and
be installed in this summer.

4 steering magnets will
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[KIBX

Abnormal energy beam
- Collimator at ECS of linac end -

« Klystron down or rf phase trip could cause energy change.

* In the case of e+ beam, ECS (in linac end) can correct it to a certain
extent. Beam can go through BT and into MR.

« To prevent such beam, collimator will be installed in this summer
maintenance.

2020/9/28 Y. Okayasu
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B Summary
© Bunch charge

® Stable and enough bunch charge in this stage

® e-:1.3nC (from gun), 1.0 nC (linac end)

® e+: Primary e-: 11 nC (from gun), 9 nC (on W target), e+ : 2 nC (after target), 1.2 nC (linac
end), 1.2 nC (BT)

¢ RFETHOER

® 90° CDSHEEMLL-

® DOE EA /18 L—H—i&5&
o Dyi—(FE<ELEoT:
- h/—kFarRFE@L

® HHfLaser Cleaning On (2UERL—4—)
* 1,5 Hz T Inter Pulse Laser Cleaning 3 (3001.J)
- 2.5nC THFTE
e Trigger VAT LZHIE

® Position monitorz % &

®c+tDERE
® FCA Y% Z (High bunch charge)

® Solenoid(ZSteering magnet & BPM% &0
c e+tE—LDIEkLe-E—LDIZIVEVADEMERET S
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Summary 2

@ Beam abort FERED R =E

® Pulsed magnet misfire (orbit)
 Control software have been improved.

® Install collimator at ECS (Linac end) in this summer shutdown.

@ 50 Hz operation® ¥ its

® \ertical pulsed bends and chambers will be replaced new one for 50 Hz operation
of thermionic e- gun (LER, PF, PF-AR) in this summer shutdown.

¢ R
® Emittance growth at BT2
® Reproducibility
® Low emittance w/ high bunch charge (~ 2 nC)



