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LINAC STATUS in 2021ab COMMISIONING

General Introduction of Linac Injector

60 klystron units

-

All members of linac and MSC

o W

240 accelerating structures (S-band 2-m-long) - Two electron sources:
' " RF gun: HER injection
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Beam energy variation for each beam mode along the beam line after the J-ARC
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LINAC STATUS in 2021ab COMMISIONING

Electron Source Part

Vil

Top view

Thermionic DC e- gun (GU_AT)

- e* production e~ 10 nC (for LER injection)
- e study: 1 nC

- PF injection: 0.1 - 0.3 nC

- PF-AR injection: 0.1 - 0.3 nC

Pulse bends in 24° line:
Pulse to pulse beam switching
for RF e gun/thermionic e gun

| Ll

Side view g E""l '—-ﬂg_n
I-—-llln"'l__._.li m e i g i

% @ LAl g bl g d=

M. Yoshida, X.Y. Zhou, R. Zhang 4-35




LINAC STATUS in 2021ab COMMISIONING

Electron Source Part

0° RF Gun

* Primary RF gun

* QTWSC cavity

« Two laser beams 60°
oblique incidence

. Ir7Ce2 photocathode

‘] l‘ i »-‘-u-- -aﬁaﬂLu.--_:"r":‘fE

|l—-|‘m5'! et J “p— l"“ - _j.‘lu\ i':ﬂ

sceview @ 1o jp a J Wl § Iu g f

M. Yoshida, X.Y. Zhou, R. Zhang
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. Enomoto, et.al

LINAC STATUS in 2021ab COMMISIONING

Positron Target and Capture Section

R Sector B Sector

C Sector

from DAMPING  to DAMPING
A Sector RING RING
PF-BT/AR-BT
e U e T N
—A

= = e o FF-AR-Ring

1 Sestor 2 Seotor D Sector 3 geg10r 4 Seotor 5 Seotor  #3 Switch Yard to KEKS

hole (®2 mm)
for low emittance e- beam
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LINAC STATUS in 2021ab COMMISIONING

Positron Target and Capture Section

Large Aperture S-band acc. structure (LAS)

5 -
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LINAC STATUS in 2021ab COMMISIONING

Electron Beam (HER) for SuperKEKB in 2021ab

 Installed DOE (Diffractive Optical Element) in 15t laser line from 2020c

« Elliptical flat-top spatial distribution on the surface of photocathode (LA6mm SA3mm) for

low emittance e~ generation and avoiding discharge

« Single laser incidence in 2020c and 2021ab (No installation space for 2" laser)

Without DOE

DOE Basics : principle

Example : Conversion Gaussian to Top-Hat profile

~
1
! \f z
i b
,
H ‘
Incident Laser Beam i Y Diffracted Beam Far Fiel H
\
[
5 13 ¢
g 18 N
5 18 \
3 g !
= El o U
T §

With DOE

100 150 200 250 300 350 400 450 500 550 600 65

Laser beam profile monitor 835

R. Zhang, LCG, 2020.07
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Electron Beam (HER) for SuperKEKB in 2021ab

LIiBM:SP A1 G 1:ISNGL:KBE:10S 1st BMP after RF gun
BTeBPM:QMDIOE M _1:NC BT BMP
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M. Satoh, KEKB ARC, 2021.09 i 9-35
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LINAC STATUS in 2021ab COMMISIONING

Electron Beam (HER) for SuperKEKB in 2021ab

LIiIBM:SP_A1 G 1:ISNGL:KBE:10S
BTeBPM:QMDI10E M _1:NC

1st BMP after RF gun

BT BMP

Discharge

® .« Mis-operation under the status
of feedback on
« 2nC->15nC

Temperature fluctuation

e Air-conditioner of Al laser hut
« Al Klystron gallery

Beam tuning

« Exchange of air-conditioner
« Laser phase adjustment
 Beam adjustment

1 Performance degradation

« Quantum efficiency of

photocathode

* RF gun vacuum window for
laser incidence
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LINAC STATUS in 2021ab COMMISIONING

Electron Beam (HER) for SuperKEKB in 2021ab

LIiBM:SP_A1 G 1:ISNGL:KBE:10S

1st BMP after RF gun

BTeBPM:QMDIOE M 1:NC BT BMP
2 lasers

o . 1 laser incidenc

incidence :

L LT
sepnmas

SO duss P op o
. ]
gnes &

2/1 laser incidence

« DOE in 1st laser line

« No DOE in 2nd laser line

» Photocathode QE increased
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LINAC STATUS in 2021ab COMMISIONING

Electron Beam (HER) for SuperKEKB in 2021ab

LIiIBM:SP_A1 G 1:ISNGL:KBE:10S
BTeBPM:QMDI10E M _1:NC

1st BMP after RF gun

W/ laser cleaning;

BT BMP
| |
/WO laser | _ 2/1 laser incidence
cleaning* ] « DOE in 1st laser line

« No DOE in 2nd laser line
* Photocathode QE increased

W/WO laser cleaning

« Essential to keep QE

« *Laser cleaning tested in
2021ab but inefficient
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LINAC STATUS in 2021ab COMMISIONING

Electron Beam (HER) for SuperKEKB in 2021ab

LIiBM:SP_A1 G 1:ISNGL:KBE:10S

1st BMP after RF gun

L LT

BTeBPM:QMDI10E M 1:NC BT BMP
ir.Ce Photocathod =8
ot-€ Fhofocathpds Photocathode

SO duss P op o
. ]
gnes &

2/1 laser incidence

« DOE in 1st laser line

« No DOE in 2nd laser line

» Photocathode QE increased

W/WO laser cleaning

« Essential to keep QE

« *Laser cleaning tested in
2021ab but inefficient

Ir,Ce / Ir,Ce,

« QE:IrCe<Ir,Ce,

« Lifetime: to be estimated

« Laser cleaning: Ir,Ce >> Ir.Ce,
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LINAC STATUS in 2021ab COMMISIONING

Electron Beam (HER) Emittance History in 2021ab

KBE Bsec Emittance (2021/02/01 - 2022/02/01)

Injection Points
LINAC <y \ .
1.1GeV Damping Ring (DR) >

Cx [y _ | Beam Transport line (BT) [——5 ]~
70 R for positron ~~< 0 N
__ 60 primarye-for'é+:TherminicGun;_“ 5;( ~ ‘i Arc4 1
E s oo }"5, Vi ECS™| i BT2 ™
= ° 2 e 3 for/es : | -
% 30 un o . :o — gogo T _ S-ectc-!rC:j- & SectPrl VSectorZ ‘Se_ctorz Secto:s_ A ' Arp2—3>
= ° ° 8 ° I
LIEJ ?2 !?; %og s B : gs dﬁ oo, 3 e E+_ target N .
. o %9 © o 9 ©° o%% ’ NS
0~ ' ' Green: Emittance measured with wire scanners(WS) 5.4 BT1 Arcl
Feb 2021 Apr 2021 Jun 2021 Aug 2021 Oct 2021 .
BCS: Bunch Compression System
ECS: Energy Compression System
o  m— R m— * Unstable ye, @Sector B (e- charge 1.5~2.0 nC)
° « > Newly added pulse steering magnets in upstream
£ 300 and orbit feedback system (2021c)
s * Reason unknow on blowup of vertical emittance
200 . . .
c « > Under investigating
£ 100 » Horizontal emittance increased by synchrotron
L . .
radiation
ol 1 5 . | | o . .
Feb 2021 Apr 2021 Jun 2021 Aug 2021 Oct 2021 9 Under SImUIatlon

N. lida, KEKB ARC, 2021.09
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Electron Beam (HER) Injection History in 2021ab

1006

2 e LR Injection of electron beam
:TE i »  High injection efficiency under B,*=2 mm
g 6
. ! - Poor injection efficiency for B,*=1 mm case
2% IEE oy - Reason unknow on poor efficiency
e “ (Simulation result: ~70% under the same
. emittance level)
g 1 7 AR e « —>Under simulation
g 03 e e | o Frequent setting adjustment for injection
" i i o i septum
;»:2: o M“” I L,M “Mllﬂ@% h,crl»’A H‘ « —>Please consult other experts
&° 20 ' o ku,f _ Tf“;mm ot g4 ';_ [Lw[J Wﬂ]ﬁ Tt | » Unachievable 2-bunch injection (Injection
o 25 TS T Y W RO AN efficiency of the 2" bunch is almost 0)
Sﬁf? - >To do sufficient RF conditioning and
K J e VI LR T P T T adjust the RF pulse width, improve the
; ohomes 41 5/1 6/1 7/1 emittance of the 2" bunch beam
3/1/2021

N. lida, KEKB ARC, 2021.09 15-35



M. Satoh, KEKB ARC, 2021.09

Assembly 1

Assembly 2

Assembly 3

FC base 1
FC base 2
FC base 3
FC base 4

FC base 5

FC base 6

FC base 7*

FC base 8**

FC base 9%*

LINAC STATUS in 2021ab COMMISIONING

Positron Beam (LER) for SuperKEKB 2021ab

FC assembly, base summary

Before 2017/3 Tunnel
2015
< 2016/3 Beam line
i 2017/11 Test bench
before 2015
before 2015
before 2015  2017/3 Assembly 1
G 2018/9  Tunnel
M M
< 2016/7 2020/9 Beam !me for
operation
"l > 2017/11 Reserved
< 2019/10 Finished long
- term test
- 2020/5 Under test
— 2021/3 Under design
—

*Base 7, 8,9 (head : Cu — NC50, return yoke : SS400 — permendur)
« **Base 8, 9 Shape optimization (insulation, leakage magnetic field)

red: operation
blue: spare
black: test bench

Trial product

Trial product

Hardening
(Toyama)

Final version
modified

Final version
spare
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Positron Beam (LER) for SuperKEKB 2021ab

Il LIiBM:SP_58_4_1:ISNGL:KBP:10S i LIIBM:SP_16_5_1:ISNGL:KBP:10S

Il LIiBM:SP_28_4_1:1SNGL:KBP:10S [Jjjj LIiBM:SP_DC_4_1:ISNGL:KBP:10S

Il LiiBM:SP_15_T_1:1SNGL:KBP:10S [JJj] LIiMG:FC_15:EPC_EFF_1

8.5

8.0
7.5
7.0
6.5

primary
charge (nC)

0.6

0.5

0.4

0.3

positron yield
@ first BPM after e+/e- separation

0.2

0.1

simulation

2020/7/2  1st bunch
2020/11/20 1st bunch
2021/2/13 1st bunch
2021/2/13 2nd bunch
2021/7/6  1st bunch
2021/7/6  2nd bunch|

0

2

4

Positron beam
5 nC positron beam achieved after the positron target
3 nC is realized after DR and linac end
High positron yield closes to the simulation result

10 0.65
9 o~ -._.-"-\'1,.»....- --_-\-_- T g N N e B g ST T
8 Prlma elettron” - . 0.60
v . e+/e- design
7. T —= F
::.I"l'!l: o m ._'.q s h..'.-!'flg.""lu'-'rﬂ' ;'ﬁ' LD ""‘l.- G?F}' E! -
gﬁ':': |ﬁ~_-- : _:. .-:l.-_'- - =k .r.-- - ---: ':t‘.';.'ﬂ:OSS
= oy L ut® - HIL w °
5 5 A R S s s e S S ey
o - - - - ]
S 4 Before DR Flrst BIVIP after target 0.50
e e e
bl -
. -
2 ® After DR Linac end 049
1
0 - 1 - 0.40
21/02/21 21/02/21 21/02/21 21/02/21 21/02/21 21/02/21 21/02/21
16:00:00 16:15:00 16:30:00 16:45:00 17:00:00 17:15:00 17:30:00
‘Results of measurement
B, @MWP.1 [m] 9.504 B, @MWP.1 [m] : 20,183
o, @AW 1 -251 o, @MWP.1 1737 o
g, [m]: 1.3258E-8 g, [m] : 4 193E-10
Mg, [m]: 3.5336E-9 Ag, [m] : 1498E-10 °
VE, [m] 99.667 ye, [um]: 3.152 VgX / ng (23 nC)
Ave, [um]: 26,563 Avye, [u]: 1126 99.7/3.2 Mm @BT °
Goodness x: 827 Goodnessy: ag2 °
amagx. IROE8 orag T ias
£ Brmag x: | 14436E-8 £ Brmagy: 6.112E-10
yE Bmag x 108.522 ye Bmagy: 4,594

Qualified emittance at BT

Y. Enomoto, LCG, 2021.07

6

8

FC current (kA)

00 \\II‘\III‘II\\|II\\i\\II\\\I\i\\II|\\II‘II\\\II\\I\\\II\\II\IIII\II\

10 12

14
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et bunch charge (nC)

Positron Beam (LER) Beam Charge History in 2021ab

LIiBM:SP_16 5 1:ISNGL:KBP:10S |after e* target
LIiBM:SP_28 4 1:ISNGL:KBP:10S
LIiBM:SP_58 4 1:ISNGL:KBP:10S |Linacend

BTpBPM:QMDI13P _K_1:NC BT .

.
i
.

¥
”

P Y
|

%

AN

LINAC STATUS in 2021ab COMMISIONING

12
15 T : before e+ target

10 A 16 5. after e+ target
28 4 : before DR

DC_4: after DR
58 4 : Linac end

charge (nC)
[=)]

15T 16_5 28 4 DC_4 58 4
position

A design —-2020ab-run 2020ab-study 2020c —--2021a —--2021b

Positron beam charge history

« Stable charge operation

* Tiny loss between Linac end and BT

« Charge increased efficiently and closes
to the 4 nC design value

« —>Newly installed Q & steering magnets

» —2>Increase the gradient of AC_15 1[2]

« —>Increase FC and DC solenoid field

Y. Enomoto, LCG, 2021.07
M. Satoh, KEKB ARC, 2021.09 18-35
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Positron Beam (LER) Beam Emittance History in 2021ab

KBP BT(1st-bunch) Emittance (2021/02/01 - 2022/02/01)

C—x [y
300
c Positron emittance history
= 200 o « Stable low emittance thanks to effective
g DR
) g » Blowup problem (BTpl->BTp2)
8 °e g e ¢ ° 8? )
g 100 e oo B a‘i’%@ - o ° °® ° 5% . —~>Newly added Quad in the center of
'c ° SY3 chicane to decrease leak dispersion
LL] - —>Installation of skew quads in the
ARC2-3 of e* BT line for improving
ol o 0o Mm@ 6 o ©  o@00®® o 00 verti_cal emittance blowup _
Feb 2021 Apr 2021 Jun 2021 Aug 2021 Oct 2021

N. lida, KEKB ARC, 2021.09 19-35
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Positron Beam (LER) Injection History in 2021ab

LER
€inj[%]
N DL O

Qe [nC]

L] -

~N
G UVNEUNULDSD OO O
"

N
@

[pm])
1
=)
w
(=]

¥

-
L3
@

at B

L

3

TITH
llIlIlIlll' llllllll

VXD FW135 ye,, ye
[mRad/s]

ehemes
3/1/2021

N. lida, KEKB ARC, 2021.09

4/1

5/1

mar | | Rk iy
A | vlorradel {1/ | " o fhvn (I ‘1,\1| ol Wi
% T v b 10 R ‘lﬁﬂhﬂﬁkviim,hnli AT L

6/1

7/1

Injection of Positron beam

* High injection efficiency

» Successful double bunch injection
 Injection status of the 2"d bunch is worse

» Large beam background of Belle Il
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Other Improvement of Linac in 2021ab

Feedback On

RF Phase [deg]

I BWWMUGAWA AL L Ae coar hase Feedback. 0210508
i |
: 12 — RF phase feedback
‘ K e o [ — .
RF On oo g -T. Miura
Conf & Graph _oFF |

KL_AS HiM

KL_15

KL_A HIM
s8N

Application in many

I

Acc. temperature [deg]

Conf & Groph | Stop | ON | ON | OFF | .
Conf & FF
smthomh | = locations
— =
e C
e =

f & Gragh_ || Stop |ON | ON | OFF |

EIEIE
i

* Fast recovery from
maintenance status

i)

conf & Graph || Stop | ON | ON | OFF |

Conf & Graph_ || OFF |

Conf & OFF

- e = _

F o =
L - T «y 1. Miura, LCG, 2021.03

KL 52 MM Conf & Graph_ || Stop  |ON oM | oOFF |

13:30 14:00 14:30 LT T —

Time
B File Edit Window 2021-06-10 10:58:39  Help +
KBP (LER) SY3 KBP (LER) BT

Last update: 2021/06/10 10:57:35

Synchronized measurement

S ::.:\; Tl s -F I\/Ilyahal’a

el Ty Hom i

i e e RN == ‘ ‘ :

. ! w  Available to BPM, RF, pulsed magnet

C e[ SR 1T

5 S '\m{ i N’\T « Large data storage (ASCIlI->gzip)
....«._..::% M « Abnormal event analysis for MR abort
H-é;”;?lzsz’"las 5:.3’" sls’" H-S;”;:/s’;:’sz"'los 56" 5;” F Mlyahal’a, LCG, 202104

Energy Trend for LER. Startup time = 2021/06/07 18:54:04.9847 on localhost12.0 E\ [ ]

Y &0 100 18N 20N JRN 20N 3R 4NN 4RN  RNN RRN  RNN  RAM

J-arc synchrotron radiation Monitor
-R. Zhang

* RF phase correction
» Measurement of transverse beam size

» For orbit feedback in the future
R. Zhang, Linac Technology Meeting, 2021.04.20
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Smooth 4-Ring Simultaneous Top-up Injection

Fle Data May BPM Update
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Achievements and Issues in 2021ab

QE Measurement of Photochathode
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R. Zhang, Linac Technology KOBELCO Ir2Ce = KEK Ir2Ce ®mKEK Ir7Ce2 mKOBELCO Ir7Ce2
Meeting, 2020.12.22
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Achievements and Issues in 2021ab

QE Measurement of Photochathode QE of Photocathode

0 300 600 900 1,200 1,500 1,800 2,100 2,400 2,700 3,000 pC
Dia. 4 mm laser beam Dia. 2 mm laser beam

319 | 2995 * QE Ranking:

1107 ‘

42(.3-1 ’ w4 KEK Ir,Ce, >
209 L KOBELCO Ir,Ce >

3189 | - & KOBELCO Ir7Ce2 >

883

e i I | einte

2911

& | Y « Discharge Probability

- KEK IiCes

KOBELCO Ir,Ce

2618
569 \

T ' « Adoption of KEK Ir;Ce, from 2021ab

2455

a8 | s « Achievable bigger size

3013
1590

1864

295 \

1893
1010

4,400 3,900 3,400 2,900 2,400 1,900 1,400 900 400 pC

KOBELCO Ir2Ce KEK Ir2Ce ®KEKIr7Ce2 mKOBELCO Ir7Ce2

R. Zhang, Linac Technology Meeting, 2020.12.22 24-35



INJECTOR GROUP STATUS

Achievements and Issues in 2021ab
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Achievements and Issues in 2021ab
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INJECTOR GROUP STATUS

Achievements and Issues in 2021ab

Arisen issues in 2021ab

« Serous discharge - Uniform laser intensity distribution and smooth RF conditioning

« Performance deterioration of RF-gun window - Component analysis of deposits

« Unavailable 2-bunch injection - Sufficient RF conditioning and adjust the RF pulse width, improve the
emittance of the 2nd bunch beam

* Not achieved charge at BT end > 2 nC - Next page
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INJECTOR GROUP STATUS

Upgrade for Higher Charge from 2021c
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for higher HER injection efficiency
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~ KBE operation requires big and uniform laser beam with DOE
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Upgrade for Higher Charge from 2021c
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Upgrade for Higher Charge from 2021c

1t Flip mirror:

“——— for switching laser to KBE mode
or cleaning mode

R. Zhang, Linac Tec
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Upgrade for Higher Charge from 2021c
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Upgrade for Higher Charge from 2021c
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R. Zhang, Linac
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INJECTOR GROUP STATUS

Upgrade for Higher Charge from 2021c

o~
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for compissioning
~ | T —h
: | +e—— 20 Switching flip
mirror

I'_'aser wiith.small beam
spot for cleaning
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Two Tier Laser Configuration
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SUMMARY

« Smooth linac operation in 2021ab
 e:1.5nC @BT and unachievable double bunch injection
« e*:increased charge smoothly and working well
« Successful 4-ring simultaneous top-up injection

« Others effective improvements for efficient operation from all groups

* Injector group status

» Laser systems working well in 2021ab commissioning

pgrade of laser system for high performance operation from 2021c

THANKS'!
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