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A Development of RF gun drive laser system for SuperKEKB

A Summary and outlook
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GENERAL INTRODUCTION of LINAC INJECTOR

General Layout of Linac Injector

60 klystron units

-

o W

240 accelerating structures (S-band 2-m-long) - Two electron sources:
' " RF gun: HER injection
AW TITTT 4 x’fﬁ.wﬂ"s\.
i) [ }uﬂ 8 Sectors (A-C,1-5) P thermal gun: LER, PF, PF-AR
———— Energy¥Knob Thermlonlc gun j’ 1:1 1 GeV e+ - Sector 3-5-
i A . | ‘}";:’ e+ DR Damplng Rlng —J.
~y==coszas I-I-I(-l_v] Egotocathode it }/ All magnets are pulsed magnets.
gun 0 N ' :
JARC B A I Bt 38 Continuous orbit feedback
1.5 GeV EY . ECS oF
---------- Ry
¢ 17 ) 2 o 3 4 > )/é PF-AR
m “:'. - 1 :f ------- 1 - L] 1 r-------- ] f------- A_._i_._..
ot N— chicane LER
target e+ capture section Energy Knob HER
7000 ] ] 7 HER 7GeV
6000} Acceleration IPF-AR 6.5 or 5 GeV
950005_ 4.2 GeV 3
2 4000 Q- Stand-by {LER 4 GeV e+
Ly 3000F- - e
2000l 1.1 GeV Deceleration™3 PF 2.5 GeV
: e+ target e+ . 3
yﬂ:— cceleratlon =
o :

200 °

Beam energy variation for each beam mode along the beam line after the J-ARC
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GENERAL INTRODUCTION of LINAC INJECTOR

Electron Source Part

{

RF gun (GR_A1)
e study: 1 - 3 nC (KBE for HER injection)

Top view

Thermionic DC e  gun (GU_AT)
e* production e: 13 nC (KBP for LER injection)
e  study: 1 nC (JBE)
PF injection: 0.1 - 0.3 nC (QFE)
PF-AR injection: 0.1 - 0.3 nC (ARE)

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

| Ll

_ _ ] --' '—'F'I"n i
Side view -JEly &~ 28 ol § i ——aimm il -l

% @ LAl g bl g d=
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GENERAL INTRODUCTION of LINAC INJECTOR

RF Gun at Sector Al of Linac

bo.  0° RF Gun

>4 A Primary RF gun |

A QTWSC cavity

A Two laser beams 60°
oblique incidence

A Ir,Ce, photocathode

" P ..::;"'T"."‘L

: 3 A 'm ki
|l—-|‘m52 et J “p— l"“ o[ | TR i':ﬂ

sceview @ 1o jp a J Wl § Iu g f

M. Yoshida, X.Y. Zhou, R. Zhang
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GENERAL INTRODUCTION of LINAC INJECTOR

Electron Beams Merge Part

Thermionic DC e gun (GU_AT)

2 subharmonic bunchers (114 MHz, 571
MHZz) and 2 bunchers

A e for e* production (LER): 13 nC

A e study: 1 nC

A PF injection: 0.1 - 0.3 nC

0° RF Gun
A Primary RF gun
A e for HER injection: 2 nC

90° RF Gun
A Spare RF gun
A Under testing
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. Enomoto, et.al

GENERAL INTRODUCTION of LINAC INJECTOR

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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GENERAL INTRODUCTION of LINAC INJECTOR

Positron Target and Capture Section

Large Aperture S-band acc. structure (LAS)

5
‘ | —_— glu; Co gcpnlrator
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Y. Enomoto, LCG, 2020.07 8-27



General Introduction of Linac Injector

Beam Injection Pattern Generation for 4-Ring Simultaneous Top-up Injection

&=

File conf

Rep | Pattern |

InjPattern Multi — newevg

InjPattermn Multi —- newevy

Z020f05111 23:22:55 v4.2

- 0 X

KBP Beam Gate

SKEKB: [Open) Linac: |Close 0pen| Closel

2020/05/11 23:21:55 » set pattern finish.
2020/05/11 23:22:06 » use preset data. 20200511-232051 csw |

2020/05/11 23:22:06 » set pattern finish. v
Beam
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[ Equal spacing -1 Equal spacing [ Equal spacing W Equal spacing [ Equal spacing
25,000 — | set | 18.000 — | set | oo — | Setl oo — | Setl nooo — | set |
25.000 & ) ] 2| 16000 & o &l 2| o000 @ @ &l ]| (0000 & @l 0000 & B9 =l
| write | read ||| write | read ||| write | read || | write | read ||| write | read |
[25.000 | 25.000 ||| [ 18.000 | 18.000 ||| o0.000 | 0.000 || | 0.000 | o.000 | ([ 0000 [ 0.000 |
_KEKB e- Study _KEKB e+ Study _PF-3T e- Study _PF-A1 e- Study _AR e-Study
(JBE) (JBP) (RFE) (SFE) (ZRE)
W Equal spacing W Equal spacing W Equal spacing W Equal spacing W Equal spacing
FBP ReqRep Hzl— || ooo0 — | set | voo — | set | 0w — | set | oo — || set | nooo — | set |
oo | I T | e e e e | e e e e e e
(‘“*-“”‘,i”““ [write | read ||[[ write | read ||| write | read |||[ write | reas | |[ write | read |
25000 [Hz| | 0.000 | o0.000 ||| 0000 | 0000 ||| 0000 | 0000 ||| 0000 | 0.000 | ([ 0000 | 0.000 |
~DR Stored Time—
KBP I Other GR_A1 LASER
| 40 |1 |z|]u | KEKB e- ~KEKB e+ Sef KLY HY ~GR_AT Pump A -~GR_A1 Pump B
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| o.0o0 25000 ||| o0.00 |18.000 ||(|[ 50.000 | 50.000 || [ 25.000 | 25.000 || o0.000 | 0.000 |

Read | Sel Beam ALL O | open pat info |

EVG setting | Set Beam ALL | Set ALL |

[ InjPattern Multi — newevg - 0O X
File conf InjPattemn Multi -- newevg 202000511 23:22:25 4.2
Rep | Pattern I
Beam FP_Z1_T— -KEKB Septum GR_A1 LASER——
KBE JBE KBPu ACC KEKE e-fe+ Septum ON Pump A ON
KBP JBP KBPd STB KEKB e- Septum ON Pump B ON KBE: SuperKEKB é- (HER)
PFE RFE JBEPu OFF KEKE e+ Septum ON OFF KBP SuperKEKB e+ (LER)
QFE SFE JBPd KEKB Septum OFF ’
ARE ZRE | 8 QFE: PF
NIM NTG [ H
Read | 3et
‘ Start Index: || End Index: [50 Read | Set | Save | Load | Save Preset | ‘
0-50 I 50-100 | 100-150 l 150-200 | 200-250 | 250-300 | 300-350 | 350-400 | 400-250 | 450-500 |
Index
_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I
R | e e e e e o
G Sy R OO o
GR_A1 LASER
Index
KEKB Septum
GR_A1 LASER

M. Satoh, et.al

A Selectable beam repetition rate according to the demand from each ring

A Adjustable priority for different case
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Fle Data May BPM Update

GENERAL INTRODUCTION of LINAC INJECTOR

Smooth 4-Ring Simultaneous Top-up Injection

Multiple Injection Monitor
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DEVELOPMENT of RF GUN DRIVE LASER SYSTEM

Neodymium-doped YAG (Nd:YAG) and Ytterbium-doped YAG (Yb:YAG) for 1 em Laser

Yb:YAG Laser

4

Nd:YAG Laser
ase antum A Quasi 3.energy level laser with low

' A
1 laser) A
A

A

Absarption cross section x 1072°

A Used in phas tem under
construction
y F:\.'z' zHgﬂ
= 25 "‘Fj".2 &0 }—Absorption 2I:
= - 1 s —K 52
{212 E &
e gl € E| E| E[ E 25 |
5 - 2| 2 g 3| 8 2 % | 940 nim
8 H g8 & gl £l & g2
M 8 " gém
3 /\J\ fing - 17 1050 nm
5 S =8
5.l 4 g 1030 nm
AN mn n .ﬂn wo b A17E | el /
ARG SRV 'L AW | WAV a “ [~ A\ -
D'I'?U 800 810 820 16-’40 1060 1080 1100 1120 1320 1340 1360 o0 e 2 900 925 950 975 1000 1025 1050 1075 1100 Y T
Wavelength (nm) 3 a Wavelength (nm) ZF?.E

11-27



SSEd:7§\\\\\\\§>
4
dg
"' sse
ssedg

‘:jedv "'

LONG-TERM OPERATION PLAN of LASER SYSTEM for RF GUN

Yb:YAG Disk Laser and Nd:YAG Rod Laser

Yb:YAG thin disk laser

Yb:YAG disk
laser head

» A
~

sedz

A

4
A

Yb:YAG disk thickness: 1 mm

A Good thermal management and modern laser design
A Necessary multi-pass for amplification

A Used in Phase |

A Poor stability and complex adjustment

A Not suitable for accelerator long term operation

VCSEL Module 18 B

Nd:YAG rod laser

$2

[ .
- | Nd:YAG rod length:
80~95 mm
Photo Diode
LIilJ:GR_A1_GND:NDYAG1_2nd
VCSEL Module 2E¢ B v
2 0
o m
] "
z
] r 4

Too oo To To To

Mediocre thermal management

Single or double-pass for efficient amplification
Used in Phase Il and I

Good stability

Simple adjustment and fast recovery during trouble

case
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INTROCUTION of CURRENT LASER SYSTEM

Yb-Fiber and Nd:YAG Hybrid Laser System

Menlo Orange 1 (1030 &1064 nm)
' Menl 2 (1 1064
Flbe.l’ enlo Orange 2 (1030 & 1064 nm) A N
Oscillators (114 MH2)  [rememsemprpperosimn

Fiber Semiconductor Optics
o Yb Single Mode Fiber Amplifier (SOA) Yb Single Mode Fiber Yb Single Mode Fiber
Amplifiers (10 MHz) Amplifier 1 iy 114 MHz > 10 MHz I Amplifier 2 .y Amplifier 3

Upstream

EO Pulse Picker Ny 1st Nd:YAG Laser Line with 5 Stages Rod Amplifiers (High power 5t stage)

10 MHz - 1-50 H
Nd:YAG Rod Laser Double bunch
Amplifiers (1 25 HZ) Beam splitter 50:50 iy 2nd Nd:YAG Laser Line with 5 Stages Rod Amplifiers (Will update 5t stage)

YCOB in 1st Laser Line BBO in 1st Laser Line
1064 nm = 532 nm 532 nm = 266 nm = DOE

Wavelength Beam Polarizer Beam Polarizer
BBO in 2nd Laser Line Combination for Two Division for Two Laser BBO in 2nd Laser Line

Conversion 1064 nm = 532 nm A Laser Lines lines A 532 nm > 266 nm

Transporting Line for et e [l
Two Lasers (11 m long) > Tunnel RF Gun Box

Injection From Two
13-27 RF Gun Windows

Downstream




INTROCUTION of CURRENT LASER SYSTEM

Yb-Fiber and Nd:YAG Hybrid Laser System

Laser from

fiber stage :
— 1st N_c!.YAG rod
L R 1 amplifier Stagemr::
C € on O 3rd stage

2nd stage Al &5 ("

" 5th stage

(.

f

&
Yy

.

b athystage




INTROCUTION of CURRENT LASER SYSTEM

Yb-Fiber and Nd:YAG Hybrid Laser System

: iu .--..‘. I% 8
B e, L

o "‘*‘""‘jf*tp: =23
"': “9@\ = wr’r:.ne iyl

= "t ! ! ; |
N—

e
"
o i e
H f"‘"‘

B i -
] o
T2 A
e ?lﬁf

O0 RF Gun

Al Ground Laser Hut

Green Lasers
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INTROCUTION of CURRENT LASER SYSTEM

Yb-Fiber and Nd:YAG Hybrid Laser System

From
A1G Laser hut

1
To GR_A1 BOX 16-27




INTROCUTION of CURRENT LASER SYSTEM

Yb-Fiber and Nd:YAG Hybrid Laser System

From
Tunnel Laser BOX

From
Tunnel Laser BOX

From
Tunnel Laser BOX

Laser 1st Line o

To ‘ S . :
GR_AS BOX Laser 2nd Line
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INTROCUTION of CURRENT LASER SYSTEM

Yb-Fiber and Nd:YAG Hybrid Laser System

Simple illustration for 2 lasers incidence

Al ground laser hut Tunnel optics table

2nd line ﬂ > 9 RF gun
e % BBO
A

2 o~
Delay line Flip mirror € beam

BBO

HWP ===

1st line ¢ ¢ - ¢ Polarizer 2 RIP A
—o N T
HWPpolarizerHWwpP 11 m longransporting line BBO

e Laserwith verticalpolarization, ¢IasenNith horizontal polarization,HWP. half waveplate
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INTROCUTION of CURRENT LASER SYSTEM

DOE for Laser Spatial Distribution Reshaping

A DOE: Diffractive Optical Element for high quality e beam
A Principle: Diffraction optics by lens and micro-configuration
A Desired intensity distribution can be realized (phase coding)

AWorl doés first application of DOE in U

DOE Basics : principle

Example : Conversion Gaussian to Top-Hat profile

P/ /] /)T &
y /777774
V7 77778

Yy 7 /7 2

Diffracted Beam Far Field

1
i
i
!
Incident Laser Beam :
1
1
1
]

enization is obtain with the sum of the
ts contributions

d
]
N
=
L
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R. Zhang,

INTROCUTION of CURRENT LASER SYSTEM

DOE for Laser Spatial Distribution Reshaping

A Application DOE in 1st laser line from 2020c and in 2" laser line from 2021c

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

low emittance e- generation and avoiding RF gun discharge

" .. It laser before DOE ...." |

LCG Meeting, 2020.07
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INTROCUTION of CURRENT LASER SYSTEM

Laser Pointing Stability Fluctuation in A1 Laser Ground Laser Hut

A Daily temperature drift in A1 ground laser hut due to Klystron gallery and outside environment
A Long laser transporting line from ground to tunnel

A Laser pointing stability affects stability of electron beam from RF gun

B S5 Archive Viewer AIR — ] *
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0
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b
218 | 2224 3
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BR216  N22.2 4
Bl 3 22 3
Bo14 i, g v
g B B
212 g216 =
214 8\)
217 212 =
208 21
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206 206
22
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00:00:00 03:00:00 06:00:00 09:00:00  12:00:00  15:00:00  18:00:00  21:00:00
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INTROCUTION of CURRENT LASER SYSTEM

Beam Position Monitor and Feedback System

Al Ground Laser Hut

Green Lasers

st aser Line
o
aser Line

.....
\\\\\
ot
- .
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e
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i -
- ul .‘\\“‘ .....
= o TR el
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i -
ch .
Co 3 e
i

R. Zhang, Linac Technology Meeting, 2020.10.06 22-27



INTROCUTION of CURRENT LASER SYSTEM

Beam Position Monitor and Feedback System

Laser position feedback system

B8 GR_A1 Laser Position FB - b4
File(E)  Config(C)

1t Line Tunnel  2nd Line Tunnel

Horizontal  ertical
Target FID
Set Point Proportional gain
[ om0 | [ osmn ] set
Inteeral gain

‘ Error Value

00000 set

‘ Derivative gain

‘ Deadband Size

0.0500 RE: 0.0000 | | sat
Manitor Output
Py Py
[LILILSPOS_I1ST:X]| | set [LHIIGR_ATGNDF] | set
‘ Value ‘ ‘ Walue ‘
High limit Monitor P
[ soooo | | set [LHLIGR_ATGNDF] | set
Low limit Manitor Walue
High Timit
10.0000 et
Feedback Lawe limit
(A [ on | [ oFF 0.0000 set
Position Chart
Chart frea: Set Point = (05 |& Open
Pozition Data Count: LTI Clear Data

R. Zhang, Linac Technology Meeting, 2020.10.06

- O X
02
0.4
— 0.6
w
(=)
5 1
= s
-1
1.2 T T T .
075 -055 035 015 005 025
Horizontal
- O X
0.72
0.2
— -1.124
[0
(=]
£ [l
> 4321
-1524
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031 011 008 025 049 069
Horzontal

Laser pointing stability at virtual photocathode

y (um)

» (um)

100

50

30

20

10

-20

-30

Measured in 2019.06
without DOE & beam
position sensor

H20:48.04 0.51
V 20: 46.08 0.69

Measured in 2021.06
with DOE & beam
position sensor

H20:24.30 3.06
V 20:10.08 0.46
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INTROCUTION of CURRENT LASER SYSTEM

Photocathode for RF Gun

QE Measurement of Photochathode

0 300 600

Dia. 4 mm laser beam Dia. 2 mm laser beam
3319 | 2995

1107 ‘

1 600 pJ ‘
4203 3024
2090 1950

|
3189

883 ‘

3908
1960

2911

500 nJ

650 3

3847
1820

2618
569 \

RED
1710

2455

478 ‘

3013
1590

1864
295 \

1893
1010

3,400 2,900 2,400 1,900 1,400 900

KOBELCO Ir2Ce

400 pC
KEK Ir2Ce

4,400 3,900

m KEK Ir7Ce2 mKOBELCO Ir7Ce2

R. Zhang, Linac Technology Meeting, 2020.12.22

900 1,200 1,500 1,800 2,100 2,400 2,700 3,000 pC

Quantum Efficiency of Photocathode

A QE Ranking:
KEK Ir,Ce, >
KOBELCO Ir,Ce >
KOBELCO Ir,Ce, >
KEK Ir,Ce

A Discharge Probability

KEK Ir,Ce, <
KOBELCO Ir,Ce

A Adoption of KEK Ir,Ce, from 2021ab

A Achievable bigger size
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INTROCUTION of CURRENT LASER SYSTEM

Laser Status Monitoring Information Page

https://www-linac.kek.jp/ope/opelog2/opelog.html 25.27



