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“Advanced laser technology and innovative ultra-high-brightness gun with
laser-induced Z-field emission”
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SP8 RF Gun Sys.
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1996 Study of photocathode RF guns started.
1999 First beam test with YLF laser system

2001 New Ti:Sapphire laser system installed. All concepts of 3D-
Laser shaping technologies were proposed.

2002 Emittance 2.3 tmm mrad @0.1 nC (pulse width: 5 ps) with
homogenizing in Spatial profile (using Microlens array)

Cartridge type cathode development started.
2003 New gun & laser test room constructed and
an accelerating structure installed.
2004 Maximum field of 190 MV/m at cathode

Laser was stabilized with 0.2%(rms @0.3TW fundamental) for
1.5 Month (Laser Oscillator itself: 0.3% p-p for 4.5 months)

2005 3D-laser shaping system was completed (10 months continuous).

2006 Emittance 1.4 tmm mrad @0.4 nC (pulse width: 10 ps) with
3D-Cillindlical laser pulse (Flattop SP (DM); Square TP (PS))

2007 Axicon lens pair-hollow beam incidence system with 3D-
laser shaping was developed. Z-pol. gun was proposed.
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4nd 790 nm 60 fs

20,fs 300 ps
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Stretcher amplifier > amplifier

Mode-locked
Ti:Sapphire

532 nm 40 mJ
5W(CW )

THG
Compressor v
~Stretcher

140 mJ

oscillator
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2.
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Microlens array or DM
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Space charge effect consists of:

1. Linear term in radial direction
...... possible to compensate with Solenoid Coils

2. Non-linear term in radial direction
...... possible to suppress non-linear effects
with optimization of ideal Laser Profile

Note that, in real case ideal
3D-shape can be different!
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DAZZLER:
micro pulse shaping

l

THG

UV-Pulse Stacker:
macro pulse shaping

Deformable mirror:
transverse shaping

DAZZLER AQ-Modulator (micro pulse shaper)

Normal incidence + Fundamental => THG (micro) pulse
to the cathode

AEEL—F /UL RBER S X T L

UV- Laser source (total stability!)

Laser Pulse Energy : 1.4% @THG Spatial Profile:
Pointing Stability & Reproducible Distribution: Flattop

Timing Jitter <1 ps ) Deformable Mirror
Temporal Profile:

Pulse duration: 2.5 ~ 20 ps C Gaussian

UV- Pulse Stacker
Pulse duration: 2.5 ps

Pulse duration: 10 ps

S~ |

HF

< > : Diameter: 1 mmi
{ UG (A
e AN ’
-' Tomee i |

Mirror
(\((‘. i O 5 T s IR

Streak Image of
stacked pulses

Pulse Stacker (3 stages)
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Deformable Mirror ActuatorD#&E Voltage: 0 ~ 255 V

Actuator:

Initial State All: 125V
(All: OV)

All: 255V Random Voltage
(Max. Voltage)
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|Flattop : 0.8 mm | Square pulse : 10~20ps

Pulse Stacker : 3 stages for 20 ps
2 stages for 10 ps

Deformable Mirror
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Hollow Laser beam (¢ 20~40 mm)

ERMETODZRILEREDPRLFKEFERE
(A9 FTUE—LAS)

\ = (Ganussian beam incidence
(without Axicon lens pair)

=== (Gaussian beam incidence
through Axicon lens pair

1.0

it the focus point
{ Arbitr 1]
=) =) =
= 1 & 2]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
//IV
1
1
1
1
1
-y 1
. !
@ |

ary uni

i

Z-polarization fiel

0 20 40 60 80 100
Ratio( % ) = R1I/R0; loss at the hollow morror

Comparison Z-polarization field dependency of R1/R0 ratio between
Axicon lens pair (hollow beam generator) & simply masking central
region(R1): The former is much efficient to convert to hollow beam.




& ,&E%UJ‘TO)’ & BUKF

1GV/m BN ESH
RERTELS,

DEIREREAVTL—TZEALEGED., EREFEDEHEE
[EPD 5%, (a)2 735, (b)4 531, (0)8 £, (d)16 5. (€)32 #3I.
OEEGEICTIVRAEDIGE

ERERAV—FOLEEEBHOEREEERFME

1GVIm O EBIZHERT ®= 2.27x + 0.34[eV]
HLBHE HEEH-2eV A
BEZTIFAHIEMTTRE,
5.0F ¢
C 263 ¥
e 3
STT VIR N
a
“4
Y
T
— 395 .
sHe)
Z g -
y
vZ
T R T N I TN TR TR TR NN TR T SN S NN TR TN M N - i /]
0.5 1.0 1.5 2.0 2.9 (Fundamental)

BEEEE « (F—1 )




SSTILBELVTSIRIFERD L
L—HENZREEZ—TFIZL. ZRBESEBET
ETILSHBIET, SHTFRIGBIEER T,
Z-pol&F

laser
B R 1w SSTILRE (Z BK)
Z-pol&R-F

B #R Rt ‘ B \
TORARI;(Z: £0O)

EEDEEE ) 0 D @D

JAMAY—FREIZBVWTCRAICEELEEGZRESE
HEIZKY, EMHLTHESERETITF. /EKKLYEBRVE
ROL—YTERBHY—FERZATTES, HIZIX. A
Y—RIZBULTIEHEE. 288nm LYLELVEED LRI
BTHO=I . COBFHTIXEE (395nm) ZFLRIZHAL
BIENTES, T FAT7EVR(NEA) Z#EHZALV
TAbHY—FRIZEWTIEFEF226nm KYEELVERD IR
NILETH-T=HY, 315 (263nm) THJEE,

ERICIEIGV/Im UENBE, ST EBERMNOAIRSOTIL
mIL—4 (NA=0.15 60-% hollow ratio, inside-out
Gaussian beam) &9 HimE . EARIKTL.3 MW, {FiK
T0.32 MWDE—VEE T, 1GV/Im D EIEMNERTHEL.
EGHEERH-2eVIEEZ TITHIENTES,




4

PEL—ERBH BT

ST AREET

THRasbsX 7

ZiBRHY—FX

L — PR

REEHY—FR

ZIRAEEREILER A Q2F (TR EF T PT
ZIRABEIFIL D XDNAD FIF4FE(IZLEHI

Spring-8 RF&EF i fith 5% D 51 F 5T1E

RFEFHE —LDEEIIEIZFAD AST

(BEERFE) IO NST LMY NV FE — LB EIEHEH)

RFEFHEBERE mﬁg
BFE—L %
RFEF#H  ZW% . "
e Wt ' T "“'"‘“‘“0 7] [2
s L1BT

ER ] i




SRFTMIL—H /I ULRER L RT L
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transverse shaping

DAZZLER AQ-Modulator (micro pulse shaper)

Normal incidence + Fundamental => THG (micro) pulse
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