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Background: The next generation X-ray light sources (X-FEL,
ERL) require electron beams with very low emittance

(high brightness source). Laser pulse
in ]
oqy :3D-Laser PUIE =heP. J:. O
Key Tech” 20 ps Cathode

Photocathode: One of the most reliable candidates for this
high-brightness electron source is a photocathode gun.




Physical background of ideal laser profile

Space charge effect consists of:

1. Linear term in radial direction £
...... possible to compensate with Solenoid C0|Is

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
~ mm 3D-shape can be different!

20 ps . The aspect ratio of the Laser Profile is important!




However,... 3D-Laser Pulse Shaping iS not
very easy like carvjng or art clay work... -

- “eéspecially, kn__ife-edggpl shéping!; .

Our Linac’08 excursion on 1t October 9, Al
at Royal BC Museum (Victoria, British Columbia, Sanada)




Optimization of laser profiles and schemes

~ Qnatial X Tamnanaral ~
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History of Ideal Beam Shape Evolution

our contributions for following requirements

Spatial Shaping

“Beer can” Deformable Mirror (wave Front Control, also!)
Pulse (Temporal) Shaping
SLM (Spatial Light Modulator)
UV- Pulse Stacker (birefringence a-BBO)

3D-pulse shaping (uniformly filled ellipsoidal)

KV distributi Linear space charge fields in each direction (Lorenz invariant).
- GIstribulion - Fiber Bundle with backward illumination

10 @ °Startfrom femtosecond pulse

Luiten scheme (2004) Z-polarization with Schottky effect



History of SPring-8 Photocathode RF Gun

1996 Studv of nhnfnrafhndp RF guns started

- W w W v‘““ WA E W WE R

1999 First beam test with YLF Iaser system 7Y, ;
2001 New Ti:Sapphire laser system installed. T e
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 (transparent) development started.

2003 New gun & laser test room (fully environmental control) constructed
and an accelerating structure installed. =

Fiber Bundle shaping for cathode backward 4 N |
illumination was demonstrated. O |

2004 Maximum field of 190 MV/m at cathode
Laser was stabilized with 0.2%(rms @0.3TW
fundamental), 1.4%(rms @THG; 263 nm), for
1.5 Month. -

2005 3D-laser shaping system was completed (10 month contlnuously operated).

2006 Emittance 1.4 trmm mrad @0.4 nC (pulse width: 10 ps) with “Beer can”
laser pulse (Flattop SP (DM); Square TP (PS)) @0

2007 Hollow beam incidence system with 3D-laser shaping was
developed. Z-pol. gun was proposed (in 2006). | | @ &P o




Spring-8 Photocathode Laser System
Configuration

In 2005, | stabilized total laser system yearlong! 790 nm

20 mJ
790 nm 40 fs
30 mJ
300 ps
790 nm 263 nm
790 nm 2mJd 2.5mJ
4 nd 790 nm 80 fs

20 fs 300 ps

Mode-locked Regeneratio Multipass

932 nm 40mJ| 532nm 140 mJ
5W(CW ) Temporal profile shaper:
Q-Switched
Diode-pumped Frequency-doubled UV-Pulse Stacker or SLM
Frequency-doubled Nd:YAG Laser . : _
Nd:YVO4 Laser Spatial profile shaper: 20
Deformable Mirror (DM) 9-20 ps

(4-32 ps)



Laser & RF Synchronization

TN e |

YAG Laser
10Hz -
5 o
T
PLL feedback g
c
89.25 MHz pulse 3
pulse signal 89.25MHz @
clock -
RF generation Reclocking
circuit
2856 MHz ‘ ‘
Bandpass Filter =
2856 MHz RF signal T
High Power RF system 10Hz pulse
= synchronized
Gun . Phase with Power
Cavity ATEIED Modulation | shifter [—| RF AMP line (60 Hz)
10 Hz pulse
Modulator

A




Comparison of synchronization
techniques

Laser generation
with master RF

RF generation
from Laser pulse

Synchronization is
limited by the motion

speed of piezo device.

RF stability depends
on master RF source

Synchronization is not
limited by the motion
speed of piezo device.

RF stability depends
on Laser oscillator




“ Beer can” UV-laser pulse shaplng system

UV- Laser source (yearlong stability!)
Laser Pulse Energy : 1.4% @THG

Timing Jitter < 0.3 ps

A/2 Plate Pulse Doubler Unit Spatial Profile:
IN: 25 ps \ 1 Distribution: Flattop
- [ < _ Deformable Mirror
i < Temporal Profile:
3 Units Y — B ; .
Pulse duration: 4 ~ 32 ps [ ) Gaussian
,-II - A, | P ; > 0 S
ottt < UV- Pulse Stacker TSV
Pulse duration: 2.5 ps
Do Pulse duration: 32 ps

Diameter:1 mm‘L

0 G
N

Deformable
Mirror

- -

Pulse Stacking- rods
4 birefringent crystals




Present 3D-laser pulse shaping
“Beer can”

DAZZLER:
micro pulse shaping

\ 4

THG

v

UV-Pulse Stacker:

macro nulse ehanmn

b

v

Deformable mirror:
transverse shaping

DAZZLER AQ-Modulator (micro pulse shaper)

v

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




Spatial shaping with Deformable Mirror

Mi Il: 59
D:)?;)or%caetion step: 250 =» Combination: 250%° ~10 1411

Al-Algorism for spatial shaping is under development

DM

Double reflection



Structure of DM-Actuator:

Actuator:

255

Initial State All: 125V
(All: OV)

All: 255V Random Voltage
(Max. Voltage)

http://www.okotech.com/



Basic Concept of genetic algorisms

Cyiindrica‘

Genetic Algorithm

<Basic Process>

1) Coding : Digitize control parameters
gene 10| 1/1/1/0]0]0

2) Initialization : prepare a sets of gene

3) Basic Process

[nitilal gene—»{ Selection— Crossover = Mutation

1 !

Change gene sets = Evaluation




Closed Control System for experiment

To the Main laser beam to

CCD Laser Beam profiler
photocathode A\ jjyminate cathode Video sianal with
(RF electron gun)s (LBA-PC CCD sensor) icea signal wi

. beam parameter
/ g PC (LBA) | PCI—ISA
. Manitor laser beam 111
Beam splitter for feedback
orfeedbac Power Control
Supply ] Box
Laser Beam (263nm)
PC for controlling DM and
h 105mm evaluating resulting laser profile
- FAW I
| Il \_
concave concave convex
DM Control Signal f=-300mm f=-100mm f=51.5mm

Deformable mirror (DM)

e}

--l-Il----l-l(-ll--l-l--l--llnnul

IS

-~

= Video signal with beam parameter Closed L{)Op Line

~
= Laser beam —
= DM Control Signal

_ J From pulse stacker




Weight of each term of fitting function for Flattop
weight (a, b, c, d, e, f, g, h, i) CESIEIEECRLORI ORI ORLO

+1® +g@ +h® +i®

Term Meaning Absolute System
convergence value | Weight
with 500step

1 Top Hat Factor | Maximize the Top Hat Factor (0 - 1) 0.5 120
(Flattop: THF =1.0)
2 Effective Minimize the difference from the 25 24
Diameter diameter of set circle
3 Flatness Minimize the standard deviation 0.2 300
(SD/mean) divided by the average in a flattop area
4 Aperture Maximize the integrated energy within | 0.8 75
Fraction the set circle area
5 Peak-to-peak | Minimize the difference between the 60 1
max. and min in a flattop area (norm)
6 Hot Spot Minimize the max. in a flattop area (60) same as Peak- | 1
(max.) to-peak
7 Dark Spot Maximize the min. in a flattop area (60) same as Peak- | 1
(min.) to-peak
8 Beam Center | Minimize the difference from the initial | 5 12

center position (x, y)

9 Beam Minimize the difference from the set 25 2.4
Diameter diameter




Results of spatial shaping with DM

e Computer-aided DM for UV (THG)

—p Flattop shaping OKI!

T

4&\ i

Auto-Shaping (2500 steps)




Pulse Stacking System in 2007
OUT ; 32 ps
WM J‘IOUT 20ps

i
x
i Laser pue

=1 [/
TR e =

A/2 Plat ~32 s Cathode
S e (3.0 ps; 2.5 ps) P
Pulse Doubler Unit A4 Plate

o QU T L (ol |

a-BBO  a-BBO  a-BBO  a-BBO | §: parallel to slow-axis of crystal
delay: 2 ps delay: 4 ps delay: 8 ps delay: 16 ps

F: parallel to fast-axis of crystal



UV- chirped pulse stacking birefringent crystal rods
g OL- -BBO OUT: 32 ps

16 ps 8 ps 4 ps 2 ps

L
<

2.5
P It is optimized with DAZZLER. Note that, this pulse duration is defined
at the cathode as a stretched pulse due to the dispersion through the
transparent optics in laser transport (GDD of BBO @ 263nm ).




OUT 32 ps
2.5 ps 16 ps 8 ps

Results of Mathematica:
dt1=16ps, dt2=8ps, dt3=4ps, dt4=2ps

Intensity [a.u.]

4ps

Input Pulse duration: 2.5 ps

: . . — time [p=]
10 20 30 40

Intensity [a.u.]

Input Pulse duration: 2.0 ps

time [ps]
10 20 30 40



o-BBO OUT: 32 ps

<

2.5 ps

32-ps Square Pulse: 16 pulse stacking 16-ps Square Pulse: 8 pulse stacking

- Single shot

20-shot integrated 8 20-shot mtegrated




How can we optimize macro & micro pulse
with pulse stacking?
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calculation
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In pulse stacking rods
interval of micro pulses i
are equivalently fixed.

With DAZZLER (AO-modulator) , ] \T )
Pulse duration &shape(chirp) oyt i \/ \ bending-magnet

solenoid coils slits
current monitor

are optimized.



Results: Chirped Pulse Stacker+DAZZLER

Direct i Introducing 2nd. dispersion ‘\ i

Diffracted

Acousto Optic in Time Domain

2nd. Dispersion: 23566 fs2 (1.63 ps)

o _ﬁ—u—'—aﬂi_;_j::}-;ﬂ-_-_ pap

Stacked Pulse Duration: 20 ps
( Input pulse width @ cathode: 3.0 ps )




Our future plan for UV-stacked pulse measurement:

Feedback to DAZZLER in Regenerative Amp.

Spectral Interferometry with UV-DAZZLER

[l ™. Dazzler
IR KDP

800
L1
3 _‘ XPW crystal -2 P1 uv
_____I_ — D I \ Spectro-
4+ ODL meter
. | DCP1 HW -
[l
I

S1: beamsplitter plate
L1, L2 : lens to focus into XPW crystal

XPW crystal : LiF

P1, P2 : polarizers

DCP1: dispersion compensation plate
HW: halfwave plate

ODL: Optical delay Line

180

Courtesy of FASTLITE

Dimensions in mm



Oscillator : 24 hours, 10 months, non-stop
TW- Amp. : 24 hours, 5 months, non-stop
THG: 1.4% rms stability

B. Automatically shaping Spatial Profile with DM + GA was
successful! (Gaussian or Flattop) .

~ However, Laser profiler is damaging for yearlong
continuous operation. (Uranium Glass + Camera)

C. Square pulse generation with UV-pulse stacker (rods)
was successful at THG (263 nm) !

1) Square Pulse: 5, 10, 20 ps

2) Square Pulse: 4, 8, 16, 32 ps

o= BBO OUT: 32 pS

ps

2.5ps 16 ps 8




Emittance measurements

low emittance electron beam generation

~ we are testing with different 3D-parameter ~

Result of X-emittance measurement: 2.0t mm mrad @1.0 nC
Pulse duration : 20 ps

1.8t mm mrad @ 0.5 nC; 15 ps

1.4t mm mrad @ 0.4 nC; 10 ps

Y-emittance is always 1.5 times larger!

Q-scan fitting

Normal incident mirror ?

20065117 xemittance- 10, 38A-214; L3R nC 011716 xemittance-13, 30.5A4-20.54; 0.52 nC
L1e-07 - , : 1. Se-07
emiftance ={1.44 20/132 nm#n mrad . enfittande = 1181 #0814 zmm mead
1e-07 ;  — |6e-07 [
ge-05 | A bt e 1§ 4 4 "
- Tt mmrad &y B timmmmrad
Bo-( bt - ek 1. 2e-07
- N | i k%
V| e Te-08 [ o le-07 c
= . | L,

6c-08 %oy eyt Re-08 Y- =
S0 b A 008 %, £
418 \.‘\\ K{f 118 \“{: ’f

i LSRR f 2Ll e o

g i = L
3008 i | Hl‘l‘:_:?"‘ _ i Te R . S DS
o (1% I i i 0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 o 015 02 025 03 035 04 04% 0.5 055 06
() magnet current (A} [ magnet curment (A)
10 ps, 0.38 nC 15 ps, 0.52 nC




Simulation results of emittance growth under influence of
normal incidence mirror installed in horizontal (x-axis)

(Behavior near by mirror in vacuum)

A
o

= 1.6 ' ' ' ! ! ' Beam Conditions

= 14 F T ' _ bunch charge = 0.83 nC

g i - bunch length = 4.5(15)ps(£30)
=[N Y S WS S D —. i SO g _

N2 : A e / beam size = 3.5(1c)ps(%30)
8 1 F . — ""“'*;\U : o beam energy = 3.6 MeV

= i initial emittance = 0 m-rad
E 0.8 B ; ‘__g'.'"'."" ' 1

P
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— #

= 02t/ €, 10mm apart

£ / €y 10mm apart

o 0 Y I L 1 L

Z

0 50 100 150 200 250 I
Time (ps THER
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Position of normal incidence mirror

e Simulation results reproduce that Y- emittace growth is larger than X-.

= Normal incidence mirror is the cause of emittance asymmetry.

 When the mirror installs 10mm apart from beam axis,
emittance symmetry is improved enough.



Laser Incidence methods:
- Oblique incidence

- Normal incidence

- Backward incidence

- Hollow beam incidence




3D-Laser pulse shaping:

~ some nroblems a
rl - N I

Il AW

followings~

- getting more complicated
- Interference due to shaping
- Coherency of laser (kill or use)

Transparent Cathode for
backward illumination with FB shaping

~ Influence of normal incidence mirror~

Asymmetry of

transverse emittance:
~ Mirror in Vacuum is problem~

- How to minimize wake-field
, A S -How to avoid from charging-
Electron Beam S | up on mirror
- " e | - Backward illumination
| .' ~ vanishing mirror ~
- Hollow beam incidence
~ keep mirror away ~

Top view * | Laser light




Experimental efforts for improvement
of emittance symmetry I: Hollow mirror incidence

Put the mirror away form beam axis (> 10mm). — Hollow mirror with 20-mm hole

3e-07 1 | | | |
X emittance =3.16 10.0646 tnim mrad
Y emittance =6.89 +0.119 tmm mrad .
2607 b= b S /. _ Conventional
g T T B A normal incidence
ol 0
N mirror
0

04 05 06 07 08 09 1
Q magnet strength (1/m)

3e-07
X emit{ance =!3.93 I-|_-Ol34]» Tmm }nrad Metal hollow
Y emittance =3.73 +0.201 mmm mrad . .
el : '- | : o mirror with
» Suppress wake-field effect “g . glass substrate
= Mirror hole for passage of o .07 (Al-coating
electron bunch: ¢20mm I @ {0
5 mirror surface)

04 05 06 07 08 09 1
Q magnet strength (1/m)

* Keeping symmetry for electron bunch
= Hollow mirror O Symmetry between X &Y got better!
X however, curve fitting is not good.



Fluctuation of beam positions during emittance measurements

2008/07/18 :: 40A-20A :: 0.38 nC
with circular ring metal evaporated miror

2iae07 P x-emittance = 3.93¢0.134 wmgn mrad
& <xx’>="7.72e-08
2e-07 % y-emittance = 3.73:0.201 Zmm mragl
,\\ 2yy’> = 5.60-08 ,:
S 1.5¢-07 % o
=
“o le-07 | /; -
Jc"i‘ &
5e-08 - e e .
:r:/
0 | | | |
0.15 0.2 0.25 0.3 0.35 04
Q magnet current (A)
For X emittance For Y emittance
= 900 T =T T T T = 1000 T T T |
E I ) | g N -
3 LB 1 2 800pX < L = ' ]
£ 600 HY s | 1 & 600 H et N 1
2 500 b L 1l & —
g 400 F | | 7 400 F T
o e,
2 300 r U5 . & 200 F : .
: R ~ 1§ b —
m 0 ] ] . | | | 23 _200 | | | 1 |
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (s) Time (s)

The cause of fluctuation:
Charge-up on the glass substrate surface due to dark current



“Full-Metal-Jacket” glass substrate
with silver metal clay to avoid form charge-up

The wall of glass substrate hole
was not covered with metal.

= The cause of charge-up

4

Whole metal cover of
glass substrate with
silver metal clay

O The fluctuation of beam position
got better and reliable

X The vacuum got worse.
= whole metal mirror substrate

Beam position at the entrance of the accelerator tube
0.4 T T T T T T

0.3
0.2
0.1 F

0

Beam Position (mm)

-0.1

-0.2

'O '3 | 1 1 1 1 1

NAT T T

Beam Position (mm)

Time (min.)



Experimental efforts for improvement
of emittance symmetry Il:

New Oblique Incidence:

4 degrees (3.65 degrees) incidence
- a little larger incident angle than
normal incidence (1.4 degrees)

Final transport mirror to the cathode
installs out of Vacuum
- Laser illuminating spot is

monitored with a reflection from
the cathode

Sl lw wulieslilw wiws

545(545.0)

313 160 ) 60(60.5) 70(69.8)
62.7 (62.7) 250.3(250.5)

12,7 501
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The other possible causes of X- and Y- emittance
asymmetry:
- Residual solenoid field at the cathode together

with asymmetrical focusing between X and Y
(at the coupler of acc. tube or optics):

- Asymmetry field at the coupler of accelerator tube :

45 |

£
Lg 4 —©— Hy(z=35mm) AHy/ Ay=1.5% / mm
|>|< —*— Hy(z=50mm) 1.2% / mm
® I —— Hy(z=65mm) 0.8% / mm
>, 35
I
Output port

(TMO1)

25 L
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Simulation results
by HFSS code

A little coupling of emittance
exists, however it should be
negligible.
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Laser’s coherency?
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. 1.1 Kill coherency with fiber bundle to shape
3D-ellipsoidal for backward illumination

-+ 1.2 Utilize coherency with Z-polarization with
' hollow beam incidence
(Schottky effect on the metal cathode)




Coherency of Laser Is good or bad!?

It IS not necessary
‘< for photoelectron effect!
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In laser shaping
or cathode lllumination?

Lamp Is even better!?



Coherency of Laser is good or bad!?
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Coherency of Laser is good or bad!?
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Kill) Fiber bundle laser profile homogenizer
with backward illumination (transparent cathode)

kol i N i ~ Transparent Cathode with Fiber Bundie ~
o T PR Pulse Stacking with 2,000 different Optical




Profile Data

U

PC PC for controlling deformable mirror
and evaluating resulting laser profile

ccDh Sen_sor
| (LBA-PC)

Condenser Lens

BT
1023
b

Fiber Bundle
(Random Mapping; 1 m) Spatila profile:

63nm) ||l,,.uu'""'"“""""m/t""""""""lu.,uuu
f ]ll

3-D pulse shaping
Ellipsoid

2

UV-Laser (

Al
III|||
]

Deformable —
Temporal profile: (FWHM: 16 ps)

Before:

Mirror

To cut tailing, with
UV- Pockes cell
(Series: 1150 BBO,

FastPulse Tec. Inc.) Stfeak image—

 fF & B OB g




Short Summary of Laser shaping

e Shaping with computer-aided could
generate Flattop. It is very flexible to optimize the
spatial profile with genetic algorithm. Combining with

, 3D- laser pulse shaper was completed.

 Fiber Bundle is ideal as a 3D-shaper (patent)
— It is very simple to shape : You have to optimize the length of
the Bundle for aimed pulse duration: 15 ps ~ 1-m long
— 3D-laser profile: It can generate ellipsoidal from any profile.
— Short working distance: It needs to develop back illumination.
— Laser fluence limit: Laser fluence @ 100 fs <1.5 mJ/cm2
It is possible to use as 3D-shaper down to 60 nJ/pulse.

 Transparent cathode for shaping complex system with
fixed fiber bundle & adjustable deformable mirror
might have a lot of possibilities with fine tuning.
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Radial Polarization beam

Cross section of laser beam

Linear polarized beam Radial polarized beam

The radial polarized beam is superposition of /2 phase-
shifted TEM,,and TEM, jmode in the case of polarization
direction vertical each other.




Radial Polarization laser beam
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Demonstration of Radial polarization
with rotation of polarizer




Simplest radial polarizer: divided waveplate

h
N

Q_Aivid
O=UiIviUu

\
!

{
(a) 8-divided waveplate \




Z-polarization field on the cathode:

Nividad nmitmlharl(9.29)\
IVIUCU T1TUITIVCI\& J4&)

©) (f)

Using divided waveplate, the distribution of strength of Z-
polarization field |E|?: (a)2-divied, (b)4-divided, (c)8-divided, (d)16
-divided, (e)32-divided, (f) perfect radial polarization (n: infinity)



Z-polarization ratio with divided waveplate

More than n=8, ideal radial polarization

oy '
[ab.U] & 0095 |

ks

é 09T —+— Z-polarization field ratio

-_‘é’ 3 0.85 T (Simulation)

Sl oost .

QL — —=—2n sm(n/n) / 2n

3 0.75 (Radial polarization ratio)

8 0.7

© —— cos(n/n)/cos(0)

g 0.65 B Minimitm radial fiald ratin \

m \lviliuiiyliil 1auial 1ivivu 1auav /

0.6 : ' ' ' !
4 8 16 32 65536

Numerical Aperture: NA Divided Number: n

- The strength of Z-polarization field ec1/(Wavelnrgth:1.)2
- The strength of Z-polarization field oc(NA) 2
oc1/(Focus length) 2




Water bag: Luiten scheme (Evolution of ellipsoid ? )

If it works, we can generate ultra-low emittance.

Idea: Use “pancake” laser pulse, allow beam to self-evolve to ideal ellipse
Proposed by Serafiniin 1997; again by Luitenin 2004.

We can start from femtosecond pulse at the cathode.

™

Luiten, “How to realize uniform 3-dimensional
Photocathode ellipsoidal electron bunches”, Phys. Rev. Letters
93, 094802 (2004)

Laser: 100 fs with parabolic transverse distribution with 1 mm radius
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Cornell DC gun with 500 kV, peak 5MV/m
Bazarov, PRST-AB 8, 034202(2005)

Luiten scheme, 80 pC, 5 M\im
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Z-polarization RF gun with laser-induced
field aatlna lnlanp field pmlttpr\
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Generatlon of hollow laser beam
- _ B
' Hollow Laser beam (¢=20~40 mm)




Work function of various metal cathode
field,

With 1~2GV/m
Work function
reduces ~2eV.

Drive Laser wave-
length can be IR.

Radial polarization
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Cathode candidates for UV Z-polarization

Cathode: Au, Ag, Cu, Pt, Rh, Al, Ni
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Reflection ratio of robust cathode candidates

Ti:5a laser wavelength
THG Fundamenta | Cathode: Au, Ag, Cu, Pt, Rh, Al, Ni
10 (263 nm) (/790 nm)
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Is the response of metal cathode femtosecond ?

Metal

Vacuum

Excitation by laser

_— O . - . . . ..

Work function

|

AVAVAVAY;

Photo electron
_- Reduction of work function

-

.-~ due to Schottky effect

- s ol o o . . S S S S S S DS S S B e e

V Potential bending by
Z-polarization field

Tunnel electron

Z-Fleld= max.




Incident angle dependence of reflectivity (Cu)

Why oblique incidence
higher QE than normal ?

Reflectivity of Copper @ 263nm
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Feasibility test for Z-polarization effect
(Comparison between radial & azimuth polarization)
Radial Polarizer

laser Radial polarization
Z-polarization: Max.
Vertical XA
linear polarization - -
/\_#)A
= Azimuth polarization
laser Z-polarization: Zero._k
Horizontal f/ \l
linear polarization \\‘_’ /

(1) We can switch radial to azimuth with rotating half waveplate!
(2) Comparison between radial and azimuth polarization can tell
Z-polarization effect on the cathode (spot size & photon density).




Experiment setup for different cathode test

Cathode: Au, Aqg, Cu, Pt, Rh, Al, Ni
Cartridge type cathode
holder accommodates up
to 12 cartridges

| cathode plug\

-
»
.
o
:

2" RF gun}a\;if; 3 1




Metal cathode candidates in cartridge tubes

Phosphor Cathode
to check laser spot

-~

The question is how
fast electron move
coherently with laser
wake Z-field.

Uncertainty Principle:

R eflectivity [%]

h2z ~ [fs] [eV]

J | (Dirac’s constant)

][ Skindepth
ﬂn,;_r 04 0.6 0.8 1 3 5 Metal ~ \/20

Wavelength [um]

-=-— Ni







Hollow lens

RF-Gun ,Cavity

Adjustability: =10 mm
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2 type of focusing lens:




Type1: Convex focusing lens:

for very low bunch charge generation

Type2: Axicon focusing lens:

for higher bunch charge generation

~<10~100pm spot size /—
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~<mm spot size
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Hollow Lens

= Charge-up issue is also
considered in this metal cover
for the wall of glass lens hole.

Metal MeV-electron stopper for
Lens protection

5

2 type of focusing lens:
Axicon lens & convex lens
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Type1: Convex focusing lens: [ ~< 10~100um spot size —
[ B3mm for very low bunch charge generation

CCD Camera

L1 (from Principal Point toe CCD)

30mm

1.0

-+

17.526mm

L1=L0+17.526mm- (8.5mm+0.3num)+3.31mm

8.5mm

8.1lmm

T.3mm

L1=73.0mm L1=87.0mm LI=102.0mm LI=107.0mm

b
"

»rf"-\

"‘1—.,

Tagmg

L1=112.0mm L1I=1220mm LI1=132.0mm




Type2: Axicon focusing lens: | ~< mm spot size

for higher bunch charge generation

6.5mm

L1

LO

5 Lo~ 157degree
1.5mm I . o, 2T

CCD Camera

6.5mm

L Lo |

30mm

17.526mm

T.I3mm

L1=69.5mm L1=80.5mm

L1=102.5mm L1=105.5mm

L1=955mm L1=99 5mm

L1=115.5mm L1=125.5mm




Variation of Z-polarization RF gun with laser
nduced field gating (plane field emitter)

(@)

—indu

Radial polarizer

Axicon lens pair

Electron
beam

(a)

A

Transparent Cathode

A/2 waveplate|

Femtosecond
laser source

(a) Diamond transparent (b)
cathode Polarization control |
(b) Polarized electron (ex. /4 waveplate)

source with GaAs !? _
Question is how fast response | Reflective Cathode -
of photo cathode!




arization Gun System at SPring-8
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Summary of laser manipulation
in 3D-shape & polarization
e Shaping with computer-aided could
generate Flattop. It is very flexible to optimize the

spatial profile with genetic algorithm. Combining with
, 3D- laser pulse shaper was completed.

 The generated Z-polarization can exceed an electrical
field of 1 GV/m easily with fundamental wavelength
from femtosecond laser oscillator (with long cavity).
In the case of NA=0.15, the Z-field of 1GV/m needs
1.2 MW at peak power for fundamental (790 nm) and
0.31 MW for SHG. In the field of 1~2GV/m, the work
function of Cu cathode reduces ~2 eV.

e This concept of laser-induced Schottky
emission can be applied for photo-
cathode DC gun (even for polarized
electron source!?).




History & future plan of Z-polarization gun

2006 1. Z-polarization gun & Hollow beam
incidence method were proposed.

2007 |2 . Radial Polarizer, Axicon lens pair & their
~20081 Optical coatings were developed & tested.

Feasibility test of Hollow incidence
Preparing Optics

Feasibility study
2009 |3. Electron emission with Z-polarization.
& selection of ideal cathode material.

2010 "4 . Feasibility test of Polarized e-beam
~2011 generation; Cathode study with T. Nishitani




A. Next shaping optics?
A1. Holographic optics can 3D-shape in UV 1?

DOE & HOE can be a goal of Laser shaping.
However, we have to fix the structure of optics
through studying optimal pulse shape with
adaptive optics!!

(a) conventional lens (b) kinoform

Chromatic




A2. 4-arm Pulse Stacker for quasi-ellipsoidal shaping?
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A3. Hollow incidence with a hollow fiber bundle

Fiber bundle beam shaper for reflective
photocathode @ -~ ———— —

Electron beam

Laser |
\\ I
Axicon lens pair I P |
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