Development of automatically optimizing system

of both spatial and temporal beam shaping
for UV-laser pulse

—
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1. - Prese)nt status of UV-light source ~

2. beam quality control
3. Optimization system of spatial profile
~ Automation with DM + GA ~

4. Optimization system of temporal profile
~ Automation with SiIO2-SLM + SA ~




1 - 1 . Highly qualified Laser light source

*
1. For generation of the lower emittance beam

= Optimization of laser profiles (Spatial & Temporal)

(2. For alower jitter system

= Stabilization of laser oscillator (seeding)
< through environmental control

3. For along-term stabilization of Laser Output

L = Stabilization of total laser system
through environmental control

In principle,

Environmental control!

Note that, passive stabilization is the most important
for beam quality control !




Laser System Configuration
~ Femto second TW- Ti:Sa Laser System ~

263 nm

790 nm 790 nm 20 mJ
4nd 790 nm 2 mJ 60 fs -22 ps
20 fs 300 ps 300 ps

ﬂ _ W .

%?gaeﬁlﬁﬁilﬁgd S h Regeneratio Multipass THG
oscillator tretcher amplifier amplifier Compressor .

532 nm 40mJ| 532nm {140 mJ

5W(CW )
Q-Switched

Diode-pumped Frequency-doubled

Frequency-doubled Nd:YAG Laser
Nd:YVO4 Laser




THG Pulse Silica-rod Stretcher

~ utilizing the dispersion in Silica ~

»* ' //Tﬂﬂiéﬂrﬂcher
Pogsible: Pulse Duration LT A

Impossible: ideal Pulse shape| — ~——f—fu D

~ 90 % pulse energy loss at most ~




Pulse stretching effect in Silica rods

In Spectrum
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Pulse stretching effect in Silica rods

in Pulse Duration
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1 - 3 . Present status of Laser System
In humidity-controlled clean room

Laser System after passive
stabilization




Humidification for avoiding charge-up

¥
Envwonmental test clean room Charge-up

A

Humidifier
(pure water)

>

25 % RH

I

Optimum Humidity

i
N i .
o 0

éonstant Temperat'ure & Humidity

( Under Construction and Laser Replacement: 2002 ~2004 )



The present status of stability of UV-Laser

Present UV-laser
stability: =

Long Term:
2 — 3 Weeks
continuously

With new Oscillator,
it will be 2 months. s o

After Passive control



Laser & RF Synchronization

Laser Oscillator I l l I I I l > .
89.25 MHz To Laser Amplifier

Laser Pulses
J

Slow(~8Hz) fast
Feedback photo-diode YAGLASER

Piezo Driver i 10 Hz

: 89.25 MHz pulse
TGPIB Pulse Train :
| Pulse signal 89.25MHz | 1/8:925M

Eq_ Frequency Counter |- * Frequency

GPIB x32 demultiplier

2856 MHz
Bandpass Filter

RF
Klystron Modulation{

’ AI\;P

Modualtor

10 Hz pulse




Short Time Jitter Measurement

re Clock Change Detected: Pel

Time delay between RF signal & Laser pulse measured
with Tektronix TDS8200 Sampling Oscilloscope



1 -5 . Automatic Laser Beam Quality control syste

¢ Computer-aided SLM (Spatial Light Modulator)

> Rectangular Pulse shaping (adjustable)
¢ Computer-aided DM (Deformable mirror)

> Flattop spatial profile (adjustable)

Automatic Control Optics
« Spatial shaping (DM)

* Pulse shaping (SLM)
 Wave front Control (DM)

D — —

2 ~20ps Fundamental
2~20ps THG (263 nm)




beam quality control
2/ - 1 . Necessity of improvement of laser profiles

L 4
Spatial and Temporal Profiles =) shaping Methods

deal rofile Real Profile ex. :
i
m f'rllt JT‘“?'\'}KH
A Al *.;‘ h
J s ;fﬂ\ff\ \e
At e

Pulse width :
~ 20 ps

Temporal Profile
Spatial Profile
Wave Front




beam quality control
2/ - 2 . Physical background of ideal laser profile

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!




beam quality control
2| - 3 . Influence of laser pulse shape and

*
* Square Pulse with the optimal width ~ 20 ps
N of laser pulse should reach at the
same time to the cathode surface!
Normal or S 30
=  Backward ; .
Incidence! E
. ] 5 15
——0® 1 ..
20 PS ey, =
S : = = = : ;
- Q 0 0.2 0.4 0.6 0.8 i | | Iy 1.4
4 Charge [nC/bunch]




2 - 4 . Influence of spatial profile &

¢ 0.1-mm misalignment makes twice emittance growth
In the case of the obligue incidence

© Our emittace improvement
(The space charge effect is not dominant.)

¢ Nomal incidence makes more tolerant for misalignment.

= Optimum profile for space charge dominant region.
(Automatically Optimizing with Adaptive Optics.)

Oblique laser incidence Vertical isali gnment Nomal laser incidence
T I I 20

| A
X Emuttance ® : i A X Emuittance °

Y Emittance _ yd Y Emittance
: : : 16 :

Emittance (mmm-mrad)
Emittance (tmm-mrad)

| i | | |
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8

Displacement of Laser spot from the Cathode center (mm) Displacement of Laser spot from the Cathode center (mum)




3. Optimization system of spatial profile

~ Microlens array (MLA) and Deformable Mirror (DM) ~

*
3| - 1 Spatlal profile shaping with Microlens Array

Double (pitch:500um)
. Intensity L@E[o;giw <5%
- B Ry sk =

3 - 2

Genetic
Algorithms




3 - 1. Spatial profile shaping with MLA
3-1-1. Microlens Array : effective & adjusta
combination with combination with Len

Merit:
* relatively easy to adj
e avallable in UV

e possible to homogen
asymmetrical beam

Demerit:
* Impossible to get rou
Image ~ hexagonal at &
e long working distange
to get higher adjustability

pitch:500um)
. Intensity Ungfar.'mig’ <5 9ﬁ
- _ - -~ Lo -

Note that: pitch >20 um, pulse width >500 fs




3 - 1. Spatial profile shaping with MLA

3|- 1 -2 . Results of laser profiles with shaping
+ UV-Laser Profile Homogenized
. ] Laser energy: 20u7 UV-Laser Profile
S D a.t I a.I . - Charge of Laser energy: 20uf
- Diameter of FElectron Beam: 0.2nC
Laser Spor: 1.2mme Diameter of

Emittance: 3.37x tmm mrad Lanes at: i s '

Homogenizing ~ .

Charge of

ﬁ et oeem: 0.20C

Emittance: 2.3 mm mrad

Temporal.

Spot size: 2.0 mm

Pulse width: 5 ps
(45-cm Fused Silica x2)




3 - 1. Spatial profile shaping with MLA
3 -1 -3 . Results of emittance measurement
( 3.1-MeV E-Beam; direct after Gun;

30
2002/4/29 data ( X -emittance )
Zl[liﬂl 4 29: data { ‘i enutt*ume }
3 2002/5) 07 dat ( L Iitt 1
60 T mm mrad | E( ata —en 'uv:e -
May 2001 2o N _________________________ ﬁ _____ % _____________________________________________ ' ______ —

Homogenizing
10

- R W - S & “ ........... I — LPT— —
E ety T 1'ih-t‘:nuh”'uu:-ﬂ- {Smlulm]ﬁn]

2.0t mm mrad
After Dec. 2001

. — ,‘i enuthnce {_Snnu]’ttlon)

0 0.2 0.4 0.6 0.8 1 | 1.2 1.4

X- and Y- Emittance [Tmm mrad]|

Net Charge [nC/bunch]
H. Tomizawa et al. EPAC’02, 1819, Paris, June 2002.



_
3 - 2. Spatial profile shaping with DM
3 -2 -1 . Deformable Mirror
~ Deformation Steps: 256 (0 ~255V ) ~
Merit: adjustable and actively controllable!!

Demerit: too many Possibility: 2567

=> Necessity of special algorithm to optimize

Genetic + Neuron model Algorithm

e Al-coated SIN-Membrane
(R>70% in UV after 1 week)

* Hexagonal elements
(59 channels)

Note that: Membrane is very delicate!!
We build N2-Housing for DM.




3 - 2. Spatial profile shaping with DM
3 - 2 - 2 . Deformable Mirror Actuator (ex. 37ch)

Voltage: 0 ~ 255 V

Actuator:

23 42 25 26

22 10 11 12 27
21 9 3 4 13 28
208 2 1 5 14 29

19 7 6 15 30

36 18 17 16 31
35 34 33 32

Initial State All: 125V
(All: OV)

All: 255V  Random Voltage
(Max. Voltage)



3 - 2. Spatial profile shaping with DM
3 - 2 - 3 . Automation of optimization
Genetic Algorithm (GA) ~ Idea of Evolution ~

Genetic Algorithm

<Basic Process>
1) Coding : Digitize control parameters

gene 110/ 111/ 1/0l0l0

2) Initialization : prepare a sets of gene

3) Basic Process

Initilal gencgm Selectiommd Crossovems Mutation

Change gene sethmms




3 - 2. Spatial profile shaping with DM
3 - 2 - 4 . Example of Automation of optimization
(Searching maximum point) ~ Fitting Function ~

Example : | Searching points near by max.
Search the Maximum Value!! | | syrvive.

o/ |
W/ wgirations %
Searching point f

N
corresponds o 8 &
to individual life. _J e \

-

The survivors make new generation (Searching point).




About Children (generation)

How to create children?

N

1) 1 point Cross

Random length
Father |  Child 1

Mother; | ‘ >< ‘ | | , Child 2

(2) 2 point Cross

Random length
Father |  Child 1

Mother, | ‘ >é< ‘ , Child 2

/(3) Random Cross Random Selection for 59 \
elements of parents
Fatherl ] '. I Chlld 1
MOtherl ] [T rrrrirri Chlld 2

Create random vaIue(O 1),

\_ Over 0.5? Or Under 0.5? (Child 2= Childl) /

Why? Most simple method for programming




Procedure (1 step)

(1) Random select Parents and generate Children (Family)
Parents ( Selected randomly from G ) Create 2 Children from the Parents

G(1) G(2 Father | | mooooooon. ehild 1
] ]
@herI | ‘ [ ChiIdZ/
: Y
G0 Family

G() (2) Drive Deformable mirror by Family and get results
— \ from Laser Profiler

/ —

— [ (o l e |

result

Resulted new order of priority

N: default Child2 > Father |> Mother > Child1

Selected!

(4) The best two Chromosomes (Next Parents (1),(j) )



C] b Profile Data

Closed Control System for experiment

PC for control Deformable mirror

and Evaluate resultlng Laser Profile

. . / Lens (f=9omm) CCD sensor
Steering mirror : i

ND filter

Deformable mirror

(LBA-PC)

.

I Steering mirror

ND filter Make Distortion !




Experiment Setup

— Sensor

Deformable Mirror




3

3| -

G

2 . Spatial profile shaping with DM
2 - 5 . Results of the combination DM+

® First test for computer-aided DM was done with He-Ne

> Flattop shaping OK!

¢ Computer-aided DM for UV (THG)
> No problem (It is installing at THG soon.)

l.' |\‘

'*| |l'

’I* ["u

8.05%e+00
7.967e+00

7.076e+00
6.571e+00
6.065%e+00
5.560e+00
5.054e+00
4.549e+00
4.044e+00
3.538e+00
3.033e+00
2.527e+00

'#'l{l

Auto-Shaping (1000 steps)

Wllhe H
Il rQLhE ( '..
M “i \:\ 1

8.055e+00
7.967e+00

7.076e+00
6.571e+00
6.065e+00
5.560e+00
5.054e+00
4.549e+00
4.044e+00
3.538e+00
3.033e+00
2.527e+00



3 - 2. Spatial profile shaping with DM

3 -2 -5 . Results of the combination

Convergence Status

e E—

—— TopHatFactoro000

1000 2000 3000 4000 5000




3 - 3. Spatial profile shaping with AL

Aspheric Lens: not adjustable (M? ~ 1.0)
~ If laser spatial profile is ~

Merit:
* perfect Flattop

Just behind a After 100mm propagation
. Beam homogenizer from a beam homogenizer
Demerit: SRS LT R

. e 1.0

* need perfect Gaussian -~ o8

* need exact 1/e2 diameter z 06

] . ] 3 0.4,

e Impossible optical . - .
polishing — s

10000 -5000 0 5000 10000
(xm)

Fig.12 Calculated intensity of the beam homogenized

) | ess C h @) | ce Of m ater | al by the designed aspheric homogenizer

T. Hirail et al. SPIE, Conf. 4443,
29 July to August 2001.



4 . Optimization system of temporal profile
41- 1 . Spatial Light Modulator (SLM; liquid cryst:

~ Computer-controllable optical Phase or Amplitude masks ~

Merit:
e any-pulse shape
Including square pulse
e possible to control
with rapid update
(<0.3ms)

Transmission of SLM-128 phase/amplitude modulator
(including losses from input and output polarizers)

. Y ofs oja \ \: 1:1
D e m e r I t . Wavelength {microns}

° g el d iStO I’ti on Of p u IS €- Figure 2. Polarizer ransmittance over SLM optics range.
shape at Amplifier

e not available in UV

Note that:




4
4

Optimization system of temporal profile
- 2 . Other kinds of SLM

-2 -1. DAZZLER (Acousto-opticd)s ==5|

simultaneously and independently performing both S[.‘.tl“
phase & amplitude of ultrafast laser pulses. (FASTLITE) i ‘6

=

4-2-2 . Fused-silicabased Sai="

B_imorph
Utilizing silica plates riezo aetuztor §
Silica plate
* Directly shaping for UV-Laser o

*a Tay * - - e d

Higher

~ Computer-controllable silica plates complex ~

Simulated Annealing Algorisms (SA)

Silica plate



Pulse shape control with SiOz-SLM

1 Short laser pulse

Grating breaks a light pulse into a spectrum
; (Transform time distribution to spatial distribution)

SLM modulates phase distribution in spectrum

¥
Grating transforms the spectrum into a light pulse
1 Shaped laser pulse

Focal length of Concave mirror

. S~ - Utilizing silica plate
modulator

"'|

* Directly shaping for Laser

* Higher Laser power threshold
< 100 mJ/cm2

Concave mirror Reflector




4 . Optimization system of temporal profile
4/ - 3 . Results of Pulse Shaping with SLM

® First test for computer-aided SLM was done in IR
> Rectangular Pulse (width range: 2-12 ps)
(rising-time: 800fs)

¢ Computer-aided SLM in UV

> Size will be bigger (-5 times)
Incident Pulse: Fourrier Transform ,Limit_ .
Calculate Phase Spectral :

width: 2 ps

‘,‘w*' ”|‘ “I o Wil rising-time: 800 fs

|



4 . Optimization system of temporal profile
4 - 4 .  Micromirror Array (MMA)

~ Computer-controllable, Possible in UV ~

Input Pulse
Output Pulse

Grating

Micromirror Array

==l

Spatially Dispersed Spectrum

Courtesy of A.E. Vlieks, SLAC

Tilt and vertical displacement enable piecewise linear spatial phase modulation
while retaining capability to produce discontinuities for pulse shaping applications.
Like a spatial light modulator based pulse shaper, there is no net spatial beam steering.



| ~ Spatial Shaping ~
A. Characterics of Methods of shaping Spatial profile
Limit of Wave Length : MLA -~ DM
perfect Ideal Profile : DM ~ MLA
Pointing Adjustability: DM ~ MLA
Cost ($103 < $10°) : MLA < DM

B. When Spatial Profile was improved, Emittance was
reduced down to 2.0 T mm mrad. (Microlens Array)

~ Before installation of Homogenizer, 6.0 &t mm mrad. ~

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

~ However, it takes 1 hour to optimize. + DB Is necessary. ~

D. In our future plan, compensating inhomogeneous
QE-distribution with DM (Spatial) & e-profile monitor



| ~ Temporal Pulse Shaping ~
- E. Characterics of Methods of shaping Temporal profile

Limit of Wave Length : DAZZLER - SILACA  MMA
perfect Rectenglar Pulse : DAZZLER  SILICA

Size (10cm — 2~-5m): DAZZLER SILACA MMA
Cost ($10°™ - $10*°) : SILACA DAZZLER - MMA

F. Automatically shaping Temporal Profile with fused-
silica based SLM was successful after MP-Amp!

Rectanqular Pulse: 2-12 ps: Rising-time: 800 fs

~ It is possible to shape UV-pulse, however size is larger. ~

~ If the crystal material available in UV region, DAZZLER is
the most reliable. ~

G. In our future plan, compensating any kind of
distortion with SLM (Temporal) & e-bunch monitor



Both profiles shaping with Fiber Bundle

~ FB can 3D-shape the UV-pulse & make easy to transport ~

Microlens Array Silica Fiber Bundle




Both profiles shaping with Fiber Bandle

~ Transparent Cathode with Fiber Bundle ~

iiil'i'lll"""""""Tv ....................
" f/fﬁ‘!ffl)!flﬂ!{f{{mﬂ_
f‘!‘ ‘ J110d < : - % 22222

M e -

Fiber Bundle:

Length: 2.0 m
Bundle size : 12 mm
No. of Fibers : 1967




Both profiles shaping with Fiber Bandle

1 . Results of spatial profiles with shaping

-
¢ Spatially homogenizing is very strong with FB
> Any kind of bad profile can be corrected!

o Pulse shaping & stretching with FB is pulse-stacking
> Depend on the length and mapping of FB

1023
1008

896
832
768
704
640
576
512
448
384

896
832
768
704
640
576
512
448

| iber-Shaping (1m long)
N




Both profiles shaping with Fiber Bandle

2

Results of temporal profiles with shaping

~ Pulse shaping result due to mainly Pulse Staking effect ~

S ES

Width (FWHM): 16 ps

Fiber Bindle Length: 1 m

Mapping: Random

Input UV-pulse energy:
down to 60 nJ

M i J H r“ﬂ) l“m\t J”lp J I h 'uM'\f'.l"uliliwlﬁul



Tracking Code

Purpose for developing the 3D code

L 4 : .
To Investigate:

o asymmetrical effects, such as the spatial and temporal
asymmetrical beam shapes

e oblique incidence of a laser

o asymmetrical RF fields

Characteristic of the code
e Fully 3D, including:
- space charge effect
- image charge effect of the cathode
A charged particle is treated as a macro particle, which is a

cluster of electrons
 Electromagnetic fields are calculated by the code MAFIA

Difficulty of the code
Many particles for precise calculation
much elapsed time



Scheme of the code

B) Definition of RF phase

E.... =E,.cos(at—g¢)

cavity

Runge-Kutta method

C) Definition of emittance

g, = yBN< X ><X? > —<x-X'>°
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