Laser Shaping

*Motivation
« Coherent & Optimal Control
* Minimizing Emittance
» Transverse shaping
 Refractive shaper
« Spatial Light Modulators & Deformable mirrors
 Truncated Gaussian
» Temporal Shaping
* Fourier Transform Shaping
« Acousto-Optic Programmable Dispersive Filter (AOPDF, ‘Dazzler’)
* Pulse stacking
« 3d pulse
* Femtosecond Pancake pulse
 Z-polarized pulse



Motivation

Shaping'’s original impetus came from Atomic, Molecular and Optical
(AMO) Physics, with applications in coherent and optimal control in mind.

« Manipulate quantum state interferences through coherent coupling and/or
precise timing of transitions
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Shaping at the attosecond level

Dissociation
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Figure 1: Simplified illustration of the CEP dependent photofragmentation
mechanism. (Left) For the CEP value of the driving pulse in the lower left, the
kinetic energy of the recolliding electron is high enough to promote the molecule
to a dissociative state, leading to photofragmentation. (Right) For this CEP value
of the driving pulse, the kinetic energy of the recolliding electron is lower and the
molecule is promoted to a bound state, from which photodissociation cannot take
place. Carin Cain

Manipulating photofragementation
yields through the carrier envelope
phase

Xie et al PRL 109, 243001 (2012), and associated Physics Viewpoint
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Minimizing emittance

« Space charge forces increase beam emittance
* non-uniform charges create nonlinear space charge forces
* linear forces can be compensated and the emittance minimized

r r
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@ ® 3.0 i ——— rms beam size (uniform beam) -
— - rms emittance (uniform beam)
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evolution of ‘beer-can’ e-bunch in ﬁﬁm@éjﬁmﬂm{‘
transverse phase space: O e i 150 200 20 a0 30 00
a) at cathode, b) after drift, before lens o o
c) immediately after lens d) after 2nd Multiparticle simulations (UCLA PARMELA)
drift, after lens Showing emittance oscillations and minimization

Carlsten, NIMA 285, 313 (1989) B Sheehy US Particle Accel School Jan 2013 J Rosenzweig JLAB 05 4



Extra Credit Project

Read the Carlsten NIMA 89 paper referenced on the previous slide and
present to the class the analysis behind the figure shown (Fig 3 in the

paper).

B Sheehy US Particle Accel School Jan 2013



Minimizing emittance

* Linear space charge forces can be compensated

 Uniform Ellipsoidal (UE) distribution has purely linear
SC forces
* ‘Beer can’ or Uniform Cylindrical (UC) a close
approximation
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Gaussian

Transverse space charge forces

Uniform Cylindrical

Uniform Ellipsoid
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Longitudinal space charge forces

Gaussian Uniform Cylindrical Uniform Ellipsoid
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Transverse Shaping

*Refractive shapers

-Addressable shapers:
spatial light modulators
edeformable mirrors

Truncated Gaussian

B Sheehy US Particle Accel School Jan 2013



Refractive transverse shaper

Newport design
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designs

Hoffnagle et al, Apll. Opt. 39 5488 2000).

Another 2-lens design
n,

Input

—

Lens1 Lens2

Liu and Zhang et al., Opt. Express 16,

B Sheehy US Particle Accel School Jan 2013

Qutput

6675 (2008).

Singlet design 1

OQutput

Aspheric Lens

Zhang et al., Opt Express 11, 1942 (2003).

Singlet design 2

Input

Lens

Zhang et al., J. Opt. A9, 945 (2007).

credit: Yuelin Li
10



Relative intensity

Refractive shapers

Newport design: intensity distributions as a function
of distance from output end.

(a) 25 mm
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Hoffnagle et al Apl Opt 39, 5488 (2000)

B Sheehy US Particle Accel School Jan 2013 11



Relative intensity

©
&

Refractive Shapers

Pros

* simplicity

- efficiency

» multiple designs

« commercially available (Newport, MolTech)
Cons

* sensitivity to input beam shape and alignment

* sensitivity to optics alignment

* depth of field (but can be imaged)
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Shealy & Hoffnagle SPIE proc. v 8490 (2012)
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Addressable transverse shaping

[ General setup of an adaptive optics system ]

Boston Micromachines Corp.

Incoming light

Aberrated

Deformable wavefront

mirror

Beamsplitter

Corrected
wavefront

Wavefront

sensor High-resolution

image
The wavefront sensor (here shown as a Shack-
Hartmann sensor) determines the phase errors in
the input wavefront. These errors are processed
and generate signals to drive a deformable mirror,
which corrects the wavefront and provides a higher-
resolution image on the detector.
|

C MacKay Optics & Photonics News Nov 2009

* Wide Range of
Applications

« Many different

commercially available
Implementations

10x10 arcsec

Craig Mackay and Nick Law, Caltech

Boston Micromachines Corp.

Mirror facesheet
Actuator electrode /

> "‘-_.‘J

Continuous mirror (smooth phase control)

Actuator array

A

Applying an array of electrical potentials to the electrodes causes the mirror to be

deformed. By reflecting the input wavefront with such a device, one can compensate

for the phase errors in the incoming wavefront. MEMS deformable mirrors are available 13
with more than 1,000 elements in total.



Spatial Light Modulators(SLM)

DLP* chip element

Mirror
/

NS, Nematic SLM / <>

S
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Systems Reflected Wavefront el
Mirror Support Post
Landing Tips
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Coverglass \
Electrode o

\\j Address
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Dielectric Mirror
A o A
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P
Higher orders SUPPOTt Post Support ot
Metal 3 Add

ress Pads

Landing
Sites

Bias/Reset -t | L ‘

Bus
: ; - . To SRAM
SLM with mirror Zero order SLM without mirror
; . o o i Texas Instruments
Measured zero-order diffraction efficiency Measured zero-order diffraction efficiency
~90% ~61%
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Polarization must be linear
and aligned vertically

Laser der

-

(optional) oftaxisangle, ¢

Helf
Wadeplate

%
%
%

Boulder Nonlinear
Systems

Polarization must be linear and

aligned at 45° relative to SLM edges

Beam Expander |
(optional)

Laser i

Focal Plane

dr

XY Nematic
Series SLM

—p

Half Waveplate

ds

Polanzing
Beaprisplitter

Camera

Image Plane

Nematic SLM used for Phase-only Modulation

Nematic SLM used for Amplitude Modulation

B Sheehy US Particle Accel School Jan 2013

15




Deformable mirror fabrication example:
deformable membrane mirror

| Start With Silicon Wafer Coated Both
Sides With Low-Stress Silicon Nitride

| Remove Silicon Nitride in Membrane Area
Using Photolithography & Plasma Etch

| Etch Away Bulk Silicon Wafer Material With KOH
To Expose Silicon Nitide Membrane

m Deposit Reflective Coating On Front of Membrane
& Conductive Coating On Back

=  Deposit Conductive Pad Array On Separate Silicon
Substrate & Bond to Back Side of Miror Substrate

i Using 50 um Glass Spacer Beads

Silicon [] Gold [ Solder

I Silicon Nitride [T Aluminum @& Glass Bead




Nanolaminate deformable mirrors

Nanolaminate

BMC Actuator Array Electrostatic MEMS Actuators

*up to 1 meter possible
*space telescope application

SPIE newsroom 2006
http://spie.org/x8795.xml

B Sheehy US Particle Accel School Jan 2013 17


http://spie.org/Images/Graphics/Newsroom/Imported/161/161_fig2.jpg
http://spie.org/x8795.xml

Transverse shaping with deformable
mirror at SPring8

Structure of DM-Actuator:
Voltage: 0 ~ 255 V

Actuator: 23142 24 G

22 100111 gﬂ\

f % G
|

/ DN
"

14' 29;
37 19 7 6 1%; 30,
.36 L,18 17' 16 31,s

NS

Initial State
(All: 0V)

All: 255V  Random Voltage
(Max. Voltage)

http://www.okotech.com/

H Tomizawa ICFA 09
B Sheehy US Particle Accel School Jan 2013 18



Transverse shaping with deformable
mirror at SPring8

Cylindrica‘

' Il: 59 o
II\3,I<Ierf2>or';ncaetion step: 250 =% Combination: 2505°~10 41!

Al-Algorism for spatial shaping is under development

DM

Double reflection

H Tomizawa ICFA 09

B Sheehy US Particle Accel School Jan 2013
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Transverse shaping with deformable
mirror at SPring8

Profile Data

PC PC for controlling deformable mirror
and evaluating resulting laser profile

CCDJSensor
(LBA-PC)

Condenser Lens

Control py

Fiber Bundle
(Rancem Mapping: 't m) Spatila profile:

UV-Laser (263nm)
3-D pulse shapmq I
Ellipsoid

/ '|||||,I|I|IIlII il

Temporal profle (FWHM: 16 ps) remr——
an = i - Before:

Deformable
Mirror

Streak image

H Tomizawa et al Quant Elec 37, 697 (2007)
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Transverse shaping: truncated
Gaussian

Gaussian to flat top clipping: PITZ and ATF/DESY

present <= 10..25m >
—_ >y

scheme >y ® >

transmission <20 %

I/ losses > 80 % |

. -'-='-"|" ''''''''''''''''''''''' | '
Gaussian
Photocathode laser beam overfilled beamline _tele_scope photo-
laser D=2mm beam-shaping or spatial filter cathode
aperture with pinhole
D=1.4mm

LASER

Ogrg
3

B |Imaging the overfilled iris on laser table ||
B Problem: larger pointing jitter than iris in front of vacuur %
B Jitter about 0.5 of diameter min/max

zsa E
‘.‘»‘"‘ v'\‘a'l-v"&:{‘.“ "fﬂ '.'-.‘IJ{J |
S0 J I.‘.r J*II | | f
NN 1
| ‘| -"-l"‘iw ‘ '
100 I | | |
ff 1 I [} 2 [ B 0
'§_| | ! ] I X (mm)
| [ \ . .
ob-| |, | \ \ Ingo Will, Max-Born Institute
\ | |
i ] b il | H
ol 'L\"-‘r" s Mt Y . LY N LY A PP YA Y | S. Schreiber, DEZY

PITZ mini pulse shaping workshop, 2007

VLEln L 20 LR B Sheehy US Particle Accel School Jan 2013
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Transverse shaping truncated Gaussian, slice & projected emlttances

500

LCLS results: simulations “e-0,=5mm
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500

-9 _0x=2mm

400

300

200

100

500

cx=5 mm ox=0.8 mm
400
300

z
200

100

0

600

—e-0 =0.5mm

X

X
0.50-e- 0.= =0.4mm

){

—0.3mm 0.35

0.4

0.3

400

300

200

100

400

200

slice emittance (um)
E L
.
Projected emittance (um)

o
w

02re:

0.1

0 1 1 0.25 L L
0 5 10 15 0 2 4 6

slice number . (mm)

Transverse space charge force
0.2F P

. ._ ox/r=0.5
f _ox/r=1.0

» truncate Gaussians of different rms widths o, with an
aperture of radius r=0.5 mm. o, /r varies from 0.5to 10
* o, = 5 ‘uniform’, ¢, = 0.8 ‘nearly uniform’, smaller c,
‘truncated’

* simulations use multiparticle tracking code IMPACTT
* transverse space charge forces more linear across
more of aperture and emittances better for truncated

beams Zhou et al. PRST AB 15,
B Sheehy US Particle Accel School Jan 2013 090701 (2012) 22
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Transverse shaping truncated

Gaussian, LCLS results: experiment

nearly uniform
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truncated

(AT
et e

proj. X-emittance

> proj. Y-emittance|

Ao
T L

=)

P
February 8, 5

2012

* switched operation (February 9)
from nearly uniform to truncated and
find on average a 25% reduction in
emittance

* increased optical transmission
through the aperture 2x.

Zhou et al. PRST AB 15, 23
090701 (2012)



Transverse shaping, earlier LCLS study

180 mesh
32 cycles per 1.2 mm
38 micron line spacing
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Figure 1: (color) The seven laser shapes used in the electron beam and FEL lasing studies. The edge diameter of all the

shapes is 1.2 mm.
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24



Fourier Transform Temporal Shaping

f f f f

& P
- 7

MODULATOR
LENS ARRAY LENS

GRATING GRATING

Basic setup for Fourier transform optical pulse shaping.

* Recall the grating stretcher
* here gratings are a distance f from the lenses — 0 length stretcher
* separating the frequencies in the focal plane without introducing any
path length difference
« grating 1 maps freg->angle, lens 1 maps angle->position; after modulation,
lens 2 and grating 2 invert the maps.
» Modulator array can alter both intensity and phase of addressable frequency
components

B Sheehy US Particle Accel School Jan 2013 AM Weiner Opt Comm 284, 3669 (2011)



Fourier Transform Temporal Shaping

Amplitude mask Phase mask
Transmission =¢(x) = ((4) Phase delay = ¢(x) = @ 4)

-@Em (#)

grating

Fourier Transform Plane

R. Trebino

[H(Z)=12) explip(2)]

» Modulator array can alter both intensity and phase of addressable
frequency components

*eg 2 SLMs & 2 polarizers
» multiply by transfer function and transform back to time domain to
obtain temDOI'aJ pU|$@h§mgeartic/e Accel School Jan 2013
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spectra of ideal square pulse
& ion-etched mask

10° -

-
<

INTENSITY
3

104

-
635

FT shaping examples

.

Pseudorandom bit
seguence using phase
modulation only

Wavelength / nm

fixed mask with central
frequency blocked

760
780
L # ’.‘. ,
800 —
B "* @
820 —
[ | | I | I

@  -500 0 500
measured DATA Time / fs -
| | | | | (a) f‘.\\_ > | .
[a)2 T ome ?psec) ! ? = ’ U
- ' 2 q A0
Q
£ £
(b)
¥ T Y T ! 1 ! -30
.2 A 0 1 2 -1000 -500 0 500 1000
®) TIME (psec) ~ - . . . (b) Time /fs
-5.0 -25 0 2.5 5.0
measured TIME (psec)
with softer
apod|za’F|on , . AM Weiner Rev. Sci. Instrum., Vol. 71, No. 5, May 2000
—800 -400 0 400 800

(c) Time (fsec)

B Sheehy US Particle Accel School Jan 2013
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Using an AOM as a modulator

Amplitude/frequency
modulated R.F. pulses (200
MHz carrier. SOMHz
bandwidth, 1W peak)

Acousto-optic
Modulator (TeOp, InP

W

=10 ps (4 cm 1 crystal jmmm

<100 fs
laser pulse in

\

Undiffracted

beam

Shaped
laser pulse out

R. Trebino

B Sheehy US Particle Accel School Jan 2013

* transmission is lower,
due to using diffracted
wave
« often doesn't
matter if pulse is
subsequently
amplified
« much higher frequency
resolution
* continuous modulation
(no hard pixel
boundaries)

28



Acousto-optic programmable

dispersive filter (AOPDF, Dazzler)

Undiffracted
output

-
o
T
-
o
T

o

@

T
o
)

4
o

1 €
IS

o

'S

T

Normalized temporal intensity
i=]
N

Normalized temporal intensity
o
(2]

o
[

input

0.0
4 6 5 4 3 2 4 0 1 2 3 4

o
=)

®
=

1.0

Pulses shaped directly in
the UV using stretcher +  |z.]
UV AOPDF at PSI. red
C. Vicario EPAC 04 measured, black theory fory

a Time (ps)

« wavelength-selectively scatter between e- and o-

wave using RF-generated acoustic wave TiSaLaser |[o(TH
. . . . 50fs Crose
« continuous modulation, no pixel boundaries 18 mJ @ 100 Hz car

* high bandwidth -> high wavelength resolution 5™ T

« can now work directly in UV (less resolution than :@ : Zﬁ> %
IR) “r Rl A
* low efficiency (~20%)

« damage threshold (10’s MW peak power) Tisorio et Appl Phys B 105, 255 (2011)

* length-limited; need pre-stretching for t > 4ps 29



Pulse Stacking

« Summing multiple pulse replicas
shifted in time, closely separated
enough that they merge into one
O=T continuous pulse

» Gaussians give flat top with little
ripple for 6 <t

B Sheehy US Particle Accel School Jan 2013 30




First ultrafast incarnation, ca 1998

TFP

Half-Wave
Flate

/

8

S8/39 BeamSplitter

* Dielectric beamsplitters, 15t 8 pulses

polarized orthogonal to last 8
 adjacent pulse interference

e can’t balance intensities
« alignment nightmare

Cross-Correlation (Arb. Units)

o =+ N W kO,

o

B Sheehy US Particle Accel Scho

5

o]
2]
o]
]

nnnnn

0.3
ol Jan 2N12

0.0

rrrrr

Siders et al Appl Opt 37, 5302 (1998)

Cross-Correlation



-.=:< ?
l Half-Wave
Flate
UL 3 N
-« |
V4 I

S8/59 BeamSplitter

B Sheehy US Particle Accel School Jan 2013

output directions at
each splitter and # of
pulses in each output
are marked in red

for equally spaced
pulses, arms 2,3,6 & 8
are 0.59, 9, 25, and 4o
longer than arms 1,4,5,
&7

32



Spring8 implementation

+45° (2.5ps) . Pulse Doubler Unit
A /2 wave pl;nlc_l} ums IN: 2.5 ps A2 Plate
w7 — N E;L
Ist. Stage S /I\ |
+4S° -4i° \ kT"’

A /2 wave plak ; A
s P S P
>
2nd. Stage S o~ —'—?

+45° -45° 45° +->
A /2 wave plate /\ /\ /\ <\A

2.5ps ZSps

SPSPSPSP =
[[[[[[[[‘ OUT : 20 ps

« start with 100 fsec pulse, chirp with Dazzler to 2.5 psec
* rotate polarization 45 degrees between each doubler unit
» stacked pulses alternate polarization
* chirp & polarization reduce interference
 can balance intensities with waveplates

H Tomizawa et al Quant Elec 37, 697 (2007)

B Sheehy US Particle Accel School Jan 2013 33



Birefringent pulse stacking

U

Polarizer @ 45°

Dromey et al Appl Opt 46, 5142 (2007)

Incident

a-BBO a-BBO a-BBO a-BBO
Fulse

O A

H Tomizawa

« group velocity different for o and e waves, s =
« # of pulses doubles in each crystal

» for equally spaced pulses, tailor crystal lengths to be L, L/2, L/4,...
* much more robust alignment

« adjusting 6 requires changing crystals

* pulse traverses a lot of material (optical homogeneity, dispersion)

» rotate fast and slow axes 45 degrees after eacr[ steP

2"(v. v

0 e

B Sheehy US Particle Accel School Jan 2013 34



Superstacker

128 pulse train
* 40 fsec Ti:Sapph Astra laser at
Rutherford Appleton
To compressor & 800 nm; Calcite crystals
cross-correlation e
* cross-correlate with initial pulse

S TR Y TR [ TN 1
* o)
S| R “l wlln.« i m), lila.mhl‘ul“u l’ '}.“ U .IL_,=
0 5 10 15 20 25 30
Time (10-'%s) Dromey et al Appl Opt 46, 5142 (2007)

B Sheehy US Particle Accel School Jan 2013 35



Homework

The group velocity mismatch between o and e waves in Calcite is 575 fsec/mm
at A=800 nm. Design a stacker to make a top-hat profile 13 psec FWHM from
Gaussian pulses that are 1.18 psec FWHM ( t=1 psec in exp(-2t? /7?) ). What
pulse pattern do you get from the remaining crystals if you remove each crystal
from the stack in turn? Qualitatively, what happens if you try to use the same
stacker with pulses of the same width at 532 nm?

Calcite example
Yuelin Li USPAS 08

< om

(red is ordinary)

as as o7 as a3 04 as 06 a7 08
i (umi Afum) 3 6




Cornell pulse stacking & e-beam measurements

Yb-doped fiber Yb-doped single mode
i illat Isolator| ¢ - A
‘ ring oscillator fiber pre-amplifier N\
A =1040 nm, 50 MHz A = 1040 nm, 50 MHz
15 mW, 300 pJ 70mW, 1.4 nJ
*up to 16-pulse stacker using
Yb-doped large mode - YVO4 CryStaIS 0=1.8,3.6,72&
area, double-clad solator
fiber amplifier 'H 144 pseC
A = 1040 nm, 50 MHz
5W, 100 nJ

Birefringent crystals

520 nm

>

Cross-correlator

= wirescanner

L

4

deflector

. gun cathode
1. laser window i

= - solenoid

Faraday cup

| viewscreen ..

viewscreen

Bazarov et al PRST AB 11, 040702 (2008)

37
FIG. 1. (Color) Beam line used for temporal profile measurements. Beam direction is to the left.



Cornell results cont.

> Laser o
2 ‘®?
Q c
E 2
£
=20 —1‘0 _ 0 ‘I‘O 20
| tlme‘(ps) | _20
. |e-beam
:‘%
5
E >
‘D
=
: : QQ
20 -10 0 10 20 T
time (ps) =
‘ ‘ ‘ -20 -10 0 10 20
_ Laser time (ps)
:‘§
)
£
| ‘ | effect of 4t crystal was below the resolution (1.5
-20 -10 0 10 20
time (ps) psec) of e-beam measurement system

intensity

-20 -10 0 10 20 ‘hy US Particle Accel School Jan 2013
time (ps)
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Spring8 results

» oL- BBO OUT 32 pS

2.5 ps

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

v Single shot | Sinvgleshot

20-shot integrated (- 20-shot integrated

Streak camera measurements
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Cornell stacked soliton pulses —V Poarization
"; 1.0 (a) —— H Polarization
3-d measurement 2 ot Interaly
€ 0.8-
« used Y. Li & J. Lewellen 15t order cross £ 06
correlation technique for 3-d > 0.4
measurements ‘é !
- 2-crystal stacker — 4 pulses g e
B 00- T T v T v T v T v
(a) Probe Beam 20  -10 0 10 20 30
Time ( ps)
}/ 7 Isosurface = 601
opiee feam SH=shutter (b)
BS=beam splitter
PBS=polarizing beam splitter
(b) 1-D ST | oncase HWP;haIf-wave plate
(delay Ine) 1:3TEL 'Bsggg'gtg:ock
B8}/ N I I AN
SH1 .~ Shaping Crystals Soliton
cco o 00O | e |
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X(mm)

B Sheehy US Particle Accel sciivur suni cuao H. Li et al PRSTAB 14, 112802 (2011)



Li and Lewellen 3-d measurement technique

I(r) =1,(r) + 1,(r) + 2cosiw[T + 6(r)]}
X fAm(r, r)Alt — 6(r) — 7, r]
X cos{,, (1) — ¢, [t — 6(r) — 7]}d1,
I(r) = 1,(@r) + 1,(r) + 2cosiw[T + 6(r)]}

X ALy, (7,1)3/1, (1)

FIG. 7. (Color) Schematic of the experiment. PP: pulse picker; D: DAZZLER; SF: achromatic spatial filter; ZSL: ZnSe lens; AL:
achromatic image relay lens; ODL: optical delay line; C: camera. I: iris.
iy et e et et s - 41
Li et al PRST AB 12, 020702 (2009)



Quasi-ellipsoid proof of principle

w0l  a=a12512 | [ a=2625¢° | [ a=0fs’ [ a=1875fs’ | [ a=-4875fs’
= af! A it JISE - 800 nm
P S | S | A | — | A— * phase modulation limited

by Dazzler length

’U’T o " 1 " [l -1 L
= | = =
c
: -
_d -
=
E’ -
— R\

- 0 1

time (ps)

FIG. 10. (Color) Measured (top row), simulated (middle row) spatiotemporal distributions with different linear chirp in the main beam,
and the intensity as a function of time at » = 0 (bottom row; measured: bold lines; simulated: thin lines). Striations in the experiment
data are due to the fluctuation of the laser pointing.

0fFpP=2mm  JFpP=3mm JFP=amm JFP=12mm
OF e | [ - b= o] - »
€ a0k 1L L JL
< H——t—+{H——t+—+—+H H—+—+—+— H—+—+—+
- or 1F 1r 1F ;
OF v | Lo lfe e W] -
-30 -I ] |-— -I 1 |- —-I 1 |; ._| ] |_-
0 o+ p—+— :Jﬂ_‘l Um '_‘1‘ —T ; - = ———
E !
t(p:) ’ 1 Li et al PRST AB 12, 020702 (2009)

FIG. I1. (Color) Measured (top row) and simulated (middle row) spatiotemporal intensity distribution with different iris radius P
using the experiment condition. The bottom row shows a comparison of the intensity at » = 0 extracted from the top and middle rows
(measured: bold lines; simulated: thin lines).

B Sheehy US Particle Accel School Jan 2013 42



Pancake pulse

B Self evolving beams (Pan cake scheme)
— Expansion driven by space charge force

10D &

Waterbag recipe:

- Start with a flat ellipsoid can be ‘cut out’ with 2
intersecting laser beams;

- pancake _ ‘half-sphere’ laser intensity profile;
- cigar _ parabolic laser intensity profile;
- automatic evolution into 3D, uniform ellipsoid.

Erice 2005
L. Serafini, AIP Conf. Proce. 413, 321 (1997)

O. J. Luiten et al., Phys. Rev. Lett. 93, 094802 (2004).
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Pancake demo with Pegasus gun

diagnostic screens

50/100 um movable slit

solenoid

gun

(-
|E” mirror box

-I'l.
| | |

||

Deflector off

Deflector on

-

1.3 mm

* Tripled Ti:Sapph laser, Mg Cathode

* Truncated Gaussian, iris radius r = 0.8a,
* ‘half-sphere’ shape not required
* but longer tails, r > 1.50, become
asymmetric

B Sheehy US Particle Accel School Jan 2013

Beam energy 375 MeV
Peak field at the cathode 80 MV/m
Injection phase 25°
Beam charge 15 pC
Laser spot size (rms) 400 pm
Laser pulse length (rms) 35 fs
Horizontally and vertically integrated profiles
i Measurements
14] 15 pC bunch

12-
1.0
T 08
= 06] -4
0.4

02,

00 T T T T T T T T T d
600 800 1000 1200 1400
time (fs)

o 200 400
e dist overlaid on ideal ellipse contours,
red curves are projections onto axes,

black curves are ideal ellipse projection

Musumeci et al PRL 100, 244801 (2008)
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Pancake demo with Pegasus gun cont.

measured

simulated _ . .
- » growing asymmetry with higher

charge

» emittance grows with asymmetry
* next step: investigate ability to
compensate emittance
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00 W @ 80 00 1R o 12 ' Musumeci et al PRL 100, 244801 (2008)
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Z-polarized laser on the cathode & field emission
with Schotkky effect (It’s not proved yet!)

At the focus point, laser electrical field is
reinforced in its propagating direction

Radial polarizer

With 1GV/m field,
Work function reduces ~2eV.
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Z-field on the cathode surface

reduces work function
Cathode Vacuum |-

Excitation by laser ||[Photo electron

_.- Reduction of work function
due to Schottky effect

—-— e T o e e e . - s o B S o e S B S B EEE BN EEE EEE B EEE ESm Em B

1 ‘ \ Z-Field=0
Work function V Potential bending
\ by Z-polarization
'\ N A A o

\/\/\/ _ field

Tunnel electron

Z-Field= max.
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Work function of various metal cathode

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

Drive Laser wave-
length can be IR.

\
’

Radial polarization =
e

T T =

T

< s =

5

®=2.27 X + 0.34[eV]

A
5.0F ¥
E 263 =
- (THe) &
B -
)
: -
4.0F "
C =
=
C 3
C g
B o
B =
u — 395 -
3.0 (SHG) <=
L N.a 2
C 3~12(1-VI11B
A 13 (IIIA
C - 14 (IVA)
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2.0 16 (VIA
¥ i kg g g g Foaga g g 4 F g 4 g g L.t
0.5 1.0 1.5 2.0 2.5 (Fundamental)

Electron negative affinity
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Electron beam
A2 waveplate Radial polarizer

Femtosecond Hollow mirror
laser source

Axicon lens Focusing hollow lens

RF gun cavity

Z-pol. : electron generation
E-gun: extract with external field Photocathode

Radial polarization
|

' Hollow laser beam

L

.
-
U
X
0

First tests with Copper cathode inconclusive
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