Esperimenti con SPARC:;
lasing e seeding

L. Giannessi
ENEA — C.R. Frascati
On behalf of the SPARC collaboration




Laboratory for
UV and X-ray
FEFL Particie Beam Physics Laboratory Upticay Research

CNR-INFM

L. Poletto, F. Frassetto, G. Tondello, CNR-INFM, Laboratorio LUXOR & Dip. di Ing. dell' Informazione, Padova, Italy
S. De Silvestri, M. Nisoli, G. Sansone, S. Stagira, Politecnico di Milano, Milano, Italy
M. Petrarca, M. Mattioli, INFN Sez. Roma |, Rome, Italy
G. Lambert, D. Garzella, M. Bougeard, H. Merdji, P. Salieres, B. Carré Service des Photons Atomes et Molecules, CEA Saclay,
DSM/DRECAM, France.
M. E. Couprie, SOLEIL, Sant-Aubin, Gif-sur-Yvette CEDEX, France
D. Alesini, M. Biagini, M. Boscolo, M. Castellano, E. Chiadroni, A. Clozza, A. Cianchi, G. Di Pirro, A. Drago, M. Ferrario, D.
Filippetto, V. Fusco, A. Gallo, A. Ghigo, A. Marinelli, M. Migliorati, E. Pace, L. Palumbo, B. Spataro, S. Tomassini, C.
Vaccarezza, C. Vicario, INFN-LNF, Frascati, Italy
L. Serafini, INFN, Milano, Italy
P. Musumeci, J. B. Rosenzweig, S. Reiche, UCLA Dep. of Physics and Astronomy, Los Angeles, USA
F. Ciocci, G. Dattoli, M. Del Franco, A. Doria, G. P. Gallerano, L. Giannessi, E. Giovenale, M. Labat , G. Orlandi, M.
Quattromini, A. Petralia, C. Ronsivalle, I. Spassovsky, V. Surrenti, ENEA C. R. Frascati, Rome, Italy
P.L. Ottaviani, S. Pagnutti ENEA C.R. Bologna, Italy
A. Dipace, E. Sabia, ENEA C. R. Portici, Napoli, Italy




QOutline

Why seeding an FEL amplifier

Seeding experiments
Seeding with high harmonics generated in gas
The harmonic cascade
The fresh bunch injection technique

Self seeding

Luca Giannessi LIFE meeting
Frascati, 19/2/2008




Longitudinal coherence

Slippage length ~

/_L\ independent
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The radiation “slips” over the electrons for a distance N2,

SPARC:
N ~ 500
Ay ~500 nm
NA, ~ 250 pm
Bunch length ~ 2.6 - 2.8 ps (rms) — 7- 8 independent regions

(the gain process increases this numberl)_uca Giannessi LIFE meeting

Frascati, 19/2/2008
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Seeded FEL -
Phase space @ exit of modulator

Luca Giannessi LIFE meeting

oherence length determined by the seed Frascati, 19/2/2008




A close look at the bunching process

(V)

Peak Powe




Cascaded FEL configuration

Fields & Particles
MODULATOR RADIATOR

I -
An

A

Dispersive section

Optical klystron operating on a higher order harmonic in the second section

|.Boscolo, V. Stagno, Il Nuovo Cimento 58, 271 (1980)
.. and several other authors




Seeded configurations

FEL Amplifier
Seed A
— - I D D D DN

FEL Harrmonic Generation
Seed Ay A= A,/n, n=2
— [T T | |_|
Modulator Radiator

FEL Harrnonic Ca
Seed Ay

—» [ T |
Modulator Radiator

Fresn BUnch Injectior] tgcrinicue

A=400nm A=200nm A=380-390nm A=200nm A=100nm
> | - | |

| | | |
—_—

Modulator Radiator Dispersion Modulator Radiator




Seeding with high order harmonics
generated In‘gas
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Temporal-speciral struciure of AUV 2mission  Courtesy of B. Carré

Multi-cycle laser pulse  mairesse et al. SCIENCE (2003)
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Seeding with HHG generated IN gas

i N O o -~

Simple model of an HHG pulse

Phase shift between different peaks

a(2) = [a(2)|explig(z))
#(z)= Zk: s, sin(kz)+c; cos(kz)




Harmonics Spectrum

SPR’&‘ (Www.sparc.it)
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Seeded configurations

FEL Amplifier
Seed A
— - I D D D DN

FEL Harrmonic Generation
Seed Ay A= A,/n, n=2
— [T T | |_|
Modulator Radiator

FEL Harrnonic Ca
Seed Ay

—» [ T |
Modulator Radiator

Fresn BUnch Injectior] tgcrinicue

A=400nm A=200nm A=380-390nm A=200nm A=100nm
> | - | |

| | | |
—_—

Modulator Radiator Dispersion Modulator Radiator




Harmonic Cascaded FEL

Resonant at . Resonant at
e - — Emitted wavelength;

Bunching at
n

1° Undulator 2° Undulator

»

1/, a) Anticipate SASE saturation

b) Increase efficiency
(eff. proportional to slippage)

Frequency

L.Giannessi, P. Musumeci, New Journal of Physics 8 (2006) 294




Example with Sparc undulator/beam parameters
1D Perseo simulation (http://www.perseo.enea.it)

3rd harmonic

n=4 m=3
Pulse length

1 UM @ 266 nm : % o

wavelength (nm)

A =66 nm

z (um)

5UM @ 200 nm

Main parameters Peak power

Undulator period 2.8 cm =130 MW

Undulator K (UM1/UM2) 1.95/1.53

Number of periods 771 T7%5

[ Pulse energy
4.5

Beam energy 200 MeV

Energy (microJ)

Res. wavelength (nm) 266 /200
E-beam current 110 Amp
Energy spread 104
Emittance 1 mm-mrad
Input Laser power 2 MW

Input pulse length (fwhm) 100 fs




n=6and m=5

nN==6

o

1 UM @ 266 nm

A=44 nm

5UM @ 222 nm

Main parameters

Undulator period
Undulator K (UM1/UM2)
Number of periods

Beam energy

Res. wavelength (nm)
E-beam current

Energy spread

Emittance

Input pulse length (fwhm)

2.8 cm
1.95/1.69
771 TT7%5
200 MeV
266 /222
110 Amp
104

1 mm-mrad

100 fs

Sth harmonic

Pulse length
55 fs (fwhm)

Energy (microl)

z (um)

z (m)

44.4 44.6

wavelength (nm)

Peak power
=12 MW

" Pulse energy




Seeding,Configurations

Seed

FEL Armnplifier

A

FEL FlErrnonie Ganeratiorn

A= Ay/m, n=2

Modulator

Ay

Radiator

EEL Hlarrnornic Cascacle

A,=nA,/m, es. m=4, n=3

Modulator

A=400nm
Seed

A=200nm

Radiator

Frasn Buricr injectiorderiic|ue

A=380-390nm

A—200nm A=100nm

—

Modulator Radiator

Dispersion Modulator Radiator




Double stage FEL cascade

Beam energy
Peak current
Input seed

Pulse length (rms)

Seed

—

175 MeV
100 A
20 kW
100 fs

Fresn Bunch Injection tecnnicue

A=400nm A=200nm A=380-390nm A=200nm A=100nm

B T N s )
Modulator Radiator Dispersion Modulator Radiator

Energy (mlJ)




Double stage cascade

|lE FIRST RADIATOR

Fresn Bunch Injection &
Seed A=400nm A=200nm A=380-390nm A=200nm A=100nm
ee
BN ] N e e

—

Modulator Radiator Dispersion Modulator Radiator

1st harmonic
I I I

-
o
8

Phase space of selected slices

1 1
—250 —150 —50 50 150
z (um)

_ il

100 150 200 190 195 200 205 210
Phase wavelength (nm)




Double stage cascade

A=400nm A=200nm

Modulator Radiator

Z (um)

— Current shape
Seed before Drift
Energy spread

Dispersion

A=100nm

Modulator Radiator




Double stage cascade

IE SECOND MODULATOR
A=400nm A=200nm A=380-390nm A=200nm A=100nm

BN ] D s, e
Modulator Radiator Dispersion Modulator Radiator

Phase space of selected slices

Seed

—_—

20 & T T T T T T

1° bunching coeff

°[" 2° bunching coeff "




Double stage cascade

Fresn Bunch Injection tecnnicue
A=400nm A=200nm A=200nm A=100nm

| | |
Modulator Radiator Dispersion Modulator Radiator,

Seed

—

Ist harmonic

Power Spectrum (a.u.)

L‘ 100 105

wavelength (nm)




Self seeding: Regenerative amplifier

electron bypass
yP demodulated electron beam

injected . / .

e-beam

’ ) FEL amplifier 1

monochromator

FEL amplifier | 1

Luca Giannessi LIFE meeting
Frascati, 19/2/2008




Same concept @ SPARC

Report: A. Bacci, L. G., M. Labat, B. Spataro SPARC-FEL-09/001

SPARC undulators

Small fraction of SASE re-injected as a seed

Beam energy [Me\]

Luca Giannessi LIFE meeting
Frasca.ti, 19/2/2008 -"“-3,.’-_I-1E D0G 3.06E-006 3.596E-008 & DOE-D06

t [sec]




Simulation parameters

Electron beam

Beam Energy 175 MeV
Beam Energy spread 4104
Beam Emittance 1.1
Peak current

Undulator
Period
Strength (K)
Periods/Module
Modules
Average Twiss B

Radiation
Central wavelength 312.7 nm
Injection coupling 1073

Filter width (relative) 104
Luca Gilannessi LiFE meeting

Frascati, 19/2/2008




Energy (mJ)

Power (a.u.)

Power Spectrum (a.u.)

Ist harmonic

wa velength (nm)

Giannessi LIFE meeting
Frascati, 19/2/2008

Energy (mlJ)

Power (a.u.)

Power Spectrum (a.u.)

Ist harmonic

T

1 1 1

~1.2x10°

— 529467 140.736 810.939

z (um)

1.48

1

1x10°

I
312.8

313 3132

wavelength (nm)
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Harmonics




Laboratory for
UV and X-ray
Optical Research

Entrance slit:
minimum aperture 20 mm,
maximum aperture 2 mm
Entrance/exit arms: ~1 m

Three gratings:
600 gr/mm, 150-550 nm
1200 gr/mm, 100-350 nm
2400 gr/mm, 50-150 nm

Acceptance
25 mrad x 25 mrad (1.4 deg x 1.4 deqQ)
CCD detector (Roper Scientific)
Thinned and back illuminated
Pixel size 20 mm
1340 x 1340 pixel
Resolving element
0.034 nm/pixel (600 gr/mm)
0.017 nm/pixel (1200 gr/mm)
0.0084 nm/pixel (2400 gr/imea)




5m McPherson HiRes
UV-VUV monochromator

Available for spectroscopy and photon diagnostics

from SRS-Daresbury, beamline 3.2

2 concave gratings, 300 - 2500 A, resolution < 0.05 A mg 5
ref. Holland, NIM B 44 (1989) 233-241 - '
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TG FROG Geometry Eﬂa%eml;m

Signal pulse from four-wave mixing
in nonlinear medium

i \ il
X \‘ |
Input pulse |
from transport / | =t
Beam expander \ ! \ /

Input mask Fresnel biprsm yonfinear
Cylindrical lens medium

QDL ek Spherical lens

Camera front

Frequency
2/18/09 Gabriel Marcus

Frascati, 19/2/2008




Collaborazioni

CEA/SOLEIL Seeding e generazione
armoniche in gas

Luxor Spettrometro VUV
UCLA Diagnostiche ottiche (FROG UV)

ST — short period undulators & Fresh
bunch technique experiment

Spettrometro 5m Daresbury ?

Luca Giannessi LIFE meeting
Frascati, 19/2/2008




Conclusions and perspectives

SPARC is an ideal test bench for single
pass FEL physics
Compatibility of Ti.Sa Harmonics generated in gas with
FEL gain filtering & cascades
Pulse evolution in a FEL amplifier

Fresh Bunch Injection Technique (full double stage
cascade)

Superradiance and superradiant cascade

Test of harmonic cascade concept

Demonstrate VUV wavelength generation with a “low energy”
electron beam

SPARC Is a great opportunity




