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OUTLINE

“Start to end” SIMULATION from the FIELDS point of view

Harmonic generation : e
Matching to the FEL FEL Amplification

Optically (GENESIS 1.3)
*Numerically

Picture taken at CEA during
preliminary tests of the SPARC
HHG chamber,



Mairesse et al. SCIENCE (2003)

Train of
XUV "atto" pulses

~200as — > «—

Discrete
odd harmonics

Plateau

Waterwindow [4.4 - 2.7nm]
He, order ~300

Cutoff

Chang et al. PRL (1997)
Spielmann et al. Science (1997)

Courtesy of Bertrand Carre



SPARC EEL seeded @114nm

|deal Field: superposition of Gaussian distributions shifted in z by half of
the T1:Sa wavelength

1D simulation (Perseo)
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3-D Numerical propagation code

Single atom response

= Lewenstein model generalized to non adiabatic effects
(M. Lewenstein et al., Phys. Rev. A 49, 2117 (1994))
= Non-linear dipole moment Xy, (r,z,t)

lonization effects and ground state depletion
= ADK model: free electron density ng(r,z,t)

Propagation of the fundamental field E;

Harmonic field E,

2 F%Ep(r,z v %P (r. 7't
A Ep(r,z ’t)_?%:ﬂo %

Power spectrum of harmonic field E, INCIERI Eh(r,zout,a))|2 2rdr
0

E. Priori et al., Phys. Rev. A 61, 63801 (2000)



Harmonics spectrum on axis

T
Pulse duration 30 fs = =
Peak intensity 1014 W/cm? WoT

Waist W, = 50um

Geometry 3mm before Ne gas jet, thickness T =1 mm

800 nm FEL central wavelength A,~29.7 nm

Output data obtained without the Slowly Varying Envelope Approximation (SVEA).
In order to load in GENESIS:

Eilter in bandwidth areund %,
Multiply by a phase factor exp(-127z/A,)



Effect of frequency filtering

Spectrum (a.u.)
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SAVA =VA

Phase vs. longitudinal coordinate along the e-bunch

Field data

“Slow” field
component

a(z) = Et(z)exp(-ik,z)

Harmonic
pulse
position



Transverse matching

“average” field and phase at the waist

“average” field and phase
at the undulator entrance

2m
0.267 m l

f=0.25m Waist: 4m




The FEL amplifier

I A 1A 1A A 1A 1A 1A
L IV L IV IV IV L IV IV IV
FODO Lattice .21m
FEL parameters
Beam Energy (GeV) 1 =
b
Peak current (A) 1000
o
Energy Spread (%) 0.06 |
Emittance (mm-mrad) 1 %.)
Average 1 (m) 6 2>
e
Undulator period (cm) 4.2 be
K (peak) 2.97
Periods per section 58 )
—— Xaxis
Sections 7

boundaries




Aluminium 0.6 um, broadband (45 nm)

Pulse energy
50 nJ

Energy in 2p: 0.8 nJ





Results at
different filter 2513, ~0.5nJin 2p
bandwidth

1nd,~0.5ndin2p




Threshold for overcoming shot NoISe”™ PRyt L

*L. Giannessi in Proceedings FEL 2004, Trieste

*Derived in “ideal’” conditions
*Checked with 1D simulations in Perseo



* KrF Hanover 14mJ 500fs

Energy / pulse
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Harmonic order

. Harmonic energy yield per shot for a 10-cm medium with 1.8-torr Ar

IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 10, NO. 6, NOVEMBER/DECEMBER 2004

Generation of Strong Optical Field in Soft X-Ray
Region by Using High-Order Harmonics

Eiji J. Takahashi, Yasuo Nabek: Hiroki Mas Hirokazu Hasegawa, Akira Suda, Member, IEEE, and
atsumi Mid s

'
=
[
u
=
o
=
-

Hasminase ander [da i

250 nd @ 27° harmonic — 29.7 nm

25 nd @ 65° harmonic : 12.3 nm



Energy 100 nJ
BW 10/ nm
~20 nJd In 2p




Energy 100 nJ
BW 10 nm
~20nJ'in 2p





Conclusions

Seeding from high order harmonics generated in
gas

Good transverse coherence properties, no problems in
transverse matching with the e-beam

Peculiar longitudinall distribution: (naturally filtered by the
EEL gain bandwidti)

Additional firequency: filtering reguired for Increasing the
coherence length

Energy sufficient to seed an FEL @30 nm, and prebably
also @12nm; (short pulses)

Source availlable down to the water window. ...
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