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W FERMI FELs: FEL-1 and FEL-2

. . 12.40 eV 24.80 eV 61.99 eV 123.98 eV 247.97 eV 413.28 eV 1239.84 eV
FERMI is a FEL user facility based on a normal ' ' I — '
. 14 | So0e :
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Parameter Value Units 210" 3
g = Fiirgt 0oy .
Energy 0.9-1.5 GeV @ 10" - : FEL2@1.5GeV
g a FEL2G S0V S2E
Peak current 800 A §. o ? ?;i[‘; C“@i”“;g“;g;'gf@‘ 5GeV S2E ®
. 10" 3 M Third harmonic FEL2@1.8GeV S2E ®
Emittance 1.0 mm mrad g
E -
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the spectral range from 100 to about 4 nm (e e _
165337554 3 To876 5 4 3 2 1'95
frst di . wavelength (nm)
irst dispersive
MOD1 .section
1 RAD1
Y
Y FEL
‘ pulse
4.2nm
Seed pulse RAD1 RAD2 ‘
210 nm
—
— '
Electron bunch/ A A A A
MOD1|
i i . . . to e-beam dump
first dispersive delay line MOD2 $econd dispersive
section section

FERMI
@elettra

32nd International

Free Electron Laser Conference

Hilton Malms City, Swiden, August 23-27, 2010

FEL

T .

WEOB4 - Echo Enhanced Harmonic Emission in FERMI




dea FEL-2: the layout =2

FEL pulse

FEL pulse 4.2nm
MDD1 21 nm,

Seed pulse RAD1 RADE

mI T

Electmn bunch

L . ) ddi . to e-beam dump
first dispersive Future seed entrance econd dispersive

section section

* The nominal layout for FEL-2 is the double cascade High Gain Harmonic Generation scheme.

« This includes a first modulator followed by a dispersive section chicane and the first radiator
where up to the tenth harmonic of the seed laser wavelength can be amplified.

* FEL-2 will use the fresh bunch technique, a strong chicane is used to delay the e-beam with
respect to the FEL pulse generated into the first radiator.

* The FEL pulse produced in the first radiator seeds a fresh part of the e-beam in the second
modulator. This is followed by a dispersive section and a final long radiator where the final
harmonic is produced and amplified

The FERMI LINAC has been designed and optimized for such a scheme however, the layout has
been designed to be flexible for future upgrades and possible different seeding schemes.
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detra FEL-2 simulations F@E"‘Cp

In order to accommodate the two FEL pulses of the fresh-bunch the FERMI e-beam has
to have a relatively long (500fs) flat region where the two pulses can be accommodated.

Start to end studies at FERMI show the possibility of producing a beam with about 800A
and with the required properties. The start to end files have been used to perform the

FEL simulations. 0] =

Starting with a 100fs (FWHM) seed at E = éﬁ;ﬁ‘iﬁ‘éﬂ%ﬁ&i‘?o‘n“”ﬁ%’zTi‘iTfr??) _ 1400
4 == Start to end beam current

~200nm FEL pulses of about 40 fs \of -

— 1200

FWHM and about 2GW of peak power
are produced. The data here show the s 10 ‘

case for 4.2 nm which is the shortest ] ~ '*
fundamental wavelength for FERMI / '

with the current design and is the most ]

sensitive to beam properties. 10° 3 ‘

The possibility to meet the FERMI goals ] l

with FEL-2 is strongly related to the 10* ‘»j '
possibility to operate the FERMI LINAC : |
with 800pC beams that allow one to 10° - : | gl . —F0
generate the needed electron bunches -200 -100 t?me - 100 200 300

for the fresh bunch process. Pulse:2GW, 40fs FWHM, 60uJ, 3.7e12 ph/pulse
Different schemes have been studied for Photons: 4.2nm, 295eV

possible alternative solutions Bandwidth: 4e-4, ~100meV
T
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detra POssible other schemes, EEHG %""39

The possibility to implement the EEHG scheme with the FEL-2 layout with small modification has
been studied*.

The strong dispersive section (R56~mm) can be obtained from the standard delay line of the
current scheme.

The second modulator has to be changed to allow the resonance at the seeding laser wavelength

~200nm Seed pulse I FEI; rr:l'se
MOD1 (
Seed pulse 200 nm RAD2 \
200 nm
=
sy

Electron bunch

to e-beam dump

phase at 200 nm (rad) phase at 200 nm (rad)

Additional schemes like using short wavelength seeding sources (HHG) are under investigations.

*D.Xiang et al. MOPCO02, FEL09
D
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dars The FERMI delay line

o
@elettra

With the aim of allowing future new schemes in FEL-2 the “fresh-bunch” delay line has

been designed in order to allow the future use of a seed directly on the second modulator.

Two input ports for future seed

sources are available in the middle of

the chicane.

The present design of the chicane
magnets can provide an R56 larger

than 1 mm for energies up to 1.2GeV.
Although the allowed dispersion is not

as strong as that required by the
optimal EEHG scheme the available
strength is enough to implement the

EEHG up to about the 30" harmonic.

FERMI Bending Delay Line:

§

0.9GeV

1.2GeV

F. Cianciosi

1.5GeV 1.8 GeV residual unit
# of Dipoles N 4 4 q 4 4
Curvature angle 0 a 6.40536E-02 4.804B9E-02 3.84322E-02 3.20268E-02 3.14159E-04 rad
1 3.6T0 2.753 2.202 1.835 0.018 #
Beam energy of reference E; 0.9 1.2 1.5 1.8 0.9 GeV
Magnetic straight length  Lueg 181.3 181.3 181.3 181.3 181.3 mm
Drift between the magnets center 2 center  Lga, 360 360 360 360 360 mm
R56 R 2461.15 1384.16 885.32 614.73 0.06 um
Chicane transversal drit dx 23.08 17.31 13.84 11.53 0.11 mim
Integrated magnetic fieid at E, ) 0.1922 0.1922 0.1922 0.1922 0.0009 Tm
Magnetic field at magnel centre at E;  BY, 1.0589 1.0601 1.0599 1.0599 0.0052 T D. Castronovo
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detrs EEHG time steady results

FER'\A?
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Results of FEL simulations with GINGER. 1.2x10°
Using the nominal parameters for the e-beam we simulated the 1¢-
FEL using EEHG at 6.6 nm and starting from a seed at 200nm.s os-
Significant bunching (~0.1) can be produced at the exit of the 3_

second chicane and would allow the system to reach saturatiorg ..
within the six available undulators. 024

0.6
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We can also predict a significant signal at the third harmonic 001

0

T T T T
10 15 20
Undulator length (m)

(S,

0.4 -
Parameter Value Units
E-beam energy 1.2 GeV = 037
230 Seed lasers wavelength 200 nm g 0.2
- Seed laser 1 power 20 MW 3
% 2348 0.1
§ - Seed laser 2 power 120 MW /\
; BRE R56 first chicane 0.9 mm 0.0 7 . T .
P i 0 5 10 15 20
st ‘ R56 second chicane 60 um Undulator length (m)
agpg 500
el phase at 200 nrm (rad) a00
The Fourier analysis on the e-beam phase space

m
=}
a

1500 F

-
=1
=]

| L L
FFT of distribution

1000

w
=}
a

Electron density distribution {a.u)

m

=}

=]
=)
=)
=]

=]
a

2 3 4 5 10 15 20 25 30 3% 40 45 40
phase at 200 nr (rad) Harmonic (#

o
(=}
b
2}
o

at the entrance of the last radiator show that some
bunching is also present at ~40™" harmonic.
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detrs EEHG: S2E simulations (1/2) %""y

The simulations done using the present S2E electron beam of FERMI, which is not
optimized for EEHG, show that FEL performance is very similar to that of the double
cascade with the fresh bunch technique.

1.4x10° - 2.0
=== 50 x Laser 1 seeding pulse (MOD1, 200 nm)
== 10 x Laser 2 seeding pulse (MOD1, 200 nm)
&= Oytput FEL radiation (RAD2, 6.6 nm (H=30))
1.2 @ Start to end beam current
—1.5
1.0 —
)
3 S
P 0.8 - =
= —1.0 5
g o
1 0.6 =
: -
0.4
— 0.5
0.2
0.0  —— T I e ——)— 0.0
-200 -100 0 100 200 300
time (fs)

The GW level can be reached with pulses of about 50fs FWHM pulse length.
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aars EEHG: S2E simulations (2/2) %Ry

1 2x10° | W= 80T , [P =cooonm (304
sigma = 20fs 400x10" —{sigma = 0.0011 nm (~1.6e-4)
300
2 :
2 £ 200
100
e e e e Parameter Value | Units
6.650 6655 6660 6.665 6.670 6675 6.680
Heversnom Seed pulses (FWHM) 150 fs
FEL pulse (FWHM) 60 fs
FEL pulse energy 60 pd
4x10°
Photons per pulse 2*1012
§ 5 150 FEL pulse bandwidth (FWHM) 3*10
g : FEL pulse bandwidth (FWHM) 20 | meVv
‘é’ | g 100 -
g : g 3th harmonic energy 100 nJ
§ N " w0 3th ph/pulse 10°
0- ‘ ‘ ! : 0 T T T T
100 50 0 50 220 22 22 223 224
Wavelength (nm)

time (fs)
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detrs EEHG: e-beam parameters sensitivity F@%""ip

More time independent studies have been done to estimate the sensitivity of the EEHG
scheme on electron beam parameters and the possible advantages of using different
electron beams with respect to the nominal beam of FERMI.

The study focused on the 4nm FEL wavelength case with a 1.5 GeV electron beam.

2.0x1 09 - emittance =0.7 mm mrad
current =12KA
3.5x10° emittance =0.7 mm mrad \‘\
energy spread =0.25 &y

3.0+ 1.5

2.5 =
g 8
5 2.0 . 2 1.0+
z 2.5x10° energy spread = 0.25 5y i
Q 1.5 current =12kA w
o L
i 2.0 \ 05

1.0 5

g 1.5
0.5 g
& 0.0
0.0, . , ‘ , . , o 104 oA T | T T |
0 400 800 1200 w 0.1 0.2 0.3 0.4 0.5 0.6
current (A) 0.5+ energy spread (5y)
0.0
I T T | T T
0.5 0.6 0.7 0.8 0.9 1.0
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Results show how the EEHG performance could be increased by having a beam with a
higher peak current and also shows that the scheme is not particularly sensitive to the
emittance and the energy spread for the cases studied here.
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