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Sincro Outline

* Fermi experimental setup

* Impact of the laser heater on
seeded FEL

* Non-Gaussian effects
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Eletra FERMI: a Seeded High Gain Harmonic

Sincrotrone
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q Sncrotrone Experimental setup

Fermi scheme
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Sincrotrone For more details on the FERMI scheme

Trieste

|

SIGNORI, ECCO LUCETTRA/

¥ IN QUESTO ENORME
O, PIU AMICHEVOLMENTE,
NCROTRONE!

AMELLC: INVECE, GLI

TUTTALTRS/!

- LT | W 0
RINOLUZIONARIC LASER A = = A
uﬁf""sfé‘mo“f'\,g ELETTRONI LIBER| — QUELLA DELLA LUCE... _
SERVE A STUDIARE
ADAGIATA NEL g
VERDE! LE MOLECOLE A

SENZA

o B A
OGNI CLURVA,
GENERANC IL

FASCIO DI LUCE
DOl SINCROTRONE
CHE FINISCE MELLE
CAMERE SPERI-

MENTALI!

SAPETE, | NOSTRI

SCIENZIATI FREMONGC

DALLA VOGLIA DI
CONOSCERMI!

| MIEI ELETTRCONI

SONO IN TESTA!

QUESTA VOLTA T|
STRACCIO!

GIA! PER QUAL=
CUNO... ANCHE
TROPPO!




Srcitone Laser heater — FEL intensity
FEL intensity vs. Laser Heater
12 ' j !
; too mugh energy spread
10 | A ~FEL degradation

FEL intensity [uJ]

0.5 1 2 3
LH energy [uUJ]

Eugenio Ferrari — eugenio.ferrari@eletira.eu | 6




Elettra .
q Sincrotrone But if we enlarge the scan range...

FEL intensity vs. heating at 32 nm

Appearence of local
maxima at large
heating (x10 with
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FEL intensity and Energy spread vs. heating
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q Sncrotrone The effect can be dramatic!

FEL intensity vs. heating at 52 nm
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q Sicitone Dependence on R56 and seed

R56 dependence (32 nm)
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q Sncrotrone Dependence on FEL wavelength

Wavelength dependence
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How to explain this behaviour?
PRL 112, 114802 (2014) PHYSICAL REVIEW LETTERS 21 MARCH 2014
Impact of Non-Gaussian Electron Energy Heating upon the Performance
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q FEL vs. LH - Without gain

Without gain, the FEL intensity is almost
proportional to the square of the bunching b,

FEL intensity vs. heating (no gain, 32 nm)
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q Srrdirone Longitudinal Phase Space and heating
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q Sncrofione Non-Gaussian energy spread

Same area and same second moment

N

0.4
0.6

0.02 :
— Exp. Data
0.8 — Gaussian fit
0.6 z
= 0.015
0.4 =)
0.2 €
e’ <
o 0 2>
£ 'z
= 02 5
A
D]
£p
<
=
O

0.8

2 |

0 1 2
E[E, (MeV)

00 0 500 1000 1500
EDE0 (keV)

Significant differences

Eugenio Ferrari — eugenio.ferrari@eletira.eu | 16




q Sncrovone Energy distribution and heating

Simulated energy profile
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q Sncrovone Energy distribution and heating

Simulated energy profile Normalized sim. energy profile
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q ?ﬁtt Energy distribution and heating

Measured energy profile

AN Normalized sim. energy profile
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FEL intensity [uJ]
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q Sincrarone (Almost) no gain...

FEL intensity vs. heating (no gain, 32 nm)
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Simulated impact on high-harmonic emission
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&Y - Summary

% A Laser Heater is routinely used in FEL operations at FERMI.

* The non-Gaussian distribution of the energy spread induced by
the Laser Heater has been shown to be preserved up to the
linac end and the undulators.

* The shape of the slice energy spread distribution has a
significant impact on FEL intensity, as it ultimately determines
the bunching.

* |n particular, several FEL local maxima as a function of LH
iIntensity have been observed, and can be controlled by tuning
the machine parameters.

* The unexpected behavior is well reproduced by previously
developed LH theory.
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q Sincrotrone Perspectives

* Preliminary numerical simulations show that the non-Gaussian
energy spread can increase the FEL power at high harmonic
(i.e. shorter wavelength) in a HGHG FEL.

% The significant increase in emission power could potentially
extend the operation range of the single cascade HGHG
scheme.
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Thanks for your attention!

ﬂ 9 1.0 The Extended el Curve.
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q Sncrotrone Laser heater - COTR
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As already observed, a small amount of heating is sufficient to dump
the COTR at screens downstream the bunch compressor
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