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d Introduction: impact of the longitudinal phase
space on the FEL performance

d  Who are the main “linac players” in defining the
longitudinal phase space (LPS)

d An additional free parameter: shaping the bunch
current profile at the injector

1 Experimental evidence of LPS linearization

J Conclusion
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» A linear energy chirp in the e-
beam couples with the dispersive
section R, and 1t shifts the FEL
wavelength radiation: it can be
compensated by retuning the
undulators wavelength.

* A quadratic energy chirp results in a
spectral broadening of the FEL
radiation. In principle it can be
compensated with a negative chirp
seed pulse.
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Linac elements defining e LPS
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Long. Wakes (*that strongly
depend on the current profile)
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Longitudinal wake potential (MV/nC)
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Longitudinal wakes

Wakes potential is fitted by a 3™ order polynomial:

1 1
W, (r) = éwffa37'3 + §wffa27'2 + wrra1T + ag
ap aq an as
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Y - Nominal FERMI configuration

Trieste

(500 pC/flat-top at the 1nj & only BC1)

Et)=E, + ULV I
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&)Y - Two-stage compression helps

If considering the wakes
contribution as a quadratic chirp, it
can be compensated with the T4,
of BC2: this translates in higher CF
in BC2 (Rgg=41mm, i.e. 6=80mrad)
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Backtracking of a “flat-flat”

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 9, 120701 (2006)
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Formation of electron bunches for harmonic cascade x-ray free electron lasers
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q .. | Which current distribution at
the cathode ?
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Sy Photo-Injector Laser pulse
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shaping

1.5 : - - long flat-top pulse (FWHM=10 ps)
—short flat—top pulse (FWHM=5 ps)
-~ -very short pulse (FWHM=3 ps)
—ramp profile (FW ~ 10 ps)

Normalized intensity
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G. Penco et al., JINST 8, P05015 (2013)
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& -~ PIL shaping system
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PIL intensity (arb. unit)
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&) ;- 1-D tracking (BC1+BC2)
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 |Experimental studies on the
= A ramped current bunch

PIL spot size has been increased from the nominal radius of 0.65 mm to
0.85 mm to limit the risk of cathode surface damaging due to the high
energy peak in the temporal profile tail. The consequence 1s an
unavoidable increment of the beam thermal emittance, that 1s expected
to be enhanced proportionally.

e,=1.68um =1.17um
X: 8X=1.25 m Ex= 1111
p,=48 m 5=255 | |B=24.7m

elegant
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q -~ | LPS LLinearization
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&Y - Conclusion

A linearly ramped current bunch profile has been generated by
temporal shaping the photoinjector laser (quadratic ramp).

* Injector transverse emit. increases (1.1-1.2 um) but it remains under
control and meets the FERMI specification (1.5um).

* The “ramped” bunch has been longitudinally compressed in two
stages (BC1 and BC2).

 Full linearization of the electrons longitudinal phase space at the end
of the linac has been experimentally demonstrated !

* The “ramped” bunch has been sent in the FEL-2 line (HGHG double-
stage cascade) and few uJ at 8nm has been measured. A detailed
characterization of the FEL performance in this configuration 1s going
to be carried on in the next future.

FEL 2013 | Manhattan, USA
nnnnnnnnnnnnnnnnnnnnn Electron Laser Conference 17
August 26-30, 2013

Giuseppe Penco —



Elettra
Sincrotrone
Trieste

Thank You
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