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project

Electrons: Photons:

0.9-1.5GeV 10 — 50Hz single-pass FEL user-facility

800 A, 1 ps Aeg =100 nm (12 eV) —4 nm (310 eV)

slice emittance = 1.0 mm mrad 0.3 -4.0 GW peak power

slice energy spread = 150 keV Apple Il type undulators = tunable Arg & variable polarization

peak brilliance 103° - 103! ph/sec/mm?/mrad?/0.1%bw

ph/pulse 1012 - 104

Gultiple FEL schemes \

- maximize number and type of exps.
accelerator layout have been P P
flexible FEL output
e-beam parameters chosen to
low: —> output tuning
undulators allow: .
\_ ) machine upgrades
\ - shorter wavelengths /
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FEL schemes (ref. G. De Ninno, E. Allaria)
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civil engineering

“Maln FERMI” construcélorLbegan 25 March 2009
. COMPIeON Scheduled-b7un 2010
Moving forward very quiekly TS

Experimental Hall

S TN
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Undulator Hall




accelerator

LO2 — LO4
250 - 1200MeV !&
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undulator and experimental hall

Und. Hall and Exp. Hall, Feb.’10
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transverse beam quality

(ref. E. Allaria)

A Matlab script evaluates the transverse quality of the Pl laser at the virtual cathode:

average counts

Laser spot analysis
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longitudinal profile

(ref. L. Badano, M. Danailov)

laser shaping measured with the cross-correlator vs. e-beam (800pC) temporal profile
measured with the Cerenkov radiator combined with a streak camera:
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Charge (pC)

guantum efficiency
o QE=25x10°
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1]

=0
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W

Yirtual ¥ pos Yirtual T pos

Cathode surface sampled by a
200 pm laser spot and 10 wJ,
after 2 months operation
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(ref. M. Trovo’)

After cleaning with ozone

Charge

Wirtual ¥ pos i Wirtual X pos

meas. 26/10/2009 — 23/01/2010
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phase scan & cathode lifetime

)| Figure 1001: Scan di FASE Gun — 8%
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=100

(ref. M. Trovo’)

) Figure 202: Scan di laser Enrgy = = e
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e cathode cleaning: a longer lifetime

is observed.

150

meas. 11/2009 — 02/2010
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gun spectrometer line

(ref. G. Penco, P. Craievich)

1 Energy Results
i | Mean Energy=4.98 MsV

i | RMS energy=32 kel

Spectrometer
Gun Spect
LH Spect.

: Bending Current

W ROl Defined

F s Bl | Eerovsendcul
;1_'17&--;||E|\*:W®;\£7-|@)|5E| s O BEo= &0 260
s000 L;iSErUV pulse rarru;ln ‘ 280
2500 500
ramped sz e-beam at
laser profile 540 screen
& 560
1000 - — 580
=0 T BO0
o 7 G620
500—5 S 5 1ID 1'5 20 640
.DS 100 200 300 400 500 GO0
1400
1200 .............................. - -
o | t-projection
: . s for off-crest
» Automatic search of the linac RF g (N .
: acceleration
crest and energy measurement. 5 . ;
* (AE/E),,s < 0.06% over 1h, 5 —
neither feedback nor LLRF. - 5 4ig 4i8 4i?

W
S. Di Mitri or

Bzam Energy (MaV)

Start Measurement J

4.6

kshop on Microbunching Instability,
LNF-INFN, March 2010

11




Emittance

Emittance

emittance at low energy (ref. G. Penco, A. Lutman, M. Petronio)
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emittance at higher energy (ref. G. Penco et al.)

: : : : Twiss par. in Yer. Plane
Twiss par. InHor. Plane ¢ - : : e =4.66[nm rad]
3 =5.11[nm rad] : : : : geom
geom : : TR 'ﬁ'ﬂ'\ﬁ?fﬂ"'
B=10.24m : : : =345

b oow=768 : : S iyE0
y=5.83 :

* Projected emittance measured with quadrupole scan at 100MeV for 5ps, 330pC, flat
pulse.

» Post-processing takes 100% of the spot size and then applies fitting (symmetric or
asymmetric Gaussian) to the transverse intensity distribution.

* 3-screen at 60° phase advance also available.
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Optics matching & trajectory feedback (ref. G. Gaio, A. Lutman, C. Scafuri, S. Spampinati)

1. Measure the 2. Use elegant to match the real
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real time measurements (ref. M. Trovo’, G. Gaio, L. Giannessi)

Real time measurements of energy and emittance (bunch number available):
technique proved. now debugging codes....

energy measurement emittance measurement
with a corrector magnet with quad scan
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scheduling

1. Annual plan (management) 2. Monthly plan

( . t I I t . . . . )
2010 FERH Shutdown schedule
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3. Weekly planning of the commissioning shifts

Charge monitoring along the machine
| | | [ | | | | [ |

net 4.5 months of commissioning to date

BC1 commissioning
in June 2010...

arb. unit

inj01 L0O1 LhO1 LhO2 LhO3 LhO4 LhO5 L1.01 L1.02 L104 L105 bel01 bel02 bel03  bel04  bel05
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summary

O Design study
— CDR completed over 2003 — 2007
— now improving the original design: higher linac energy, shorter wavelength
O Civil Engineering
— Linac extension complete
— Undulator and Experimental Hall completion by June 2010
O Machine
— 15t photo-electons at MaxLab, with INFN-LNF (July 2008)
— Commissioning progressing as planned
O Schedule
— Aggressive, but plausible:
» understaffed for commissioning (help is welcome!)
e expect minimum beam quality for FEL1 saturation at 60nm by Dec.’10
0 Goal
— Operations begin start of 2011
— 100 nm to 10 nm promised, 4 nm (fundamental) stretch goal
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