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e Commissioning overview

e Electron beam characterization

e Seeded FEL 1 first light
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FERMI FEL1 commissioning S

Phase 1: Jul-Nov ‘QgPhase 2: Feb-Mar ‘10 linac tunne

undulator hall

Phase 3: Jun-Jul ‘10
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Phase 4: Sept-Oct ‘10
experimental hall
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| Phase 5: Nov.-Dec. ‘10.
Seeded FEL1: single stage HGHG scheme
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FERMI

Commissioning Operations in 2010 @elenra

Commissioning activities were based on 2 shifts (6h-16h, 16h-2h) per 6 days/week

2010 FERMI@Elettra Beam and Shutdown schedule
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Low charge option F@'i:'?y

After verifying the feasibility of nominal charge operation at 800pC
with ramped profile, we set the machine in low charge operation in

order to have by Dec. 2010 the first Seeded-FEL radiation at 50-60nm
(without BC2 and X-band system):

d Q=350pC
 Laser: 5ps (full width), Flat-top (diam=1.3mm)
J Bunch compressed a factor ~5, (full width~1ps) at 1.2GeV
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elethr ome useful tools

Beam matching and transport (LH-BC1, BC1-linac, TLS-SFEL, FEL-MDB)

L BC1 MATCHING

1. energy setting 2. input optics

<E> BCO1 [MeV] [ 35116 betaX[m] [ 1585  alphaX
beta Y [m] 14,53 alpha Y

Refresh Measured Optics [
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Start
Beam trajectory feedback (rep. rate
1.3 Hz, merging of response matrix)
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Ref. Di Mitri, Scafuri, Penco

Ref.: Gaio, Di Mitri, Sjostrom
T
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eleth Beam transport in DBD&MDB %F“ﬁg'

®" In RUN 3 the beam was transported in DBD at 700 MeV and functionality of all the diagnostics

and RF structures were verified
" In RUN 4 we increased the linac energy by completing RF conditioning
" In RUN 4 before installing undulators we had to define a reliable trajectory in the FEL

beamline, losses £ 1%@350pC
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M Emittance Studies@350pC (Run 3-4-5) F@'é:'?y

Laser: FWH M=5 pS, 014 A a‘am:"c“".'";w“-"" r 25 : 2 AL 1.6 18 2 m':;“"":iﬁ"“"lu 28 3 32 B t f . LH
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norm. emittance:0.85 mm mrad norm. emittance:0.83 mm mrad

Centering the beam on the BPMs in LO1 -> ¢, =1.3 mm mrad with BC1 in off
and when compress x6.5 -> £, >3 mm mrad.
Steering the beam in LO1:

BC1 Off 1.1 1.0
BC1 Off, with LO1 at +25deg 1.7 1.3
BC1 On, CF=1 1.3-1.6  1.3-1.5
BC1On, CF=6.5 (LO1 at +25deg) 1.9 1.4

Ref. Di Mitri, Penco
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LERFD commissioning in RUN 4

e
(@elettra
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BC1
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P. Craievich

.. mscrced_spbc01.01
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En spread uncorr < 35keV
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BLM- CERAMIC GAP in RUN3 FCE'?\“"?

Spectrum-angular density of the radiated energy (
Appio, Veronese et al. FEL10)

d>W () R sin? #.JZ (ka sin 0)

dwdy — 7 d4r2e(1 = 5 eos 0)2 I3 (5

2

1 — 3 ejké(l—ﬂcosé?)/ﬁ + ] 1+ 3 e—jkf(l—fjcosﬂ)/ﬁ
1 —cos# V 1+ cosb

L.Palumbo CERN LEP TH/84-4 1984

1

Comparison of exp signal from 100GHz diode
& Bl S and theory vs theoretical compression factor.
Assumptions:
» Initial bunch length 6ps;
» Bunch profile rectangular for calculation of long.
form factor used in coherent emission
o Data manipulation:
"7 " heoretical Compression Facior - Nopnalization to maximum value

@
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=
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Veronese, Appio et al.
o

P. Craievich 3rd IRUVX-PP Annual Meeting 2011 9



elettr RUN 5 results (9" Nov. — 23" Dec.) ~ "S>

TT———
1 Beam has been transported to the MBD (compressed and uncompressed) and the trajectory
was under control

O In order to superpose seed laser and e-beam we used the seed laser steering mirrors and
after some interations we can obtain the alignement between seed and e-beam

MOdUIator LAAD LLIPPLAL AL
O §
— s .
—= ATRRRNRNNNNE

i a v
0087 [mm]

Phase

0.00 [deg)
os X relative

Spezzani, Veronese Sigalotti
Demidovichet al.

L[AG[0% ]G [QOQO0|E
e e - - ; i L
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elettr RUN 5 results (9" Nov. — 23 Dec.) FG%I?CIP'

e Seed-electron timing alignment:

— The seed laser and the electron beam have been detected on the photodiode installed
in the EOS chamber

[Seed laser p'ulsés are detected

S e RS fast photodiode in EOS region ...

CCh -

T L R T A e Y s

2ns/div

After the signal optimization using a CCD it has been
possible to obtain the timing parameters that allow to
overlap in time e-beam and seed laser within +-50 ps

M.Veronese, C.Spezzani, P. Sigalotti, R.lvanov et al.
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eletir RUN 5 results: Seeded FEL %?39

Using the delay line of the seed laser to do the fine tuning between seed and
e-beam and radiators tuned at 43nm:

The max registered peak ~100nVs
(300 times the spont. emission)

Spont. Emission
S

!

*%ﬁqﬁ*‘ﬂ,%ﬁ ' |
| P U h—'&mw" . MHH%' S

& 1 | l
Measure P1:max(C4) P2:area(C4) P3:max(C4) P5:sdev(F1) P6:mean(F1)
97 mV 12.495938 nVs 97 mV 5.539664 nVs 3.073175nVs

v v

‘Timebase -386 ns§Trigger AEH
50.0 ns/div |Stop 650mV

12/23/2010 2:53:29 AM
B
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"

Seeded FEL: energy spectrum at 43nm ‘e,

ImageMagick: HH43_7_07.png
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—— Gaussian Fit
20= 13 pxl = 260 um

Measured with the PADReS photon energy spectrometer
(no background subtraction has been done)

ImageMagick VH_43 7 07.png
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—— Gaussian Fit
20 = 350 pxl = 7.0 mm

The vertical beam size
(unfocused) has been
estimated to be around
9mm FWHM
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. Craievich

The fit with a Gaussian function gives a FWHM of
330um with an energy bandwidth of 33meV
Temporal pulse duration of the seed laser was 250fs.
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el FEL higher harmonics FGE'?\“?

Number of harmonic | Wavelength (nm)
6

43.3

8 32.5

10 26

12 21.7 2
13 20 1.2/1.8
14 18.6 1.2
15 17.3 1.2

We acquired CHG signal up to the 15" harmonics (17.3nm) by using the PADReS
photodiode

I
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eleth ..more other useful systems FSF"\"SQ'

1 High resolution cavity BPM in the FELs beamlines

1 Bunch arrival monitors in LH, after BC1 and Linac end
[ Electro-optical sampling: in front the modulator

(1 Machine protection system & RadFET Dosimeters
 LLRF in the RF plants

 Timing & synchronization

1 Bunch number and real time acquisition (correlations)
J Photon BPMs

10 monitor

(J Photon beam spectrometer

 Stripline BPMs and Multiscreen stations

 Control system well integrated

d..
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