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q e o B ‘ FERMI: HIGH GAIN HARMONIC GENERATION
incrotrone - @ | IEIAN

FEL-1 and FEL-2

dispersion
nqure ARTICLES radiator
photonics [ ——

modulator
axy §
Highly coherent and stable pulses.from the _‘LW dai %zlll%
Ziﬁl;nr:l:eljg;ilzii -electron laser in the m .
""""""""""" . . * Apple 1l type helical undulators (variable gap)
FEL-1 : Single stage HGHG
Seed Laser: ‘ Mod. High gain radiator tuned at n" harmonic

THG (~260nm)

OPA (230-260nm >N B D D D D e e

or 296-360nm) Dispersion

Spectral range: 20 — 100 nm
FEL-2 : Double stage HGHG with fresh bunch injection technique

1st mod. 1st rad. 2" mod.
DS1 DS2 2" rad.

nature
e S -

Two stage seeded soft X ray free- electron laser
E Al

Spectral range: 4 - 20 nm
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q Shosrone © G ‘ FERMI: HIGH GAIN HARMONIC GENERATION
Routine performance

* High Gain Harmonic Generation free electron laser

« Covering the 100 — 4 nm range with two FEL lines (single and double “fresh bunch scheme” cascades)
* Pulse energy: 10 — 100s pJ | Pulse length: 20 — 100 fs

* Full polarization control

* High coherence (temporal and spatial)

. . _4 = -
Down to 210 rms linewidth FEL temporal jitter: (relative to the Seed): 2.2 fs

« Central A stability down to 10-° rms P. Finetti et al. Phys. Rev. X 7, 021043 (2017)
Several unique properties, stability (time, energy, photons): % 09
laser like photon statistics 0

70 10.7

Not standard, Typical 10-15% rms on FEL-1 ~ 2-3 x on FEL-2

Mon 2015-06-22 18:00:37 * FEL-1at 43.0nm * average: 248.7 p) * rms: 7.4 y 000000

60 10.6

50 40.5

200 40 104

FEL-1 saturated @43 nm

3150 e . y W Y B e e 20 0.3
o 7 7 i o : [ 7 : | 20 0.2
10 0.1
0 I ol . L . i _ )
-120 =100 -80 -60 =40 =20 0
Time (s) -100 -50 ] 50 100

Delay At (fs)
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q Sheratone (@ [RICHED ‘ FERMI: HIGH GAIN HARMONIC GENERATION
Versatility = Exotic modes

Multiple pulses can be generated by double pulse seeding in different ways, depending on the requirements on the output
radiation. Temporal separation between 25-300 and 700-800 fs. Shorter separations are accessible via FEL pulse splitting*.
Larger separations require the split & delay line.

* Pulse Splitting by using a powerful chirped Seed Laser
PRL 110, 064801 (2013)

Spectral separation 0.4-0.7%

gain ‘ 1\ timé [ [] [ () (R (N N l J\\ Allaria et al., Nat. Comm., 2013

bandwidth
spectrum
RADZ2 gain
bandwidth Spectral separation 2-3%
or much larger if the two radiators
spectrum . .
time [ I I I I e D are tuned at different harmonics

MOD gain

: ) Ferrari et al., Nat. Comm, 2016
bandwidth RAD1 gain
bandwidt
spectrum \

\ Two (almost) temporally superimposed pulses
V., '\ at harmonic wavelengths of the seed. The two

. time pulses are correlated in phase and the phase
2”02 gal o [ [ e e e e ] J \ can be controlled with the phase shifter.
anawi K. Prince et al. Nat. Phot. 10, 176 (2016)

spectrum
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Photon Analysis Delivery and REduction System

3-Ways
Plane Mirrors Switching
EIS-TIMER

PM1b Switching . ansvers®
coheteﬂce

" EIS-TIMER

EIS-TIMEX

Shutters BPM GA FNIES ¢59

’ 2.5

FEL1 .52

e —{-‘—-}—E—_ il

D) B = e
FEL2 = 5o >

o ¢ -~
-

/ol
— !
20 KB System  DiProl

o mm—g

BDA I0M lom 4 2>° = "~ KB System
PM2a Energy LDM
PM2a_MD Spectrometers

KB System / MagneDYN

o
- [
AutoCorrelator ]

2 Photon diagnostics sections + manipulation capabillities
5 FEL-served endstations

AoReS
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q Shosrone © G ‘ FERMI PHOTON TRANSPORT AND DIAGNOSTICS
The most peculiar elements

Trieste Istituto Officina
dei Materiali

Most of the machine activities devoted to fine tuning and to reach
the ultimate performance rely on the photon diagnostics available
along PADReS:

= [ntensity monitors

= Beam position monitors
» Energy spectrometers (PRESTO/TARDI)

while

All of the experimental activities carried out in the endstations
rely, besides the photon diagnostics, on the photon
transport/manipulation system

= (as absorber EW:.@_ _/}ﬂ

= Split and delay line (AC/DC)
» Focusing systems (KAOS and elliptical mirror)
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Shutters BPM GA BPM

FEL2

Beam defining apertures:
33 (25) meters from FEL1 (FEL2)

Used to eliminate the non-TEM,, modes

FEL1 2.52 X PYD
oy s S

TRANSVERSE DISTRIBUTION
Beam Defining Apertures and Beam Position Monitors

3-Ways
Switching

EIS-TIMER

EIS-TIMER
Switching Transverse

i Coherence

EIS-TIMEX

2.52

2.52 20 KB System DiProl
Energy

Spectrometer

Delay Line i 20
B KB System
LDM

Beam position monitors:
Used to monitor the photon beam angular displacement online
and shot-to-shot (knife-edge scans possible)
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q Sineratone @ o ‘ TRANSVERSE DISTRIBUTION
YAG screens

Ce:YAG screens:

3-Waye EIS-TIMER Along the whole system
Switching .
EIS-TIMER EIS-TIMEX (ideally one for each
Switching Transverse .
Shutters  BPM eA Coherence Opt|Ca| element)

FE -2° _

Lo e -

— _«_-’-.E._ z 52 g — e KB System DiProl

o Energy a

FEL2 BDA 10mM - : Spectrometer 2 KB System

LDM

FERMI experience:
BDAs and BPMs play an important role in cutting unwanted off-axis emission from
undulators and monitoring possible instabilities in the photon beam pointing
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il Offcns Gas-based monitors

3-Ways
Switching
EIS-TIMER

Switching Transverse

Shutters BPM GA BPM Coherence

FEL1 _«_-’..E._ 2ol S
FEF *_T'E__ 580 . Energy ciey-Ene ¢ 2
BDA 10mM | > i Spectrometer

Plane Mirrors

Intensity monitors:

lon signal
Measures t.h.e number of ¢ {,meﬂiim
(~3% precision, 1% repro S
Online and shot-to-shot —F
Transparent ;
' Drift
lon signal ' tube
(Position) !

EIS-TIMER

EIS-TIMEX

KB System  DiProl

LDM

P

ected particles
ation:crgss|section

2 = detector acceptance length

[sen:

. =-10n detection efficiency

F="dAtu

erse $pjand T required)

WP13 EuPRAXIA — Photon Diagnostics

-ating-based, mirror photo-current, operating on
Ie transport (especially before the endstations)
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I0M2 / I0M1

Shutters BPM GA
FEL1 2.50 BPM
2,52
FEL2 [ Energy

0.1

0.01

0.001

e R ‘ INTENSITY

freste e Gas-based absorbers
3-Ways EIS-TIMER
Switching

EIS-TIMER
Switching Transverse

® Measured ratio |
—— Theoretical ratio|

[ |Gas absorber length = 5.5m|
Gas used: N,
FEL wavelength = 32.5nm

Good-matchbetween
measurements and

nsmission

Spectrometer

EIS-TIMEX

Coherence

KB System  DiProl

Delay Line ¢ 20

KB System
LDM

Gas absorber:

Need to align the beam without destroying the sample
+ intensity-dependent studies

Max attenuation at all A; 104

Preservation of coherence. spectrum. statistics. etc.

6 meters-long gas absorber

Xe (0.1 mbar)
f— N3 (0.1 mbar)
—_— Kr (0.1 mbar)

A
—

calculatior

FERMI experience:

i

10

-6

Gas absorber preg

o' | The gas absorber should be also able to implement different gases in order to meet, if
possible, the users’ needs (e.g., cutting higher orders and/or multi-cascade FEL photons)

WP13 EuPRAXIA — Photon Diagnostics
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Trieste gt Offcing Solid state filters

Al Den=ity=2.828% Thickness=0.2 microns Pd Dens=ity=12.02 Thickness=0.2 microns

2

N

Shutters

N

Transmission
Transmission

[ ——

40 &0 40 &0

[N]
=t

Wavelength {(nm) Wavelength (nm)

LR IE L L SEL

o
o~
<

d

i

|
|

(2]
=

Filtering stations:

Need to cut unwante
higher harmonics, ot
reduce the overall int
Solid state filters (foil
(50nm -> >1000nm),
and variable diamete

Zr Denzity=6.500 Thicknes=s=0.2 microns Mg Density=1.7328 Thickne=s=0.2 microns

N

s

Transmission
Transmiszion

40 =10] 40 [-10]

=]

Wavelength (nm)} Wavelength (nm)
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q ENERGY SPECTROMETERS
reste W g PRESTO and TARDI |

800 |

3-Ways
Plane Mirrors Switching
EIS-TIMER

PM1b Switching

EIS-TIMER 600

EIS-TIMEX

Shutters  BPM 4003

LD D == ' " : LT
FELZ s ) .

Energy

DiProl |
200 -4

LDM

Spectrometers
600 8300 1000
Spectrometers
(PRESTO and TARDI) : o~
T 19, [ 0-order
o, & ==, = = Y A O o cor. o o o = S 005 S to the beamlines
(~97%)
Beam from source 15t/2nd internal order &\ Movable
to detector (~0.1-1%) " Detector
* Online (non invasive) y YAG+CCD

- Shot-to-Shot Focal curve ~ S0p

r(E), B(E) o;
- ~97% of FEL > beamlines an (S,
* 1% of FEL - YAG + triggered CCD
* Resolving Power ~15000 @32.5nm (2.5meV)

« Available information: A, BW, spectral content

250mm
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q geta & i jom ‘ PRESTO:Pulse Resolved Energy Spectrometer, Transparent and Online
Diffraction gratings

Trieste Istituto Officina
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The targe _

3 gratings
Low E
High Bl
Superf B

FERMI experience:
The energy spectrometers should operate in single-shot mode (= efficient gratings and
detectors) and should be able to operate in two/multi color acquisition mode to
measure fundamental/higher harmonics, 2-color double pulses, and FEL double-stage
photons

A WP13 EuPRAXTA=Phoion DiagnosTiCs

Mércozangrando —-13.6.2023 | 15




q LS - PRESTO/TARDI spectrometers

—— —— 77—
10 20 30 40 50 60 70 80 920 100 110 4 6 8 10 12 14 16 18 20 22 24 26 28

Wavelength (nm) Wavelength (nm)
LE HE

frieste g g Parameters and Efficiencies
LE HE SHE = s o HE vs. SHE

A (nm) — m=1 100-24.8 27.6-6.7 12.7-3.1 Low Energy Grating 61 [— P — — ;J:::::EE i
D, (I mm-) 500 1800 3750 _ o — O order (reflection) | . —— 3" order HE |
D, (I mm?) 0.35 1.26 2.68 T ooranosam S —
D, (I mm>) 1.7x10%  63x104  14x103 | § — 5" order - — order s,
Groove profile Laminar Laminar Laminar % o § /
Groove height (nm) 12 4 9 2 4 //
Groove ratio (w/d) 0.6 0.6 0.65 /\ X
Coating Carbon Gold Nickel ', =

A (nm) — m=1 13.5-60.5 2.1-9.6 ~
D, (I mm-) 600 3750 ¢
D, (I mm-2) 4.2 x 10" 2.6 1 T
D, (I mm-) 2.10 x10 1.30 x103 3 o — —
Groove profile Laminar Laminar s e —
Groove height (nm) 10 4.8 g h
Groove ratio (w/d) 0.7 0.64 g .
Coating Carbon Gold 001

0.001 I A M I TR

Wavelengtl:?nm

The target was to cover the entire FERMI range in first order of diffraction
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Sncreirone @ IEHE] PRESTO/TARDI spectrometers

freste e e Resolving Powers

2 2
/’ 2
—]
— /
10 // L105 // / ___—
g 7 = g g /// //
7 - H —
S 7 /,/ Low Energy Grating DZ, Z High Energy Grating % | )
g’ 4 // — LE grating ord.1 £ 4 —— HE grating ord.1 3109‘
= — LE grating ord.2 % 3 —— HE grating ord.2 £ 8
3 — LE grating ord.3 3 —— HE grating ord.3 S
g 2 o Q
2 o [i5
5_
10 A — . o . I B il m G1 G2 G3
10 20 30 40 50 60 70 80 90 100 5 10 15 20 25 ] — — —
Wavelength (nm) Wavelength (nm) 3 g —
2 3 4 5 67889 2 3 4 5 67889
10 100
Energy / eV Wavelength / nm
1000 100
p—t 287 % % ¢ 3 2 e e F % 3 . N
Resolving power to be
depending on the detec
o)
5 z
@
g A
RN PRESTO and TARDI cu £
8 & . . 3
¢ Ce:YAGs in vacuum co| ¢
L . m GI G2 G3
. visible light CCD came A
2 — =
° Res.Power ~ 20.000 . 3 -
2 3 4 5 6 789 2 3 4 5 & 10
T T i 3 T T T T T 'l T T T T T T T -r'"T'
Wavelengthfrlm 2 3 4 5 6 7 8 910 2 3 4 5 6 7 8 9100

Wavelength / nm
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q Elettra ENERGY SPECTROMETERS
freste e Typical spectra

Single shot spectra measured down to 4 nm (3.1nm with PRESTO and 2.1nm with TARDI)

20 —

o 43.7 nm 23.8 nm |

Il Il Il Il
0.03 0.05 434 436 438 440 0.02 0.04 0.06 0.08 0.10 237 238 239 240

0.04
Relative Linewidth (%) Wavelength (nm) Relative Linewidth (%) Wavelength (nm)
20 T T 20 T T
S 15¢ ~
S 4.4 nm s 4.0 nm
w2 72}
B g
10f-
B 2
|_| |
0.00 0.05 0.10 0.15 020 402 403 4.04 405
000 005 10 015 433 437 439 Relative Linewidth (%) Wavelength (nm)

Relative Linewidth (%) Wavelength (nm)

« Gaussian with both wavelength and bandwidth stability.

SN

312 301 3.10
Wavelength (nm)

FL, gt gt
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e Two color mode

216.0 574  soo
5.75 3z
215.5 L 400 &
. N
= >0 < 5
Pl Q (D
>~ 215.0 < z
2% 577 > 302
) - b
o Q oy
- 5.87 5 2
2 211.0 S 200
£ 588 = Q
M
o
210.5 5.89 100 £
a
5.90
210.0 0

100 300 500 700 900
Shots

Courtesy E. Allaria — P. Rebernik
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Sheretone @ IRICHEG] FEL UNDULATOR LINE ALIGNMENT

freste e Spontaneous emission on PRESTO CCD

» Electron trajectory should be straight;
» Resonance condition to the FEL wavelength should be met in
Monable each undulator

O-order

somtomsame T gP o
' mm,«\%@wm * Undulator need to be aligned to the electron beam axis
viEL ME) Py

In case of seeded FEL such as FERMI it is also required that:
« the seed laser is aligned to the same electron beam axis.

" The spontaneous emission appears in a typical

C-shape (as show in Fig. 2) corresponding to a
vertical cut of the undulator emission cone

e ka=e Oow oask integrated over the beam defining aperture

T % (BDA). This shape reflects the quadratic

oot e relationship between wavelength and angle of

- . deviation from the axis contained in the

e resonant condition equation for the emission

from an undulator. The minimum of the

parabola identifies the emission axis. In order to

— e ket 1350 improve the accuracy, we set the BDA to a very

- coreieo small horizontal opening.

RADS 2nd

L[
LY

Figure 2: GUI used to monitor the evolution of the sponta-
neous emission mode while changing the trajectory in the
resonant undulator.

Courtesy E. Allaria — C. Spezzani

WP13 EuPRAXIA — Photon Diagnostics Marco Zangrando — 13.6.2023 | 20


Note del presentatore
Note di presentazione
The spontaneous emission appears in a typical C-shape (as show in Fig. 2) corresponding to a vertical cut of the undulator emission cone integrated over the beam defining aperture (BDA). This shape reflects the quadratic relation- ship between wavelength and angle of deviation from the axis contained in the resonant condition equation for the emission from an undulator. The minimum of the parabola identifies the emission axis. In order to improve the accu- racy, we set the BDA to a very small horizontal opening. 
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last undulator safety hutch CCD_pos_0g

lllls _

Young'’s slits

32.5%m%¥8"%arm.%f%eed,%irc.%ol.

—#%— 3l rads tuned
—&—first rad detuned i
—&—first two rads detuned

09F

081

0.7}

06

05F

0.4} .

03F

n12 ~ Central fringes Visibility

02F

01F

L 1

1 1 1
0.8 1 12 1.4 16 18 2
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Sieretrone @ [ERIEHE] TRANVERSE COHERENCE

Trieste : .
! Istiuto Offcing Focused beam

Mask with two

Measurements of the transverse coherence using a mask slits/pinholes Scree|1 Pattern

with pairs of pinholes or slits on it (sample prepared by M.
Barthelmess) — beamline DiProl
A=32.5nm
- N T . Fringe visibility
o8- ' 1 96% [+/2%) I

Diffraction
pattern 1

Interference
1+2

;:- Diffraction
= 0k , . pattern 2
E / \ e easily the factor p,,
: 0.4 ! \ rizes the spatial coherence
%] )
c .- l .
A ' 1,0- = Before focusing optics
Split 2 pm JLTATAYAYA l ‘ 11 AVAYLY. = ] @ After focusing optics
- = 0,9+ Gaussian Schell Model
Exchange momenta [jm™] é
- 8 0,8
Fringe visibility

1.0 55% (+/-2%) § 0,7-
5 % 0,6-
-ﬂ. 0.8 i
> O 05-
il o
£ 8 0,4 .
s S 03 Source dim. 175 ym
- 8 1 Divergence 45 urad

. - 0)2 T T T T T T T T
" : : - : ; ! 0,00 0,25 0,50 0,75 1,00
*1.5 =10 0,5 [EN ] s 1.0 1.5%
Exchange momenta [pum "] Normalized distance [d/o]
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Scintillator-based (e.g. Ce:YAG)

* Invasive

« May suffer from saturation effects

« Scintillator gets damaged in focus

* No single-shot information (generally)
* Quick and cheap

Spot Size
10x10 pm?

PMMA and Si indentation

* Invasive

« Single shot information

« Deadly time-consuming (not fit for beamtimes)

Ellv]

Wavefront sensor sl 4
* Almost non invasive (intensity issues) e —
« Single shot information ]
* Online

* Quantitative information about focusing

Other techniques

* Pixelated P array
(ref. A. Matruglio et al., J. Synchrotron Rad. (2016). 23, 29-34)

« VLS grating based spot reconstruction
(ref. M.Schneider, et al., Nat. Comm. 9 (2018) 214) -

AN
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q LA — ‘ SPOT SIZE DETERMINATION
YAG vs. PMMA indentation

dei Materiali

defocus

Focal spot of the ellipsoidal mirror (10x10um2 FWHM)
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SPOT SIZE DETERMINATION
Wavefront Sensor

imagine| Jophic

Reference spots on

Detector Slopes = Ay/z

Wavefront Screen

SPECS

- 72x72grid (13 x 13) mm?

- Pitch=180um, Pinhole diameter: 60um
- Wavelength range: 4-40nm

- Accuracy ~N/10

- Squared pinholes !

Vvavefront
ssssss

Focusing
system

( Displacements === Phase Gradient =

Wavefront

. Back-propagation )_PC Spot at focus )

\reconstruction /
1

CModaI decomposition
Focal lengthts (Zernike)

WP13 EuPRAXIA — Photon Diagnostics

Marco Zangrando

—-13.6.2023 | 25



Sierctione @ JRIGHE] SPOT SIZE DETERMINATION

reste [ g WFS-based optimization

- [ Pugal size fmm) : | rame IMH -
- o 6,228
e = e J:'I E',El 2 psnid) ot at 50° 25,2363 9
i ; . 3 -1 Focus 60,3253
# 24%3 PO |3 espn Astigmatiem at 0° 0,7919
P i 5 pf=n(28) Astigmatism at 45° 0,1112
e i ' [ {J:'I-.E]-n-mi{ﬂ} Coma at 0® 0,831
7 (3of-DpsnldE) Coma at 5% 0,250
| |8 s -67+1 Sth order spherical sheration 03,0701 -
Shaw 3rd and Sth order & Shaw Ird onder )
@ Flat
) Measured
defocus (mm)
= s
10
5
o-C2
5
-10
B ﬁm
Intensity Ref,
@ Flat
Mheasur ed
Strehl Ratio *
(0]
0216 OB : coma at 90° 0.25 Lambda
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q T - ‘ SPOT SIZE DETERMINATION

.ﬁ y
best fonus 0 6
Intensity Ref. ﬂl?
@ Flat 3,51
1
strehl Ratio B:\b.
0903 OO <"
i J]
R

WFS-based optimization

dei Materiali

Pupd sire {rm) : Vahue [Lambda) -
68 O E_II!E-
SR iy 2 psnld) Tt at 50° 10,8821
-, = T | Foos 18,5523
233 O 4 ¢ cos(2 Astigmatism at 0F 0,0632
" 5 pFsn(28) Ashgmatism at 45° 0,013
& (3p"-2)pcosE) Coma at 0* -0,003%
j 7 3t -Hpsnld Coma at 50* 0,0028
| :-j 8 &t -4t +1 Ith ordar sphencal sberration -0,0020 -
Snhow i Show foous Show &l sl & lione Shiwy 3rd and 5th order (& Snow Ird order

- 0,02 I .
— . m_ . m
l

L | B

0,84

[ .
[ e e O e O
RHHRAsYR

>
|
w
N
)

FERMI experience:

The focusing optimization and consequent spot size characterization is fundamental for
experiments and must be pursued by means of non-invasive and online diagnostics - the
wavefront sensor is the best, so far.

In order to fulfill user diverse and often exotic requests, the active optics systems (like
KAQOS, for instance) seem to represent the best solution.
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Ant -

Aberration-free

Raw 19

nal (WFS)

Retrie\/ed

pulse profi!e (

y (microns)

y (microns)

WFS)

-40 —

Pulse profile
<0 (retrieved from
- imprint)

20

-30 20 -10 0 10
X (microns)

B ——

Pulse profile
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comparison of two reconstruction methods for
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Note del presentatore
Note di presentazione
In particular, our results prove that in the aberration-free state both reconstruction methods give consistent qualitative results. This conclusion is not only true at the focal plane but for at least few mm along the beam propagation axis. 
In both cases (imprints and WFS) at the edges of the focal region both reconstruction methods return qualitatively different results. These largely appear at ≈ ± 5 mm and, in first approximation, can be explained in terms of WFS resolution and a non-planar wavefront. 
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| A universal diagnostic?
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A single shot polarimeter based on angle resolving electron
spectrometer (J.Viefhaus’ group at DESY and then R.Coffee at
LCLS)

Theory predicts specific electron distributions over the 16
detectors depending on the used gas and FEL polarization.

Diagnostics
Versatile online beam diagnostics unit
Used at PETRAIIl, FERMI, LCLS, ...
Feasible as a (X)FEL diagnostic
Polarization characterization on a shot-to-shot

Detection scheme
Single-shot spectra > High detection efficiency ~4% of 4x
Energy resolution - Resolution up to 10-3
Angular resolution > 16 spectrometers 22.5°
Energy range - 0.02-25 keV (for European XFEL)

E. Allaria et al. Phys. Rev. X 4, 041040 (2014)
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freste e e Cross correlation techniques

Two cross-correlation methods have Solid state cross correlation: [ |5 *

b imol ted and df temporally & | cen
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measuring the FEL pulse length. FEL on the surface:. ~a s y CE

In both cases FEL pulse length has been gi:bzgl\vlfittha;gnet Ak

studied as a function of seed laser ultrashort laser A L

parameters and FEL wavelength. pulse e

40-70 fs

* In collaboration with F. Tavella team
** In collaboration with C. Callegari and LDM team

*%*

Cross correlation measurement
probing the intensity of sidebands ;
in electron spectra
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unit:
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Ry, . gmi ' 257.8 25.78 140 |61.5+3

780 nm 100 ul 3 6 L 261.1 23.74 140 | 63+4

L Me e o 2611 | 2008 | 140 | 74+3
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He+ f
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FEL 26 nm 50 ul Sty © T % 261.7 26.17 | 1575 | 7246
He

P. Finetti et al. Phys. Rev. X 7, 021043 (2017) 261.7 18.69 112.5 42+6

Expected FEL pulse shortening at higher harmonics (shorter wavelength) has been confirmed by measurements.
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Note del presentatore
Note di presentazione
In a superradiant pulse, slippage of radiation over the electron current is dominant.
The pulse finds new fresh electrons during its evolution: equivalent to the “fresh bunch technique”
Multi-stage harmonic cascade permits to get saturation at each step: phase mismatching of electrons in the tail leads to shorten the FEL pulse
Single-stage 400nm200nm successfully tested at SPARC 

Au@2º  0.61  4 X Au  0.14
Au@3º  0.45  4 X Au  0.04

Ni@2º  0.83  4 X Ni  0.47
Ni@3º  0.71  4 X Ni  0.25
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Thank you!
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Note del presentatore
Note di presentazione
Last Slide 1: Thanks to the audience
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Note del presentatore
Note di presentazione
Last Slide 2: Aerial Photo of Elettra
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