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d Facility overview, FEL architecture
 FEL performance
1 Operating modes (incl. two-pulses, multi-color, THz source)

 Upgrade plans
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&y - | WhyX/UVFELs

Spatial Resolution (~A): imaging, diffraction, etc. = atomic structure

Resonant Experiments: RIXS, etc. > chemical selectivity

FEL’s can combine all these
concepts! And take advantage
of the achievements of the

two scientific communities.
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1fs

Temporal Resolution (~fs): “serial” single shot imaging

and diffraction - atomic dynamics in “real time”
Peak Power (~TW): high field physics

- warm-dense matter, extreme conditions, etc.
Coherence: nonlinear optics, coherent control

- photons “work together” FERMI’s target

~




Unique Features

Trieste
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e | Unique Features
Existing and planned e | _ Longitudinal coherence
FEL user facilities Yy = il Water window
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| ELETTRA Synchrotron Light Source:
2.0 and 2.4 GeV, top-up mode,
B ~ 930 proposals from 40 countries every year

FERMI FELs
High Gain Harmonic Generation
* First lasing in 2010

* e-Linac up to 1.55 GeV

* FEL-1: 20 - 100 nm (fund.)

* FEL-2: 4 -20 nm (fund.)

K Y]

-

Sponsored by:

Italian Minister of University and
Research (MIUR)

Regione Auton. Friuli Venezia Giulia
European Investment Bank (EIB)
European Research Council (ERC)
European Commission (EC)
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&3y - | Overview

Project started in 2004
CDR: +3 years
Construction & Installations: +2 years (2009)

Commissioning: +9 months
First Lasing: +5 months (2010)

First Users FEL-1: + 8 months (2011)
\ Upgrades, First Users FEL-2: + 9 months (2012)

d High peak power 0.1 - 1 GW range

d Short pulse duration 100’s to 10 fs (fwhm)

d Tuneable wavelength 4-100 nm APPLE-II
 Variable polarization LH, LV, C undulators

% Brilliance 1030 — 103! ph/sec/mm?2/mrad?/0.1%bw
% Flux 1012 — 104 ph/pulse
* Bandwidth ~ Fourier Transf. Limit, 0.02% — 0.1% rms
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= Ultra-fast coherent diffractive imaging.

= Time-resolved scattering processes in
chemical and biological systems.

= Extreme conditions of matter, phase
transitions, population inversion.

= Low density systems, i.e. unperturbed
atoms, molecules, and clusters.

= Non-linear processes.

= Four wave mixing with elemental
selectivity.

N

Enables new science in...

simone.dimitri@elettra.eu 7



q Accelerator

Ti:Sa, 780 nm
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Suppresses e-instability
—> increases FEL
spectral brilliance

Increases e-current to 700 A

- increases FEL intensity

TCAV
SCREEN
& Dump

' £ ) (
Oll‘h' 0.6 0.4 0.2 0 0.2 04 0.6 0.8 |

simone.dimitri@elettra.eu 8



FEL-1 & FEL-2
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(e.g., 32 Am)

|~
J

® '\ “fresh” ( = low energy
spread) electrons

E. Allaria et al., Nat. Photonics 6, 699 (2012)
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@ TIMEX

&y - | Ultimate Performance
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Tuneability 2" harmonic generation form graphene

9 4 nm, FTL c Virtual state ;) i Signal
/ 307.86 eV 3
4.04 nin, 6 |J.J 284.18 eV ) Virtual/Excited S
Lin Hé)l’ (4.36 nm) | I sate o f | é T
. : . I | 2w, Spectrometer §
i I Carbon 1s
I
|
260.49 eV I :
Transverse @76 - eroean O,
| I Graphite
) | 1 | 1 | |
Coherence 260 280 300 320 340 Pump intensity (W cm™)
Energy (eV) 8 10 10" 310™ 410" 510™ 6 10"
§ from Wavefront Sensor - . ' ' A ' '
o2 g 710y High Flux °-
: 0.69 = i o
e:e 5:55;% 8 6 10 g),?-
i . 0.48 s 5 104 L :oiéo‘
: g;; — c} &
, o= 8 410*] 2 -
1 pixel = 5 3104 * oot
-4 = o O o
2.5x10* nm S 2100 it |
. o o@ o
4’ 51104-0w%%“§‘g°° 1
T o g . | @21.9nm| R K. Lam etal., PRL 120, 023901 (2018)
S SRR e R B AFM 4102 6102 8102 1107 M. Zangrando et al., Proc. FEL 2017

P. Jonnard et al. Str. Dyn. 4, 054306 (2017)
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Number of photons in FEL shot
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<<

THG, ~261 nm

A

| Wavelengths (12 — 300 eV)

FEL wavelength (nm)

© peak power
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Trieste

&) .- | Transverse Coherence

Young’s 2-slits experiment @ DIPROI

g Diffraction pattern from 2-slits exp.
- FEL-1, 6 radiaterg jat 32,5 nm

Q
o

[ dAiffractinn nvrrawrg
¢ Phase retrieval

} algorithm

@ DiProl

Transverse coherence
+
Circular polarization (L/R)
+
No-collinear geometry of IR/FEL

- -~ CCD detector

A=20.8 nm

\ /

» Holographic imaging of magnetic materials
» Enhanced E-field to melt the magnetic order

R. A. Kirian et al., Opt. Expr. 18, 6 (2010)
F. Capotondi et al., Rev. Sci. Instr. 84, 051301 (2013)
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@ LDM, TIMEX
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< ;- | Longitudinal Coherence

FEL pulse is broader than 0.3
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@ DiProl, LDM
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q o rone | Polarization @ FEL-1
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E. Allaria et al. Phys. Rev. X 4, 041040 (2014)

E. Ferrari et al., Sci. Reports 5, 13531 (2015)
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Flux
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FEL1, 20 — 100 nm: ~ 20 — 400 pJ

at the source:
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ENERGY / PULSE
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" 1 experiment at a time

Photon Beamlines

= Access to FEL-1 or FEL-2

TIMEX

TIMER

= LDM

E DIPROI

MAGNEDYN

100
80
60
40
20

Ist 2nd 3rd 4th 5th 6th
Call Call Call Call Call Call

B Submitted

bl

Towards 2 Calls

per Year
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EIS-TIMER, led by E Bencivenga & C. Masciovecchio:
FEL-based Four-Wave-Mixing instrument.

EIS-TIMEX, led by E. Principi
time-resolved pump-probe experiments on solid-
state samples in extreme and metastable conditions.

DIPROI, led by E Capotondi:
coherent and resonant diffraction imaging.

LIDM, led by C. Callegari:

In-vacuum supersonic jet of atoms, molecules,
and clusters in an unperturbed environment.

Magnedyn, led by F. Parmigiani & M. Malvestuto:
ultrafast magnetization dynamics and phase
transitions in complex materials. Only FEL-2.

TeraFERMI, led by A. Perucchi,
coherent THz source, heatless excitations of low-

energy, collective states by MV/cm field. Beamline
parasitic to FEL.

simone.dimitri@elettra.eu| 17



Trieste

& - | Multi-Pulse, Multi-Colour

.1 Seed Pulse 2 Seed Pulses
A2, , [%fi--------l o - e Indicative and not exhaustive; based
A I [ : : on past experiments.
| l
: g’, I : : * More details in the following slides.
| @
201, & L I
IE N i l I
O t !
i I '
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3{ a I : i e
l
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< - | OPA + Split RAD / FEL-2 Two Stages
® FEL power limited by number of RAD per colour RAD 2 . 384&43nm

© High AM, 4, synchronization. At;,=0

OPA (344 nm)

Intensity [a.u.]

@ First stage angular divergence is larger

© High A\, synchronization.
= 3994&133 nm

A AT1‘2 =0

simone.dimitri@elettra.eu| 19

OPA

_ _ _ _ E. Ferrari et al., Synch. Rad. News 29:3, 4 (2016)
Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada E. Allaria et al.. Nat. Photonics 4. 2476 (2013)



@ LDM

Trieste

&< - | Coherent Control....

RAD 2  63nm & 315 nm
= A*I.Z = 0

THG (266 nm) “Coherent Phase Control” means control of the time delay of

two coherent pulses on a level shorter than the optical cycle

A\ J

b , time

» Ne (gas) has high first ionization
potential > FEL-1.

= 2-photons ionization by n.¢, =1, and
1-photon ionization by ngg, =2.

Photo-electron distribution is
acquired with Velocity Map
Imaging, and the asymmetry
recorded vs. radiation phase.

» The two channels have different parity.

Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada K. Prince et al., Nat. Phot. 10, 176 (2016) e gi‘ririlone.dimitri@elettra.eu | 20



q ....to ~as level

» Left-right asymmetry in photoelectron angular distribution is due to the interference

between p-wave (2-photon process from fundamental) and s/d-wave (1-photon
process from 2"d harmonic).

« Asymmetry depends on the relative phase of t-coherent radiation pulses.

4 Green lobes: schematic polar angle e-distributions.
o
K3
= W W Lobes represent
O [ \ - - - -
~ direction and intensity <
of photo-electron £
5 *f . . S
S 9 emission from Ne. E
o 2 <
U) —
- L
c C
© O
% £ i
=g Relative phase (rad)
3.1 attosecond resolution
Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada K. Prince et al., Nat. Phot. 10, 176 (2016)
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@ LDM
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& .- | Attosecond Pulse Train

phase

33.3 nm

phase (h=8) shifter . Photo-electron
shifter Energy level scheme_( ) spectrum
TH6 66rm) = R S i
l""* -~ X
______________ - -=90=8 pb '
ATTOSECOND PULSE TRAIN t(-)l,\\N R4
B e GR T OR TG i, SO — w— rcn R - __-: S —
1.2 0 I-(-), ,’— Il
| | | | | Y N—— NP R T--l\--sn—o )
L 08 W' Y4
+IRLaser [ > R e
w w w hw,=4.75 eV@FERMI
%0 f T T f « 90 ., Tewwws L - L e i
0.0 0.5 1.0 1.5 t/?r.::ed 2.5 3.0 3,5 4.0 n=9
ng=7
Shw,=23.75eV
: . . n=5 7hwn,=33.25eV
The generation of attosecond pulses relies on the “synthesis” of 3 i e md2.75 eV

phase-locked harmonics of the FEL = attosecond science in EUV

Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada Courtesy of G. Sansone, C. Callegari simone.dimitri@elettra.eu 22




q Pulse Splitting

@ FEL power limited by low e-current at bunch edges. £ 436 e
@ AXI,Q and Atl,Q limited by e-long. phase space and seed freq.-chirp. g::j ———————

. $ 433
© Simple and robust for fixed pulse parameters. 08 08 04 02 0 02

relative delay seed/electrons [ps]

—————— *A A 434 & 43.6 nm
ATI,Z ~ 100 fS

chirped seed
with high intensity

Long and powerful
seed pulse.

140

>
=
=
3
. 8
2 ;
s Sos sy N ey iy P2
At 2 \ 4 g &
B 4 \ \f}v BY ¥ %
= 9
E 434 435 436 437 434 435 436 437 434 435 436 437
= wavelength [nm] wavelength [nm] wavelength [nm]

nw, nw,”’

Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada B. Mahieu et al., Opt. Expr. 22730, 21, 19 (2013) simone.dimitri@elettra.eu 23



@ DiProl

Elettra I
Sincrotrone HG X 2
Trieste

E
® A\, , and A-tuneability limited by THG seed laser i
bandwidth (< 1%) and RAD gain bandwidth. T e o
© Large At ,. Delay (fs)
37.2 & 37.4 nm

ATI,Z ~ 500 fS

Each seed
tuneable within,
e.g., 260-262 nm.

-

Ti dispersive
grating

FEL-Pump and FEL-Probe “across” the
Ti M-edge. Determination of dielectric
function in highly photoexcited Ti at

given time delays vs FEL flux.
E. Allaria et al., Nat. Commun. 4:2476 (2013)

Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada

37.4 37.5

37.3
A (nm)

37.1 37.2

simone.dimitri@elettra.eu| 24




Elettra
Sincrotrone
Trieste

Modulator resonance wavelength (nm)

o

1.4 ® UV-probe
121 = UV-pump

Normalized FEL pulse energy
o O =
a3 o O
>
[ ]

19.4 19.6 19.8 20.0 20.2
Modulator gap (mm)

THG (261 nm) +
OPA (255 nm)

Ultrafast magnetic dynamics with
pump and probe resonant with two
atoms, though in a limited time-
delay range.

Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada

THG + OPA + Split RAD

RS Bt ESEs 238 208 (@) FEL power limited by MOD bandwidth
© Large At, ,, flexible relative FEL intensity.

RAD 2

specular 4
1

At eprobe::_\\
—— Fe M-edge ;
Ni I\/I-edge (232 nm) ﬂﬁ\ Hpur‘-‘p
(18.7 nm) polarization : -
FEL FEL . € ) .. magnetic
probe pump ' field axis

E. Ferrari et al., Nat. Commun. 7:10343 (2015)

@ DiProl

18.7 & 23.2 nm
ATI,Z ~ 500 fS

simone.dimitri@elettra.eu| 25



. .. | mini-TIMER
&Y -~ | Four Wave Mixing: EUV + Optical

EUV-induced Transient Grating & Coherent Anti-Stokes Raman Scattering spectroscopy to investigate
collective atomic dynamics at the nano-scale & control atomic levels on demand.

CARS

s w2l

probe Wears “
Dpump Dginkes /

“’”‘“I - x ccD )

Wepy1=Weyyz -110 meV

| ‘twin-seed’: two-colour seeded FEL

| ~ 300 fs

y (mm)

y (mm)

25.7 25.8 25.9
Wavelength (nm)

26 26.1 25:7

25.8 25.9 26 26.1

Wavelength (nm)

25.7 25.8

259 26 26.1
Wavelength (nm)

The two FEL-1 pulses are at 285 = 5 fs constant temporal separation; wavelength of first pulse is tuned.

_ _ _ _ F. Bencivenga, Nature, 502, 205 (2015)
Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada

F. Bencivenga, Faraday Discussion (2016)
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@ TIMER

Trieste

q o Four Wave Mixing: ALL EUV

EUV-induced Transient Grating & Coherent Anti-Stokes Raman Scattering spectroscopy to mvestvgate
collective atomic dynamics at the nano-scale & control atomic levels on demand.

Samol < CCD
" wol | ample - ,‘

Wepy1=Weyyz -110 meV

| ‘twin-seed’: two-colour seeded FEL |
~ 300 fs

1201

July 2017 (FEL1) 12007 September 2017 (FEL2)
B ool , = '
FEL-1 Two-Seeds & SIC sample £ 800f SiC sample |
. = ~ 110 nm L0 ~ - - .
+ Split RAD: £ eof Lre I3 L..~85nm| FEL-2 Two-Stages:
54 nm +18 nm \_(; % 400 | 399 nm +133 nm
£ 30; E |
Ot 0 J
20 0 20 40 60 80 0 20 40 60 80 100
At (PS) F. Bencivenga, Nature, 502, 205 (2015) At (ps)

Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada F. Bencnvenga simone.dimitri@elettra.eu 27
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& .- | Orbital Angular Momentum

Trieste

MODULATOR D.S. RADIATORS

-b
et ARD WA Ao

seed

Zrfilter »

NAa N

m U TRTTRTTRTTH 1]

FEL beam

A/2=15.6 nm | A=31.2 nm

fundamental
+ harmonics

MODULATOR RADIATORS

=T an . A0 U110 00D RAD A
1 IR LT TR TR T T T e

SZP

H \0

* The SZP imprints a helical

Spiral Zone Plate (Si):
1=1,2,3

phase (1=1,2,3) directly onto
the EUV, and suppresses the
oth-diffraction order.

Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada

PMMA imprint
at focus
- FEL intensity

@ TIMEX

* Zr filter blocks light at A = 31.2 nm

* FEL 2" harmonic emerges from the
helical-pol. radiator

* Interference of Gaussian (n=2) and
OAM mode (2" harm. of n=1)
shows spiral intensity distribution.

’
l ()

This exp. paves the
way to much brighter
OAM pulses than
from conventional
(short) IDs

Wavefront sensor at
far field
-> FEL spot & phase

P. Rebernik et al., PRX 7 , 031036 (2017)
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@ TeraFERMI

Trieste

Elotrs, e | THz Source
Coherent Transition Radiation occurs when

— FEL1 UV / soft Xrays . relativistic electrons cross the boundary between two
—— FEL2 media of different dielectric constant.
. _ | « High-power, broadband THz pulses from
Table-Top || Mid-IR
. il 100s fs-short electron bunches.

e-beam showing a
current spike in the
bunch head at the

undulator.

e-Beam optimized for
FEL users, flat current

Beam Dul

A profile at the undulator.
El
Operational parameters at sample : S
P P P * >
Frequency Range 0.1-10 THz @ |
Pulse Energy 10 pJ - 50 pJ %
Peak Field Up to 2 MV/cm i . abd. .,
FEL Operation FELY, 10 or 50 Hz 1 Frequency (THz) &
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q Conclusions

v' FERMI FEL-1 and FEL-2 are open to user experiments, providing unprecedented
performance In terms of longitudinal coherence and spectral stability for pump-probe
and EUV-FWM contigurations.

v’ New classes of experiments in EUV and soft X-ray: coherent control, 2" and 8" order
nonlinear optics, control of magnetic domains, etc.

v" Dedicated diagnostics and data acquisition systems are available to help machine and
experimental physicists carrying out experiments.

o FEL-2 i1s more sensitive to e-beam and seed laser perturbations, and harder to set up.

» Upgrade plans for the Linac (e-beam diagnostics, e-beam optics, new acc. structures, etc.)
and the FEL (shorter seed pulses, EEHG, etc.) promise substantial improvements of the
FELSs’ performance at shorter wavelengths, and access to an even wider range of
parameters.
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e Spectro-Temporal Shaping

Trieste

vobuLaTor | DISPERSIVE ADIATOR Possibility to compensate energy-time

IR B mmumnm ecrome,,  COfrelations in e-beam distribution with
"R R N and seed laser to generate Fourier

transform limited pulses.

A |
SECTRUM vs. DISPERSIVE STRENGTH
@Dy vs. TIME )
Seed with POSITIVE A-chirp
%258
§257
Spectral intensity (a. u.)
Theory Measurement —
Seed with NEGATIVE A- chirp
E
a7
5
g
32.6
) 014 016 018 02 022 024 026 028 03 032
Dispersive strength
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q Filling A-Gaps

® After seeding at Ag, the beam will

SPBC1 Modulator ) _
LASER Seed | \ | | | have bunching content at:
HEATER ac 1 YAG &
Spreader Radiators YAG k= 'n/CkB -+ mks
_ o9k |\ — with beating
Gu Linac 1 Linac 2, 3, 4 ) ) £ 08f s —— without beating H
® such energy modulation is E osl 9k, + Ck, 9 k. - Ck,
@ Modified in order t dulate b / compressed by a factor C along 204l
odified in order to modulate beam : g0
the linac to > 3 um, and eventuall g
energy spread at A > 32 um - b XY Zog
gy sp B pm. translates into density modulation. . /\ L |
27 27.1 27.2 27.3 27.4 27.5 27.6 27.7

Wavelength (nm)
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Trieste

&) .- | Chirped Pulse Amplification

1. An E- chirped e-beam is used in combination with a A-chirped seed laser to create FEL pulses with time-
wavelength correlation.

2. The chirped FEL pulse can be compressed with dispersive elements, such as a double grating system.

1.0- 0 — O FEL pulse compression confirms the high
degree of longitudinal coherence.

= = Deconvolved FEL pulse

:“é
> 0.8
Q
S s Q It paves the way to ~fs pulse duration.
5
S D4~
i) Velocity map imaging
5 0.2-
[}
S 0.0 eessassss® = "e.esbwihi Compressed FEL ’ a
-200  -100 0 100 200 Chiped FEL @, .
Time (fs) )orsive Radiator \W ﬂ
1 \
section M,
Modulator - » “\\ *‘\ o 62 m pulse
1240 y o “‘ 5
222 o e

Beam energy (MeV)
o
(]
()]

-
N
w
o

At.,og ~ 290 fs
Ahgeeq= 0.9 nNmM
Time (ps) = ~3xFTL
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Clottra, | Echo-Enabled Harmonic Generation

or

VL [EEHG at FERMI
|  |from May 2018 !

) J K

° dispersive section, Rsg

6

4

i + 266 nm =2 5 nm
W o T G 06

j' / : 8 04

o . f-_j_'. o - |

:s - N N T, 02

N R ? e o dispersive section, R(526) o the. .

s

I'adi 2 0 1 2
ator ki, = nk, +mk,

I.  Afirst laser generates energy modulation in electron beam.

ii. A strong chicane creates “energy” structures in the
longitudinal phase space.

lii. A second laser imprints energy modulation.

Iv. The second chicane converts energy modulation into
harmonic density modulation.

* Echo appears insensitive to e-beam phase space distortions
= more stable central wavelength and narrower bandwidth.
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Sincrotrone
Trieste

TRERASSYnchrotron Hight*SouT ource

,'<-.~ ,:," -?'&L‘{’ =
Photon Analysis Delivery and Reduction
System to the
i S iXgbeamlinesgin,operation

e ol 0 E
’: ,___V . "\ “J_f\‘ ™ = ‘/‘, ..1‘ .V\\

\

; e Undulaten tuniel i
e e =t o
- -’-'4 = . Sponsoféd'by:
KIySU"O n Gal [e Ly . A L WS Ttalian Minister of University and Research
3 \, et R ¢« Regione Auton. Briuli Venezia Giulia
& L[n <l TU £ [l?[ CO ﬂ[{"O[ RO& 411 European Investment Bank (EIB)
‘ / ¢ European Research Gouncil (ERC)

¢ European Commission (EC)

.',;
I_mac up to1.55 GeV operating beam, drivingTWO externally
I Seeded-~High-Gain/Harmonic Generation FELs

" Firstlasingin 2010 ' - eight years of «experience»
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q Photon Beamlines

3-Ways EIS-TIMER
Plane Mirrors Switching
EIS-TIMER EIS-TIMEX
PM1b Switching “an‘i“'eﬁe
PM1a cence
Shutters  BPM GA Cohe 22 - 2.52
FELL, ) ol == il " 18PM YD i — e
-==.== "_{-—__..__ . ° - DiProl
- _‘.‘_.’...é__[ ].g-:'."—— AutoCorrelator 20 —.-_i:_ KB System
FEL2 2.52 I — =20 i 28 I(ﬁ System
PM2a Energy LDM
THZ PM2a_MD Spectrometers
o . . TeraFERMI

Distributed photon diagnostics:
" Reflective elements (mirrors and gratings) at grazing KB System / NragReiIT

incidence and single-layer optical coating
= KB focusing elements and active optics systems In synergy with beamlines:
= Filters on revolver — ﬁ = Wavefront sensor

‘\’“’“3\,,,\7 g spot
. GaS abSOI‘beI‘ <attenuat01‘> ” a12=2" ] Measurement Of: Best spot size (WFS)
. . L12=400mm | FWHM = 1.8 x 3.0 pm?

u IntenSIty monitor a2 =98754-99354mm b1z = 1750 - 1200 mm ° polarization’
" Spectrometer * pulse duration,
" Photon BPM on-“ne’ non- e arrival time,
" YAG sc.reens destructive * transverse coherence
=  Photodiodes

Spllt & Delay line M. Zangrando et al., Proc. FEL'17
Canadian-Italian Workshop on Future Light Sources, 9-11 April 2018, Saskatoon, Canada L. Raimondi et a|\_, NIM A, 710, 131 (2013) simone.dimitri@elettra.eu 37
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“Sideband method” @ LDM

| Pulse Length Measurements

Spectrum_nobkg

780 nm 100 ul

Seed Ti:Sa N X e
A ¥
FEL 26 nm 50 ul

Cross correlation measurement probing the

=0

intensity of the sidebands in the photoelectron
spectrum of He vs AT of FEL(pump)-IR(probe)

3650 5700

e- Time of Flight (ns)

5750 5800 5850

5900

“Single-shot cross-correlation” @ DIPROI

Solid state target EUV cross correlation: o
The FEL wavefront 1s tilted so that its fluency and

ta

FEL
40-70 fs

FEL and optical Pulse.

Target
SizNg

temporal structure are encoded spatially and 2% e A1
temporally into the surface of a Si;N, target & N —
probe it with an ultrashort laser pulse: the |

transmitted light is a cross-correlation between | L

CCD
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P. Finetti et al. Phys. Rev. X 7, 021043 (2017)
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