»EUV and X-ray FELs brlef notes on unlque
characteristics of FEL light.

» Selected application examples ‘Static’ and
stroboscopic experiments using .

»What is next?
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q FEL PRODUCTION: Electron motion in a very long
undulator evolves to a free electron laser

LINAC of electron bunches entering in a very long magnetic device the radiated fields
become stronger and lead to microbunching, i.e. transform the random positions and
motions of electrons into correlated waves of electrons, emitting radiation in phase.

[ SASE spectrum.
l l l I I l | I I [ | - D - §10100fs
é;‘ I pulse

‘—-I U D envelope Of a sub- pU|Ses
with random intensity, time
T‘vaw M\/\/\ T duratlon bandwidth
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N-electrons Espt ~/N Ey ] | N-electrons Ecoherent ~ N E1

random distribution Papt ~ NP1 . micro-bunched Pconorent ~ N2P;

Uncorrelated radiated fields add S e T Correlated radiated fields adczzl -
limited coherence power N Courtesy of Kb Kim . spatially coherent power N
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q SASE-FEL Physics: increase of coherence power N as result of
constructive interference of emitted radiation

[N] [S] [N] [S] [N] [S]

Elettra Sincrotrone Trieste

Y ¢ High peak power;

% -0-0—0-0-0-0-0-0-0-0—> S Ny, o Tt % Very short fs pulses;
AT e— + High degree of

spatial coherence

 Uniformly distributed particles (beam) into undulator. .

* Emission of radiation (“spontaneous” emission). Q) f6resEicton

» Wave grows enough (undulator radiation) to begin affecting.
particle dynamics through ma = —E radiation.

 Transverse coupling between E;aq and transverse velocity vy

(in undulator) leads to energy exchange between fields and particle

d
(zero net at first) Te = mc? d—Z =F-v=—E - vy

* Modulated velocities with increments in vy lead to bunching on axis..

* Electron density modulation leads to stronger radiation,

P N N2 et Time/energy structure: envelope of a series of sub-pulses
ot == 1\72 rF : with random intensity, time duration, bandwidth and phase.

SASE

« Stronger fields (wave) drive stronger transverse velocity. *

* Stronger vy drives stronger bunching, . . . stronger fields, . . . FEL action.

FEL_physics.ai
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q SASE-FEL.: self-seeding for improving spectral (A) purity

Elettra Sincrotrone Trieste

» First undulator generates SASE.

» X-ray monochromator (grating for soft X-rays or Si/diamond crystal for hard
X-rays) filters SASE and generates seed.

» Chicane adds the same delays of electrons+washing SASE micro-bunching.

» Second undulator amplifies seed to saturation.

chicane to get electrons away from and timed with photons

2nd undulator

[V [$]¥ (4] [$]+[#] 8]+ [#]+ [#]v]4]
AR R

Seeded FEL

1st undulator
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&) FERMI: Seeding SASE-FEL using optical laser

Elettra Sincrotrone Trieste

_ _ _ o 1% «.  “SASE" FEL -timelenergy
High Gain Harmonic athegtol " structure of the pulse is
Generation (HGHG): [ o ” an envelope of a series of

seeding of the electron [+t gl 1% 5ig A sub-pulses with random
bunch with an external 1 >\ intensity, bandwidth and
laser pulse controlled [ K : phase.

in all the relevant i
photon parameters. % The properties of the FERMI

radiation are entangled with
those of the seed laser.
Defined bandwidth-time profile.

UV seed laser

>

bunch compression
<1 ps electron bunches

L. Giannessi 31.8 32 322 324 326 328 33
}(nm)

el Maya Riskinova

E. Allaria et al, Nat Photon. 6 (2012), 7 (2013)




= Probing matter on nm length scales and
and fs time scales

Unigue new opportunities thanks to the distinct properties of FEL

light: pulses with (i) High peak power, (ii) Ultrashort and (iii) Coherent

Characteristic Nanoscales in Matter Characteristic Times in Matter

102 photons e

carvier traasfer from baik b varfaceadwrhare

50 GW peak power Rise of surface phetos whtagy cffet
30 fs ¢-ph coupling Surface Redoy reaction
~ — . ) s 2 .
(dilfesion, formation of reaction-intermediates, desorplion)
1 Retaxation of surface photevaltage effect
A photon < ph-ph conpling, thermal relavation
flux
Nore - I

~ 30 ps, 108 photons
Synchrotron [\/ 50 W peak power

Valence Electron

ey Precession Time

t . Core Electron
l' l' J i e Transitions Time

1 keV

0.1 nm Atomic Corral f > Do 10-18s
Wave ~ 1 nm 1as
9-2008 9-2008

8777A6 8777A5




= Imaging-resolution-penetration-time

Elettra Sincrotrone Trieste -
Size (m)

T 10-1

» Scanning microscopes monitoring electrons - limited to
surfaces.

110-2

» Transmission electron microscopes can resolve even
atoms but are limited in penetration (samples thinner than
~ 30 nm).

» X-ray crystallography reveals the globally averaged 3D
atomic structures based on the diffraction phenomenon,
but requires crystals.

Imaging

+ 104

» Classical x-ray microscopy - limited in resolution and focal

+ 10-6

depth by the optical elements. Temporal resolution - 2 ns

The optics depth and resolution limitations = | 10-0
can be overcome by image reconstruction £ ;‘“
from measured coherent X ray scattering & $-. @
pattern visualizing the electron density of S é“z‘“ e 107
non-crystalline sample. = ;E
Y +10-10
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FEL: temporal and spatial coherence

A source with finite size and spectral bandwidth, restricted to radiate
over a narrow solid angle, generates fields with strong phase and
amplitude correlation to a limited extend

Transversa (spatial)

coherance

A, AL \

-

Source of finite size divergené’%
& duration

—

. B
~ -—qv-, >

Longitudinal
coherence length

Transverse (spatial)
Coherence:
depends on the source
size, S, and angle of
emission, O.

Longitudinal (temporal)
Coherence:
depends on the finite
spectral band width, AA/A .

These requirements
become very stringent for
shorter wavelengths.

Maya Riskinova



q Young’s double slit experiments as measure

Elettra Sincrotrone Trieste

Sample plane

Detector plane

of spatial coherence
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* Electnc figlds chaotic
« Intensities add

e §IL €W

Normalized distance D to beamsize

* Phase coherent electnic fields
» Electric fields from all
particles imerfere constructively
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L= Coherent Diffraction Imaging (CDI) @FEL

oS based upon the principle of coherent scattering in combination with a
method of direct phase recovery called oversampling

g Incoherent illumination: coherence length smaller
than the size, a, of sampled object
Diffuse scattering that averages over
all features (sizes - correlations) resulting from
slightly different wavefronts -

4+—o—p
i
2
>
~
Q.

T . “\Ja-fa 2. Coherent illumination: coherence length larger than the
! > _ W & | size, a, of sampled object
l > -ANS Speckles encode exact arrangement due to
,‘ — 3 & interference of wavefronts scattered from the features
" d ‘sss’ - the positions of each feature, obtained by an iterative
| process inverting the pattern.
S A The scattered amplitude is Fourier transform
Goberent softrays AASNSAS P> Wwﬁ::’ ’ @ of real space electron density f(r) of the
skssiiai gy object: F(k) = [ (r) e-2mi k - r dr
~d

« Proposed by Sayre to visualize the electron-density distribution in non-crystalline materials (1980)

« Pioneering experiments: Kirz, Miao, Chapman, Spence, Robinson, (Nature 400, 342; ibid. 442, 63; 448,
679; MRS Bull 29, 177, PNAS 102, 15343), Science, 316, 5830 etc)




&Y  Coherent Diffraction Imaging:
Synchrotron vs FEL Radiation

long pulses (sub-ns) max ~108 photons/pulse  Fs pulses >10" photons/pulse

Coherent Radiation

Spontaneous Radiation

N-electrons N-_electrons Econerent ~ N E1
random distribution Pspt ~ N Pj micro-bunched Peonerent ~ N2 Py

S~— .y

x 10°..10 times higher

Synchrotron radiation:

Nt pinhole and monochromators .
&w for spatial and spectral filtering, %

but at the expense of intensity!

FEL (FLASH, LSLS, SACLA, FERMI):
natural space coherence: each
electron - spontaneous emission
that overlap each other in phase

Ultra-short (fs) and ultra-bright coherent FEL pulses allow iy
imaging with single pulse before the radiation damage manifests | 4 / =
itself ! % 2 oy x/ ~

1E-3 0.0 0.1 1 10
Time (ps)

A NMaya AKrwovd




3D CDI of Ag cubes using synchrotron

Surface plots of
reconstructed shapes

E—

Rocking scan of Ag
cubes with 0.01° steps,
courtesy K. Robinson, PRL 87, 195505

. XIV School on Synchrotron Radiation: Gl 'Y °



q Resonant CDI: elemental and ‘dichroic’ sensitive

Elettra Sincrotrone Trieste
N

CDI is also sensitive to chemical states via
near-edge resonances and can be extended

y 7 I week endin;
PRL 100, 025504 (2008) PHYSICAL REVIEW LETTERS 18 JANUARY 300

Nanoscale Imaging of Buried Structures with Elemental Specificity Using Resonant X-Ray

Diffraction Microscopy H H
CroSCOp: to exploit other contrast mechanisms
Changyong Song.l Raymond Bergslrom.l Damien Ramunno-Johnson,' Huaidong J']zmg.l David Paterson,” . CrC
Martin D. de Jonge, Tan McNulty,® Jooyoung Lee,* Kang L. Wang,* and Jianwei Miao"* dependlng on resonant trans.tlons SUCh as
Pinhole

x-ray magnetic circular dichroism.
electronic orbital as well as chemical state.

Guard Slit

Bi distributionin Si >

g i

§ %mt ..............................................................

“’l 1 Holographic image of random
i magnetic domains in a Co/Pt ML
i sample, Co L;-edge absorption edge.

=
2

10,000

1a0n
Photen Energy (=V) S. Eisebitt', J. Liining”, W. F. Schiotter*, M. Lérgen', 0. Hellwig',
W. Eberhardt' & J. Stohr’ NATURE, 432, 885 (2004)

20 pm pinhole
»

- 20

STXM image

/

Phase
Retrieval
Diffraction Patterns \

0.00
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&) X-ray exposure determines the achievable
e r@gOlUtion. Radiation damage sets the dose

For each scattered photon that contributes to the diffraction
pattern there are about 10 x-ray photons absorbed. This absorption
deposits energy into the sample and leads to sample degradation.

108
1016 i
BN
o
¢ 10
L(b]
3
o) 1012
C
O
E 10
5 10
©
m ® = - = A"
"’ i i Electron I
v O
6 E\eo’t\'on cry microst P
10° A i I
Within damage limit

10 100

Resolution (nm)
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T(ev) 4

~30fs
10 I f\ electrons ——
photon
flux
~ 30 ps, 10° photons
Synchrotron 50 W peak power
electron-phonon on
5 — energy transfer or
\’ T
io /;:
' | | | | .
! ! I L T -
' 2 3 4 time (ps)
Exotic Warm dense matter Hydrodynamic
stats expansion
e

Density is constant (isochoric heating)

How matter will respond when exposed
to a very high power short fs pulses

synchrotron

- > electron L
light pulse Py 2) @ Py
AN

neutral

positively charged
Xenon cluster

Xenon cluster

beginning of the light pulse

2 positively charged
Laser Xenon alom’s.
. r 9
Lo
m > W se
% 9
-'h‘ Jc
AN ‘3 ‘o ‘3‘
intense 9 9
FEL light pulse Y \

end of the light pulse

beginning

When matter is irradiated with very intense light, exciting deeper
electronic levels, unusual processes occur which do not happen upon
irradiation with less intense light: exotic non-equiliblium state with
electrons at tens eV temperatures and ions at RT (< 100 fs), electron-
phonon energy transfer leading to warm dense matter (>1 ps), lattice
expansion (>5 ps) and Coloumb explosion..

XIV Sl B
Funda

o §IL§ <M
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= Single shot Coherent Diffraction Imaging (CDI)

pattern

Acquire data in reciprocal space:

k Resolution: 8=A/sin8 /

natare

physics

Review of
- AlP | Scientific Instruments
— TR

-
=,

Chapman et
al, (2006)

Structure and dynamic phenomena in
morphologically complex, disordered or particulate
matter - Fermi’s spectral purity is an asset!
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Appealing to explore the new collective
properties resulting from the secondary
structures of the assembled NP
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NEXT single molecule CDI

"4 um liquid jet

ol
“ / i . ~
\_ 3umraybeam atomic

structure

Liquid jet
or aerosoie |njector

shape of
nanocrystal
Interaction Front pnCCD
point (z =68 mm)
TR + Spectroscopy
Randomly oriented patterns to be = —
assembled to recover 3D image l Y l injecfor
XRD =
detector. - 3

XES spectrometer

il <¥

Fs Serial Protein Nano-crystallography

Need very short pulses

Phetoelectron

G Auger electron -~
100 N Auger electron
O Auger electron

Number of secondary ionizations

0.1 1 10 100

Time (fs)

-

% =
g 5
g H
& 2
a =
= g
= )
£ - g
= o w©
2 )
= o2 Pulse ~ o.02 =
> [+
o« e

[s] [s]
15 -0 -5 o 5 10 15
Time (fs)

FEL=~ 6-8 keV: radius of
gyration of the photoelectron
and Auger clouds can reach
300 nm and 8 nm:
photoelectron cascade
becomes bigger than nano-

objects.
C. Caleman et al, ACS NANO 5, 136, 2011
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q Towards fs-movie with single shot CDI

Elettra Sincrotrone Trieste

Challenging computational
task:

» Collection of a speckle pattern not a real
space image. Phase retrieval algorithm.

» Reconstruction algorithm has to catalog
orientation and “recognize” the frames
temporal evolution.

Using phase retrieval algorithm:
galopping horse movie can be
reconstructed

sssss

dge (1872) had succes
aphedsasiorse at a tr

C.H.Yoon et. al. Optics. Exp. 22, 8085 (2014)
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q Longitudinal coherence of FEL pulses paves a new

Elettra Sincrotrone Trieste road to extended reference h0|0graphy

FTH ideal case is to optimize the experimental geometry without restriction due
to the reference wave, permitting to optimize signal-to-noise and resolution.

Fourier holography with ‘unrestricted Seed FEL pulse has high degree of transversal and
choice’ of reference wave. longitudinal coherence.
1. Transversal coherence is the key element in CDI.

Hologram obtained 2. Longitudinal coherence is important in holography when
solving iteratively the mask is decoupled from tive sample.
ref,obj

: Ad -A=C g 3 . gie vy
CXs ﬁ wh;trae cr:,obj ¥, Combining Extended Reference Holography with particle injector

\ Sample/’,
Hologram Injector
Reference g

CXS

/a§ ) CPI reconstruction
§!Z ologra

Reference
Waves

 pa e

HE] Edge Hc.zlogruphy —
Scattering Mask

classification

FEL output 1 FFT step

Speckle pattern | Pulse

F. Capotondi et al. Optic Express 20 (2012)

A qu« Riskinova

A.V. Martin. et al. Nat. Comm. 4, 2476 (2014)




= ‘Static experiments’ affected by the
ultrafast events within pulse duration

FEL radiation not only acts as a probe but also strongly interacts with the sample ? is
‘damage’ threshold for dynamic magnetic studies, oxide reduction...

Reorganization of magnetic domains from aligned to labyrinth structure & change in the average
domain period with increasing pulse power:

Attenuated beam - integrative mode

"oorELsho . Results @ FERMI - Co M-edge The quenching -
effect occurs on a time scale shorter than the K

FEL pulse duration and at fluences lower than il .

expected ? Stimulated emission ? :

I‘JXI. Berntsen, L. Mijller et al to be publishled

5 10 15
Exchange Momentum [pm'1]

!

° Attenuated 1° full power
7.0 o FEL pulses FEL pulse
°® B
0.50¢ o e
= 2 ”‘. a
®

Magnetic scattering signal

6.0

e
g

]
5.5

jut
Next full power FEL pulses

o 1 2 3 4 & 6 71
Average pulse energy density [mJ/cm’]

- Sil§ < W Riskinova

First shot Second shot

Capotondi et al, RSI 84, 051301 (2013),
Miiller et al, PRL, 110, 234801 (2013) @ romamie




&) ‘Static experiments’: they may be affected by the
ultrafast events within the pulse duration

Ultrafast rearrangement of the electron population across the Fermi
level driven by sudden T, change, encoded in Al L edge XAS profile
0.7

T T T T T T T
Al 35 nm (CXRO) ——

bt exp. (EISTIMEX) —— /
P— ‘ ;_ 0.6 - =
> ele:.?truns Phonon - phonon o5t AL c;flige 2
— e - phonon _ Etransfer . pr.o e
= " E transfer - " S 04 Ff indicates X
' Hydro. 8 electron gas
expans. g o3 ~ average i
Warm dense matter temperature ~
i , 0.5eV
0.2
0 | > 0.1 "
0.5 1 g :
tImE [psl 0 | 1 | 1 | ! 1
N5 2 RS 1B MBS 4 4S5

photon energy (eV)

< Thermalization of conduction band electrons occurs within ~ 60 fs pulse duration;
< For E,o0n aboOVe Al 2p edge, the temperature of the electron sub-system is
estimated to be ~0.5 eV, well above the Al melting point ~ 0.05 eV.




&)Y Schemes for stroboscopic experiments «

Elettra Sincrotrone Trieste

s

»
‘ Temporal resolution - fs pulse duration & jitter ol ’

Jitter 5 fs

| s Optical Mastfer Oscillator 'l Socg User
tabilized optical reference distribution ee
Laser
Laser
—
_1 N
Photo -
Injector

w w w w % e s % »
Laser o 14 o ' Time (fs)

GUN LINAC
P. Cinquegrana et al. Phys. Rev. STAB 17, 040702 (2014) M. Danailov et al., Opt. Exp. (2014)

beam dump

2° stage emits at A,=A ,/N*™

Single color : FEL-FEL pumpl/probe pulses with variable intensities using split/delay pulse schemes:
-2 ps <At <30 ps or use two electron bunches with a RF cycle temporal distance (At ~ 330 ps -10 ns)

Two colour schemes:

» Optical pump or probe and FEL probe or pump: “timing jitter issue”- intrinsic
synchronization of the seed optical pulse with FERMI pulse is great advantage;

» Two FEL pulses with different A, and variable intensities via single or twin seed laser
schemes (At 150-800 fs), or using double undulator modes (AA is larger)
» Two FEL pulses with different A; using the first and second stage of FERMI2
@ mmms. (o Maya Riskinova




&Y Two color IR pump/FEL probe time resolved

Elettra Sincrotrone Trieste

FEL experiments:

IR-induced dissociation of CH,l following the energy of emitted | ions
Localized charge on | atom, created by X-rays may transfer to the methyl group

via Auger decay: event affected by the I-C distance

A~ _ B C R, Bl .,
[ |Projection of &
.7‘.7‘ % .f. r % T.f \.\‘% == X-ray only 10
- ) = - 5 'Z%
@ P @ © ®
9 - T - & - X---- ;1 3
MNIR N\ X-ray NIR " AX—ray MNIR h Ax—ray "é )
e = — - o 2
& delay time g delay time 0 delay time I‘Q\gi? 3
B CaF!’.culated Internuclear Distance (A) - - 7 0
| o 10 20 30 40 50 60 ?[.'l_ 200 4I(:JOn E:Y{JfOEIdBGZ)aI:Ik?OOUE(:;J)MDO 1600
ool } - C ions mainly acquire their L o
11 1 Carbon 3+ | | : =04 T I 1 T T |
0.66 LT {\ ] Charge Yl_a_eIeCt_ror! E Cf\l 4  pronounced increase when the
! }ﬂ IHHIM#IEFH ] transfer to initially ionized 5, : L NIR and the x-ray pulse overlap
oo A iodine. After ~ 100 fs the ¢ | Rttt
o0 1rl 1 L molecule charge becomes
] arbon 4+ | | . ?! . ! 1 '! ! rm,l
osr 1] P , | dete_rmlne_d by FEL Sl b }!-Mi(l'?riﬁl-i-;{l‘l High
o N i—-{ﬁﬁ | interaction with CH;and 1 5| 9 /¢ »
o054 TTH Ih ' I:L.TTT ] - —=— lowest energy jodine g+ (x5)
I T e |1 T 00 {xtape
i i H 0 200 400 800 8OO 1000 1200
01 <100 0 100 200 300 400 500 600 700 800 B‘ Erk’ SCIence (2014) Delay Time {fs)

Delay Time (fs)

e §IL§ W
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&Y Two color IR pump/FEL probe time resolved
FEL experiments:

Shedding light on lattice dynamics in individual
gold nanocrystals via coherent diffraction

Bragg peak shift with delay time

¥

|
e
-y

Angular deviation (mrad)
1
o
(1% ]

X-ray
‘\mbe/ Visible 0l
Increasing delay pump -0.

time 100 0 100 200 300 400 500
Delay time (ps)

The evolution of the coherent acoustic phonons within the
nanocrystal through the Bragg peak shift: can be modelled as a
harmonic oscillator with two modes.

J. Clark, Science 341, 56-59 (2013)
@ HimnEEL.. (il o mqet Riskinova
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IR pump /FELprobe: time resolved ‘magnetic’
reflectivity and scattering

IR pulse specular signal

off-specular signal

o
: L Spin density profile

Magnetic Multilayer Structure

Variable FEL penetration depths as a function of the incidence angle
© allow for probing after IR excitation:
(1) the effect of spin-diffusion on magnetization profile in vertical
direction and (2) the spin transport across interfaces and surfaces.

The scattered photons encode the coexistence of phases, e.g. nucleation of magnetic

domains during phase transition.

& R= 75 ul about B3 mier’ -
O IR=10ul about 11 mibier

T T T
O R= 5uJabout5 5 mdicm? 120

3to 8 nm

W June 2015 Data
E‘J B May 2015 Data
0 W Apr 2015 Data
@ Average Value

Sample Angle (deg)

Average value
shows a
decrease of the
demagnetization
time when the
FEL pulse probes
a shallow part of
the magnetic
structure.

Maya Riskinova



q IR pump /FELprobe: Laser-induced surface reactions:
wweseocneese @R transient changes of electronic structure by trans (x-ray
emission/absorption spectroscopy - XES/XAS)

binding

g - O becomes activated on a
time scale below 300 fs,

whereas CO is activated on a
500-fs time scale and the

transient states 1 and 2 are

amount

——

prodﬂuct

reactant

XAS

formed leading to CO,
532.2
A o2p 15 B
o gasphase COp X
< 555}
2 —1.510 3 ps
- o — -3 10 0 ps .
3 9501 2 > 10
5 S w — Curve fit
c = —
® 5451 £ &
5 £ %
g 782 = @ 5-
£ 540 0 = =
o TSt @ o
535 o £
o o o * 0 -
<L
- < | --
a7 " o]
1213 1.4 1.5 1.6 1.7 1.8 1.9 2.0 A .
0-CO distance (A) AR R - .
.~ _ - ™ -5 =
e T T T T T 1
558 530 536 540 -15 -1.0 -05 00 05 10 15

H. Ostrom et al. Science 347, 978 (2015) Delay (ps)

XIV School on Synchrotron Radiation g i [}



L= Single color FEL-pump/probe for schemes for
FEL/FEL experiments:

Single color FEL-pump/FEL- probe

FEL Pulse
Split mirror
Time delay

{ _——
1--.’&\‘ --E :-‘:-‘L_-_x

|

: Delay mirrors

I

- |
1.8 m 3.5m

Detector

53

§ f X-ray Photon Correlation Spectroscopy (XPCS)

Measurement of the contrast encoded in the sum of two scattering pattern as a function of the time At Costrast sl v el toe
Aty

‘A_tz. Atz Ats
“—‘: 4 A 4 A 4 ] E —t
( . > W i@ 1
_\) ) : ) ,‘ ) ) oo n} rl« [T T |
| d 4 4 P > eg frea At [ns]

e (il Maya Riskinova
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&)  Producing plasma - highly ionized state of matter

wesaeeree gnd ppOMNItoring its evolution via FEL pump-probe

With an X-ray laser, plasmas can be created that are as hot as the interiors of
giant stars. At the same time, it will be possible to investigate the status of
created plasmas at varying intervals with another part of the laser beam and
thus to conduct research into the plasma state.

0.8 g LN R | T T T

07

o
o
L

Target
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Al foil irradiated with high energy 92 eV FEL photons becomes transparent
because both electrons from the 2p state are ejected and no more
photoionization of electrons is possible — blue shift in the L edge
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FEL pulses

Diffraction from Ti Grating : Onay
at high fluence - dramatic changes in .
the Ti electronic structure: high degree

Diffraction from Ti grating using two color

of ionization which makes the grating
‘transparent’.
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&Y R pump /FELprobe: Time resolved resonant
e magnetic holography with sub-100 nm spatial and 100-fs
temporal resolution difference

1

FTH: Two color element-specific magnetization
in Co/Pt heterostructures
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Demagnitization dynamics after IR Pt and Co layers magnetic domain patterns reconstructed
pump from a single difference hologram: “inverted domains” -

induced magnetization in Pt layer.
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C. von Korff Schmising et. al. Phys. Rew. Lett. (2014).;
Structural Dynamics 4, 014301 (2017);




&Y Two-colour FEL: double resonance experiment

e with NiFe and NiFe,O, magnetic grating samples
=59 E. Ferrari etal., (2016)
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Magnetization dynamics in oxides and other complex magnetic materials with
highly localized orbitals and mediated coupling can be sensibly affected by tuning
the pump energy to a specific electronic excitation of selected atomic edges...
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&) Four wave mixing: generation of EUV transient
grating using two coincident FEL pulses

+ At=0fs

] N
1 - Ii .
‘"At = -0,5 ps I T ' ' ‘ ‘ .
CCD detector 5 SRR (% 115610
r I | o
EUV dynamic grating . ‘\‘;_o - 1.0x107 |

- 11.0110°

A

1

5.0x10°

opt -

0.0

05 00 05 10\15'10 40 70 100 130
At (ps) At (ps)

When the three beams arrive on the sample at the same
time (At = 0) a FWM signal is recorded, showing the
occurence of the wave mixing process. With time delay
of the optical pulse, intensity modulation of the
scattered signal from SiO, sample are observed
compatible with the excitation of Raman modes (At < 1.5
ps) and longitudinal acoustic modes (At > 10 ps).
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= TIMER@FERMI: Unique beamline for coherent
transient grating experiments
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PES with FELs???

Core-level PE was proven to be extremely useful tool for time-resolved
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Momentum-Time resolved resonant inelastic x-ray scattering with high spectral resolution is

feasible and complementary.
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=1 Four Wave Mixing at FEL’s what is next

Elettra Sincrotrone Trieste

;> Transient grating is one of Four
Wave Mixing techniques
Coherent Antistokes Raman
Scattering (CARS)
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Measure the coherence between the two different sites = it makes possible to
chose where a given excitation is created, as well as where and when it is
probed
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delocalization of electronic states and charge/energy transfer processes
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stero/strobo-C

C.Masciovecchio, F.Bencivenga et al
(Elettra)
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=5 X-ray sources complementary used In
e material science: from static to dynamics

Radiation X-ray Free
|[Electron Laser

Energy-time picture of x-ray material interaction
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