Technical advances in nanoscale dynamic studies:
the TIMER project
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Non-linear Optics

Wave propagation equation:

1 0? 4 O?
V X (VX) -+ ?ﬁ E(T,t) = —C—Q@P(T,t)

Expansion in powers of the applied fields

P(r,t) = PO (rt) + P (1) + PP (rt) + ..

p(l) ———> Linear Effects

P(Q) ———> Second Order Effects:

pP(3) === Third Order Effects
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Transient Grating Experiment
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Field matter interaction
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Field matter interaction
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Density Grat.

Relaxation times of the induced torsion are too fast for the usectidetsystem

Electric torque is not take into account




Field matter interaction

Absorption /—> a I S

Electrostriction

= [

t

S(t) = Asin(wt)e™ 7= + Beos(wt)e 7= + Ce 7 W = Csq



Experimental setup
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HD-TG Signal (arb.un.)

Transient Grating on confined water

Density rearrangement by the
viscous flow of the liquid
through the pores
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Transient Grating Experiment

%

 Measure many different physical
properties directly in the times
domain.

* Very broad time window

» Excellent signal-to-noise ratio.

A. Taschin, R. Cucini, P. Bartolini, and R. Torre,

Europhys. Letf 81, 58003 (2008)
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Collective dynamics in disordered systems

Characteristic lengths

X»0.1 @:> ~ Lattice space in crystals

dj » 10 = 100 nm ) Topological Disorder

Characteristic times

~ Inverse Debye frequency %» O-@/
Relaxation times @ 0.1~ E




Collective dynamics in disordered systems
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E=h/t (meV)

Collective dynamics in disordered systems
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E=h/t (meV)

Collective dynamics in disordered systems
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E=h/t (meV)

Collective dynamics in disordered systems
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Transient Grating Experiment

0,
» Measure many different physical 4psen( p/2) 2p
properties directly in the times g= — =
domain. @ L

 Very broad time window @

restricted number of available
« Excellent signal-to-noise ratio. laser radiation (from 0.2 torim)

A. Taschin, R. Cucini, P. Bartolini, and R. Torre, [j

Europhys. Letf 81, 58003 (2008) Q—region around 1-16mrl

Extension of TG to the g region 0.03 1-hm

Free Electron Laser
TG with new source I:> (FEL) radiation |:> TIMER project
( FERMI@Elettra)




FERMI@Elettra

; Experi?nei?tal ha{ill

. TEa—— Switching | | | -
T [TEEEERLaemi EIS Swalching o

First experimentsApr. 2010 (TIMEX) - Aug. 2011(TIMER)



Why to use FERMI@Elettra as new source ?
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Seeded FEL
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t-range:

The TIMER project

Excitation pulses (pump)

Q-range: 0.017+0.6 nt

Oex | ex | ex- | ex
(deg) 60 nm 40 nm 20 nm
4.6 0.017 0.025 0.05
9.2 0.033 0.05 0.1
13.8 0.05 0.075 0.15
18.6 0.067 0.1 0.2
23.4 0.083 0.125 0.25
28.5 0.1 0.15 0.3
33.9 0.117 0.175 0.35
39.5 0.133 0.2 0.4
45.7 0.015 0.225 0.45
52.7 0.167 0.25 0.5
61.1 0.183 0.275 0.55
72.7 0.2 0.3 0.6
Now Upg. 1 Upg. 2




E=h/t (meV)

The TIMER project
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E=h/t (meV)

The TIMER project

0<0.6 nmi
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E=h/t (meV)

The TIMER project
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Preliminary design of
optical layout, cost
extimations, planning
feasibility tests (laser)

:: 2009

Feasibility test, refine
and/or change the layout (if
needed)

@ 2010

Purchase, construction and
installation. Tests still
continue

: 2011

Commissioning and pilot
experiments




The TIMER project
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The TIMER project

"l #SH

F. Bencivenga and C. Masciovecchio, NIMA 89 (2009)




Edge beam splitter

Pump/probe splitting

Pump\'

FEL pulse\

Mirror

Probe
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Edge beam splitter




Edge beam splitter

Pump/probe splitting

Pump\'

FEL pulse\
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\Pump 2

Pump

Mirror

Probe
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Feasibility test setup
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Feasibility test setup
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Feasibility test setup
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Feasibility test setup
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Feasibility test setup
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TG signhal — homodyne detection

Neutral density filter e 30 Ccm delay ine—— t 2ns
e “Slow” and “fast” dynamics
e Application to solids and liquids

* Reflection geometry

DMSO
Gold 100 nm thickness on Si



Probe
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The TIMER project
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CCD

* + Reflected signal
"/ (grating diffraction)

$II

Pump IR; Probe @ 30 nm

Study of surface acoustic wave

700 fold increase in diffracted efficiency

APL 89 (2006)




Probe
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The TIMER project

./ 144

/" Reflected signal

"/ (grating diffraction)

CCD

#

$II

Pump IR; Probe @ 30 nm

Study of surface acoustic wave

700 fold increase in diffracted efficiency

7-20 nm without HHG

Intensity increase 10°

Faster induced oscillation, upto 1 TH

Electronic contribution analysis




The TIMER project

./ ” # $ ”

: Q~1.7 mt
Probe Bulk acoustic

modes i?

JCP 89 (1980)

/" Reflected signal
"/ (grating diffraction)

CCD
© JOSAS (1991)




The TIMER project

Probe 1(X) 1

"I/Reflected
¢ signal



The TIMER project

Probe 1(X) 1

//I/Reflected
¢ signal

.- Variable Thin & thick
TG+ FEL j[> LN j[> penetration depth j[> grating




EIS beamline

FEL-1
Photon energy @ 20+60 eV
fundamental
Photon energy @ 3 ™ 60180 eV
harmonic
Pulse length (FWHM)
Peak brightness ~5*10 ¥
Peak power ( 1-5 GW
Photon per Pulse \ 4+20*10 13




EIS beamline

FEL-1
Photon energy @ 20+60 eV
fundamental
Photon energy @ 3 60180 eV
harmonic
Pulse length (FWHM)
Peak brightness ~5*10 ¥
Peak power 1-5 GW
Photon per Pulse 4+20*10 13

Peak power Generation of Warm Dense
Matter (WDM), metastable
states, phase transitions,
etc...




EIS beamline

FEL-1
Photon energy @ 20+60 eV
fundamental
Photon energy @ 3 60+180 eV

Peak power 1-5 GW
Photon per Pulse 4+20*10 13

EkithOﬂS

Relaxations

Chemistry/biochemistry

Proteinffolding

Mol. motions (e.g., opti¢ phonons)

Sound (acoustic phonon§)

harmonic

T )=
Pulse length (FWHM) 50-100 fs
Peak brightness ~

Peak power Generation of Warm Dense
Matter (WDM), metastable
states, phase transitions,
etc...

Short pulses Time resolution (dynamics)

[ [ | | [ I
100 103 10€ 10°\ 1012 /10%° 1018
Timescale (s)



EIS beamline

Time resolved studies
In extreme conditions

Eletx_rons

Relaxation

Chemisfry/biochemistry
Protei|1 folding

Mol. motions (e.g., opl\c phonons)

Sound (acoustic phonor’@) Timescale (s)

Peak power Generation of Warm Dense
Matter (WDM), metastable
states, phase transitions,
etc...

Short pulses Time resolution (dynamics)

| | | | | | g
100 103 106 10-W0-1S 10-18
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