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Accelerazione di particelle tramite laser
intensi ed applicazioni ai beni culturali,
(biomediche, materiali, ambiente, |A)

Patrizio Antici
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Intense High-Energy Proton Beams from Petawatt-Laser Irradiation of Solids

. * M. H. Key.! S.P Hatchett.' T.E. Cowan,' M. Roth.™* T W. Phillips,' M er,' E.A. Henry.'
TC s‘.u-\kﬂ M.S. Singh,’ S C. Wilks," A MacKinnon,! A Oltenberger,** D.M. Penmngton,' K. Yasuike,**
A.B. Langdon,' B_F. Lasinski,' J. Johnson,® M. D. Perry,' and E-M (dmpmll‘

St

Lawrence Livermore
*Depariment of Physi

protons of ens

PACS numbers: 41.75.0v. 1.Jm

The generation of fast protons from laser irradiated solid
surfaces 15 well understood [1.2] and atributable to elec-
trostatic lields produced by hot electrons acting on pro-
tons from adsorbed hydrocarbons.  An empirical power
law relationship between the Tmean proton energy and -
tensity x (wavelength) [2] (7 A%) was identified and | proton
energies up o a few MeV were observed for 1A% up 10
10" Wem 2 gem? in nanosecond pulses [1]. Scaling laws
Tor the maximum energy were simlarly derived [3)

Chirped pulse amplification (CPA) Liser technology (4]
has since enabled widespread generation of lerawalt power
and the first petawatt Jaser [5]. CPA lasers generate pulses
inthe range 20 fs 10 1 ps. 10 MV protons were observed
with a | ps CPA laser at 1A = 101" Wem? gm® consis-
tent with the previous scaling [6.7]

New mechanisms of ion acceleration have been stud-
ied with CPA lasers. Ponderomaotive pressure of the Laser
radiation causes radial aceeleration when laser beams are
focused in and suberitical density plasmas [8] and
also axial acceleration into solid targets [9]. Coulomb ex-
plosion of molecules [1] and clusters [11] has produced
energetic ions. The #on energices from these newly studied
processes have been <1 MeV /nucleon.

We report & laser induced proton beam with much higher
particle enerzy (up 0 58 MeV). The maxis
ier thin is given by extrapolating the previous
scaling law [7) to the 30X higher mtensity ol this work
A distinctive feature 15 emission with good beam collima-
tion [\r]\l)dnul.lr 1o the rear-umirradiated surfuaceds) of the
ming of protons ol energy
wits reported 1n nanosecond pulse CO: laser ex-
periments [12]. Our observed high proton encrgies open
up access o nucledr processes

The experiments used @ CPA laser system generating
I PW pulses of 300 Is duration [5]. With /3 parabolic
mirror focusing, the peak intensity was 3 % 107" Wem 2

Q03 1-9007/ 00,/ 8514}/ 2045(0)S15.00

PO, Box 808, Livernare, California M550
fornia 95616

rgy protons are

,\:ﬂiﬁt.”’"ﬁ*"mtenﬁ ty lasers...

=10 MeV. The energy spectrum exhibits ®sham

V on the axis of the beam which decreases in enesgy wath increasing

acterize e beam

in a focal spol of 9 pm FWHM with 3% of the enerzy
inside the first mimmum.  Amplified spontancous cmis-
sion in a4 4 ns period before the main pulse had 10+ of
the main pulse energy and there was a3 % 10 * prepulse
2 ns before the main pulse. This precursor radiation "L"-

erated 4 pl..\W*;. .tr uredl b _

optical mterf [y P -o“ é

3100 o o a plae T0m T 1 ymer '

target with an appre ||.I\ expgoential fall o kower den-

siies having g scal :h nu mbe r
The proton beanlivd 9 & [I§e

film which changes throug lymenzaton ol a dicety-

lene active Layer, gon -.un .u N 1o .LuL hlm n pm
partion 1o tiggos
100 erps/ A 90 Rod uI B L i \ I\

and sheets of RC film was \l\ul ﬂw COne is 4 cm deep

at s apex, which X Y ! g
the laser axis™ ih e copfred nm \h ar
sphere. The RC film response wis calibrated absolulely

and the image data were analyzed by digital densitometry
and transformed geometrically to produce contour plots of
dose as 4 function of angle llustrated in Fig. 1

The data in Fig. 1 show a collimated intense proton
beam emitted perpendicular 10 the rear target surface of @
Au target at 457 1o the luser axis. s lar width narrows
10 10% 0 the image through 600 gm of Ta. The beam is
rather uniform in intensity with near circular sharp bound-
aries. There is a low intensity wide buckground
which s discussed clsewhere 2
tivastic electrons [14]. Sumilar results were seen for nor-
mal ncidence, § polanzaton, and target thickness down
1020 eme The proton beam profiles from CH rgets have
nonuniform edges and exibitinternal line structure as 1l-
Tustrated in Fig. 2 for a 100-gm thick CH target at normal
incidence, There was typically & 5 times greater proton in-
duced dose recorded from CH relative 1o Au targets. Data

@ 2000 The American Physical Society 2045




1000 x more compact

N + other properties (short duration)
RS = PATLAL
E-field .., =50-100 MeV /meter (Breakdown)  Courtesy of W. Mori & L. da Silva

Time= 0.74[ps]

Plasma cavity 100 um

i |



Opening of new labs for proton acceleration (e.g.
FLAME@INFN-LNF or ALLS@EMT-INRS) R .
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TNSA proton source 27-33em 45cm

Initial beam - Firal be-m

waser I ]
pulse Focusing PMQs : Eg;?,y;oblclol Application
i 300 and 160 T/m, 3 cm length ] A (":‘::’:’w,

|

Dis3icm
5 MeV . . . . - D2=0.1cm
D3=05cm
. . . - D4=07cm
OFEN Design and optimization of a S
- D11
compact laser-driven proton “ HE—E—E—EE
D3=22em
1 o1 D2 03 04 05 06 Daaaem
beamline FH
Received: 13 November 2017 M. Sciscid2, M. Miglioratit, L. Palumbo? & P. Antici? ® Seam envelope aiong the ine 5 e Final beam: ransverse plane
Accepted: 19 March 2018
P:l?:h«l online: 19 April 2018 Las?r- « a protons, by irradiating a solid targ.et with a short, er!ergetic laser pulse 15 Stk Ot i " 06
at high intensity (/ > 10*W.cm—3), a yifnot source T s
to conventional accelerators, due to their intrinsic features, such as high beam charge and short - ! o
é 0. < 02
i, ol Eo
8 o 5
= 04
" a6
Laser and Particle Beams Design and optimization of a laser-PIXE | S S S N T

¥ [em)

beamline for material science applications e e o)

cambridge.org/(pb PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 16, 011302 (2013)

A. Morabito®? (), M. Sciscio®3, S. Veltri®, M. Migliorati? and P. Antici®

1 " . .2 A .
Research Article ELI-ALPS, ELI-HU Non profit Ltd., Dugonics ter 13, Szeged, 6720, Hungary; “INFN and University of Rome, Via

Scarpa 14, 00161 Roma, Italy; ENEA, Fusion and Nuclear Safety Department, C. R. Frascati, Via . Fermi 45, Intrinsic normalized emittance growth in laser-driven electron accelerators
Cite this article: Morabito A, Sciscio M, Veltri Frascati, 00044 Roma, Italy; “Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
3 3 i 5 i

S, Migliorati M, Antici P (2019). Design and PL-50422 Wroclaw, Poland and INRS-EMT, 1650 Boul. Lionel Boulet, J3X 1S2, Varennes, Canada B .12 .3 . 4% . .3 .3 .12
optimization of a laser-PIXE beamline for M. Migliorati, ~ A. Bacci,” C. Benedetti,”™ E. Chiadroni,” M. Ferrario,” A. Mostacci,
material science applications. Laser and Abstract L. Pa.lumbo,"z AR, ROSSi,3 L. Sefa.ﬁni,s and P. Anﬁcil.zﬁ.f
Particle Beams 1-10. https://doi.org/10.1017/
50263034619000600 Multi-MeV proton beams can be generated by irradiating thin solid foils with ultra-intense rarger n

. (>10'® W/em®) short laser pulses. Several of their characteristics, such as high bunch charge
::;":f’lﬁﬁ: ;:1199 and short pulse duration, make them a compl y alternative to ¢ ional radio fre-
Accepted: 6 Aigust 2019 quency-based accelerators. A potential matenal scnenoe application is the chemlcal analysxs
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Possible PhD Thesis:
Beam dynamic simulations
Beam line design
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2. Laser-PIX ral Heritage

PATLAL

www.nature.com/scientificreport:

SCIENTIFIC RE Pg}RTS Explore different materials /

Limits of this and combined
OPEN |Laser-Accelerated Proton Beams as technique / Damage ’?

Diagnostics for Cultural Heritage

M. Barberio™?, S, Veltri®, M. Sciscio™” & P. Antici

C. Hargoues CZRMF /Aglaé/ CHRE Photothique

F - ".i'a
Une statuette en bronze du forum
de Bavay analysée avec Aglaé.

Possible PhD Thesis:
- Laser-PIXE for In-Air analysis of artifacts

- Laser-PIXE for Archeometry



2. A new field:; Laser-d
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(e)

ELI Beamlines and its new project: Non-Destructive
Laser-driven Heritage Testing

Institute of Physics of the Academy of Sciences of the Czech Republic / ELI Beamlines Research Center is launching
a new project called Non-Destructive Methods of Heritage Testing , financed by the Prague Operational Program

-

<7+« Intense Laser Irradiation Laborato
! 7 ¥ Spectrometer
\{Lll‘-f’ National Institute of Optics — National Council of Research r | C N R I N 0

o

Home ILIL Laser Facilities Research Publications People How to reach us Gallery News

Laser-PIXE

Laser driven Particle Induced X-ray Emission:

source development and X-ray spectral/spatial analysis

The PIXE (Particle Induced X-ray Emission) is a multi-el al, quantitative, highly sensitive (trace ele- 08
ments with concentrations in parts-per-million), rapid, non-invasive and non-destructive analysis technique Gt by e,

to determine the composition of surface layers of a sample. The technique is based on spectroscopy of the
characteristic X radiation emitted by each atom following irradiation with proton/ion beams. PIXE requires
protons with MeV energies (2-3 MeV typically) that are currently produced with particle accelerators whose
dimensions (and costs) represent a limit for the application of the same technique outside of large research in-

——— X-ray Green
—— X-ray Green over Blue
~—— Electrons Green over Blue

ScienceAdvances

Current topic: e
-Analysis of violins with University of Pavia (M. Malagodi) integrted quantatv PXE ansy

troscopy using a laser-driven parti

-Analysis of specific metallic items with Uniroma3 (L.Tortora) o e e

....... Efkev])




3. Possible thesis: Las

Institut national
de larecherche
scientifique

(Exh

High-power laser:

Intensity on target

>10"8 W/ecm?

Focusing
Parabola

((3) I

Mirror

Proton
source
target

Aerosol

tion)

PATIAL:
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Nuclear Instruments and Methods in Physics Research B 363 (2015) 86-91

Contents lists available at ScienceDirect

Nuclear Instruments and Methods in Physics Research B

journal homepage: www.elsevier.com/locate/nimb

=

1| BEAM
||INTERACTIONS
1| WITH
MATERIALS

Present role of PIXE in atmospheric aerosol research @«:mm

Willy Maenhaut®

Ghent University, Dep of Analytical Chemistry, Krij 281, $12, BE-9000 Gent, Belgium
Department of Pharmaceutical Sciences, University of Antwerp (Campus Drie Eiken), Universiteitsplein 1, BE-2610 Antwerp, Belgium

|s laser-PIXE applicable for Exhaust-
detection ?



4. Possible thesis: Lase
Alzheim

Mirror

High-power laser:
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Intensity on target v s
>1018 W/ecm? L Y
- > -
' = proton beam
\ Proton X-rays

Focusing - source .

Parabola target

(f3) - "y X-ray
Ldetector

E for early cancer and

tection ._
PATLAR

There is a correlation between the
alteration of selected trace elements
concentration in brain tissue and
certain neurological diseases
(Alzheimer’s disease, Parkinson’s
disease, and brain tumors). Most
attention has been given to Fe, Cu
and Zn and their concentration in
different parts of the brain.

In addition:

« Laser-driven protons for Gene-
manipulation (Modification of
DNA)

« Laser-driven protons for
radiotherapy (zebrafish
irradiation)
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ARTICLE B Crectrpusis
OPEN

Automation and control of laser wakefield
accelerators using Bayesian optimization

R. ). Shalloo® '™, S. J. D. Dann® 2, J.-N. Gruse® ', C. . D. Underwood® 3, A. F. Antoine® %, C. Arran3,
M. Backhouse', C. D. Baird?3, M. D. Balcazar®, N. Bourgeois?, J. A. Cardarelli®, P. Hatfield® 5, J. Kang®,

K. Krushelnick?, S. P. D. Mangles® ', C. D. Murphy® 3, N. Lu7, J. Osterhoff® &, K. Péder@ &, P. P. Rajeev® 2,
C. P. Ridgers?, S. Rozario', M. P. Selwood® 3, A. J. Shahani’, D. R. Symes2, A. G. R. Thomas® , C. Thornton® 2,

Z. Najmudin® " & M. J. V. Streeter@ '

Collaboration with:

mproving
Ining

INFN2) o~

PHYSICAL REVIEW LETTERS 126, 104801 (2021)

Bayesian Optimization of a Laser-Plasma Accelerator

Soren Jalas®,"" Manuel Kirchen®,' Philipp Messner,”'* Paul Winkler,*' Lars Hiibner,*

Julian Dirkwinkel®,® Matthias Schnepp,l Remi Lehe,* and Andreas R. Maier®™!

'Center for Free-Electron Laser Science and Department of Physics Universitit Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany

*International Max Planck Research School for Ultrafast Imaging & Structural Dynamics,
Luruper Chaussee 149, 22761 Hamburg, Germany

*Deutsches Elektronen Synchrotron (DESY), Notkestrafe 85, 22607 Hamburg, Germany

‘Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA

Energy Beam Attenuator
detector expander l 1
£ Electron
’ ‘ Quadrupole Charge  spectrometer

Wave front Plasma
sensor source /

Nz Hz H2 '
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Mirror ——&X/\

Thomson

Parabola 1

Proton

: 3 beam
Pulselength 1,=0.7 ps u
Wavelength A=1057 nm o % °33°’ Thomson AFTICFE — -
Intensity 102° W/cm? Parabola 2 S S o . .
. Laser-accelerated particle beams for stress testing
Focusing X5 of materials

(f13) M. Barberio!, M. Sciscid'?, 5. Vallires!, F. Cardelli'?, SN. Chen® **, G. Famular®, T. Gangolf 3, G. Revet?4,

A. Schiavi?, M. Senzacqua® & P. Anticl’
Material sample

25 cm
Possible Thesis:
1) Stress test on different materials
2) Doping of semiconductor

materials using laser-driven
protons
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International working mode
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M. Barberio, S. Giusepponi, S. Valliéres, M. Sciscié, M. Celino, P. Antici
Ultra-Fast Metallic Nanoparticle Synthesis using Laser-Accel d Protons
Scientific Reports, in press

C. Bienvenue, S. Valliéres, S. Payeur, and P. Antici
Fast Submicrometric Absolute Positioning of Flat Reflective Surface by Monochromatic Interferometry
Review of Scientific Instruments, in press

S. Valliéres, M. Barberio, M. Sciscio, E. d'Humieres, and P. Antici
Enhanced laser-driven proton acceleration using ultrasmall nanoparticles
Physical Review Accelerators and Beams 22, 091303 (2019)

A. Morabito, M. Sciscio, S.Veltri, M. Migliorati, P. Antici

Design and optimization of a dedicated laser driven hybrid proton beam-line for cultural heritage
applications

Laser and Particle Beams, https://doi.org/10.1017/S0263034619000600

S. Valliéres, C. Bienvenue, P. Puyuelo-Valdes, M. Salvadori, E. d’Humiéres, F. Schiettekatte, and P.
Antici
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Low-energy proton calibration and energy-dependence linearization of E
Review of Scientific Instruments 90, 083301 (2019)

M. Barberio, E. Skantzakis, P. Antici
Material analysis using 1 pl driven
Journal of Luminescence 214, 116603 (2019)

Home / australia / Powerful lasers for fragile works of art

M. Barberio, E. Skantzakis, S. Sorieul, P. Antici

POWERFUL LASERS FOR FRAGILE WORKS OF ART
Pigment darkening as case study of In-Air Plasma Induced Luminescenc
Science Advances 5, 6, eaar6228 DOI: 10.1126/sciadv.aar6228 (2019) & australianawa O June 10,2019 @ australia

M. Barberio, P. Antici L Loton
Laser-PIXE using laser-accelerated proton beams .

Scientific Reports 9, 6855 (2019)
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1~ Nell'ambito del di culturale,

ra Italla e Québec per il periodo 2017-2019, un'innovativa ricerca nel campo
e applicate alla tutela del patrimonio culturale, guidata dal professore Patrizio
1italiano in forza allInstitut National de la Recherche Scientifique (INRS) del
nuto la sulla rivista Sclence .

al suoi collaboratori e a un gruppo di ricerca intemnazionale, che vede coinvolta
ita della Calabria, I'acceleratore di particelle francese AIFIRA ed il laboratorio

ha sviluppato un nuovo strumento diagnostico per esaminare lo stato di
Jelle opere pittoriche: il metodo di ricerca impiega la tecnologia laser per spiegare
i pigmenti di alcune opere pittoriche, tra cui | celebri Girasoli di Van Gogh, abbiano
:entezza originaria nel corso del tempo, diventando via via piu scuri.
:gneria presso la Sapienza Universita di Roma, con dottorato In fisica presso
inique in Francia e dottorato in ingegneria presso la Sapienza, Antici spiega che
logia, che prende il nome di In-Air PIL (dall'inglese In Air Plasma-Induced

pud essere usata non solo per analizzare o stato di conservazione delle opere

, ma anche per [ la ela LIn-Alr

ratica ed del sistema piis efficace maggi in uso nel & Email ¥ stampa ¥ PDF
nservazione, il PIXE (Particle-Induced X-ray Emission), pertanto si configura come

nativa presto commercializzabile, con potenzialita che non riguardano lap del artistico, ma anche altri

:nze dei materiali".

Istituto Italiano di Cultura seguasu @ QO O

Montreal

Chislamo Eventi LinguaeCultura Awvisi Contatti

Home > Gl Eventi > Calendario

m Italia-Québec, la cooperazione va su “Science Advances”

dScic'nce -
p— Advances
Archivio

Eventiin ltalia di , sclentifica gicatra ltalia e

2
Québec per il periodo 2017-2019, uninnovativa ricerca nel campo delle tecnologie applicate alla tutela
del p le, guidata dal pr Patrizio Anticl, studioso italiano in forza allInstitut
National de la Recherche Sclentifique (INRS) del Québec, ha ottenuto la pubblicazione sulla
prestigiosa rivista * Science Advances”

Anticl, assieme ai suoi ie aun gruppo diricerca che vede Ita anche
IUniversita della Calabria, I'acceleratore di particelle francese AIFIRA ed il laboratorio Greco FORTH, ha

sviluppato un lo stato di delle opere
pittoriche: il metodo di ricerca impiega la tecnologia laser per spiegare come mai alcuni pigmenti di
alcune opere pittoriche, tra cui i celebri Girasoli di Vian Gogh, abbiano perso la loro lucentezza originaria
nel corso del tempo, diventando via via pil scuri

Anticl - laureato in ingegneria presso la Sapienza Universita di Roma, con dottorato in fisica presso

IEcole Polytechnique (Francia) e dottorato in ingegneria presso la Sapienza spiega: "La nuova



Advantages / Disadvantages of a joint PhD
(but there are no disadvantages--*)

PATLAL
- International - Flexibility in travels
exposure (network) and working time
- Multidisciplinary - Good language
- Multitasking (theory/ skills
experiment) - Result oriented
- Salary is almost - Able to work
doubled (!) independently
- High productivity and - Fast decision
flexibility making, fast acting

-> Good Job insertion



What is INRS — Center Energy, Materials, Telecommunications

~40 multidisciplinary professors
PhDs (small center,

Institut national
de la recherche
scientifique
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FY2020 FY2019 Dimit ®sumps @ ror
2020 | 2019 University $000 $000 - -

25 25 Institut national de la recherche scientifique $66,280 $71,889 - -78 $419.5 $98.6 S Qc

9 8 McMaster University (7' $353,530 $371,599 -4.9 $369.4 $68.9 M ON

5 6 University of Calgary (4" $457,296 $487,805 -6.3 $298.5 $67.8 M AB
12 11 University of Saskatchewan (' $223,328 $243,531 -8.3 $207.9 $65.0 M SK

3 3 McGill University $628,642 $606,489 3.7 $344.1 $63.5

1 1 University of Toronto* (7' $1,234,278 $1,089,287 13.3 $446.6

2 2 University of British Columbia $652,637 $624,465 45 $267.7
44 44 University of Winnipeg $13,169 $12,344 6.7 $43.9
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