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Laser-Matter Interaction
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Laser-Matter Interaction

Ny © @ _ Target Laser Target
@ * Intensity (/> 7073 W/cm?) * Density
- Plasma e Duration (fs—ns) * Thickness
\’é @ * Wavelength  Composition
— Energy (mJ - MJ)

Plasma formation

Laser @ @@ L « Repetition Rate

Regimes of interaction depending on plasma density (n,)
with respect to the critical density (n,)

Underdense
n,<ng

——

Laser propagation
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Laser-Matter Interaction
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Laser-Matter Interaction
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Regimes of interaction depending on plasma density (n,)
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Laser-Matter Interaction

Ny © @ _ Target Laser Target
@ ©) * Intensity (/> 7073 W/cm?) Density
~ Plasma e Duration (fs—ns) Thickness
\@ ® *  Wavelength « Composition
* Energy (mJ/-M)J)

@
Las? @ @@ L « Repetition Rate

Plasma formation

Regimes of interaction depending on plasma density (n,)
with respect to the critical density (n,)

 Laserdrivenion acceleration \
Underdense Near-critical Overdense * Laserdriven electron acceleration
n, <N, N, ~ N, n,>n, * Ultra-fast gamma generation
* Inertial confinement fusion
B— E— B— * Proton-Boron fusion
* Warm dense matter study
K Radioisotopes production /

Laser propagation  Enhanced absorption Surface interaction
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Laser-Matter Interaction

Ny © @ _ Target Laser Target
@ ©) * Intensity (/> 7073 W/cm?) * Density
~ Plasma * Duration (fs - ns) * Thickness
\6 @ * Wavelength « Composition
* Energy (mJ/-M)J)
Laser ” @ @@ - " Repetition Rate Plasma formation

Regimes of interaction depending on plasma density (n,)

) . . Possible applications
with respect to the critical density (n,)

 Laserdrivenion acceleration \
Underdense Near-critical Overdense
n,<ng N, ~nNg n,>n,

Laser propagation  Enhanced absorption Surface interaction
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Acceleration regimes and target strategies

/" TNSA

- /

Enhanced absorption
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Acceleration regimes and target strategies

/" TNSA

 PLD produced
Nanofoam based
Double Layer Targets

* Near-critical coating
to enhance laser
absorption

Enhanced absorption

TNSA

[
Matteo laccarino ECLIM2026 15 sep 2026 POLITECNICO MILANO 1863 adi M



Acceleration regimes and target strategies

/" TNSA

 PLD produced
Nanofoam based
Double Layer Targets

* Near-critical coating
to enhance laser
absorption

o,b A. Maffini - Tailoring laser-matter interaction
77. - 0’ O%uw using near-critical nanofoam targets

Enhanced absorption

TNSA
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Acceleration regimes and target strategies
/" RPA )

/" TNSA

 PLD produced
Nanofoam based
Double Layer Targets

* Near-critical coating
to enhance laser

absorption
-—)
--
o,b A. Maffini - Tailoring laser-matter interaction .
77, 0’ Ouw using near-critical nanofoam targets —
Enhanced absorption Controlled areal density
TNSA RPA

[
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Acceleration regimes and target strategies

/" TNSA

 PLD produced
Nanofoam based
Double Layer Targets

* Near-critical coating
to enhance laser
absorption

o,b A. Maffini - Tailoring laser-matter interaction
77. - 0’ O%uw using near-critical nanofoam targets

\J

~/

Enhanced absorption

TNSA

/ﬂ )

* Ultrathin solid foils required for efficient RPA

 Arealdensityis a key parameter

~ o= p-d a Radiation Pressure coupling

x>

/

Controlled areal density

RPA
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Acceleration regimes and target strategies

/" TNSA

* PLD produced
Nanofoam based “w
Double Layer Targets i '_

* Near-critical coating
to enhance laser
absorption

Laser
pulse

o,b A. Maffini - Tailoring laser-matter interaction
77. - 0’ O%uw using near-critical nanofoam targets

\J

~/

Enhanced absorption

TNSA

/" RPA )

* Ultrathin solid foils required for efficient RPA

 Arealdensityis a key parameter

~ o= p-d a Radiation Pressure coupling

x>

— 4N The challenge:
= - Achieving ultralow areal density
:- while preserving target integrity

)

Controlled areal density

RPA
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Acceleration regimes and target strategies

/" TNSA

PLD produced
Nanofoam based
Double Layer Targets

Near-critical coating
to enhance laser
absorption

o,b A. Maffini - Tailoring laser-matter interaction
77. - 0’ O%uw using near-critical nanofoam targets

~/

Enhanced absorption

Novel chemical synthesis of ultrathin carbon

/ﬂ )

Ultrathin solid foils required for efficient RPA

 Arealdensityis a key parameter

~ o= p-d a Radiation Pressure coupling

x>

The challenge:
Achieving ultralow areal density

N
N
- while preserving target integrity

1111

/

Controlled areal density

N

TNSA membranes via polyyne-solution evaporation RPA
I
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A novel approach — From Polyynes to C membranes

What are polyynes?

CuClI;CuCl,

CaC2

Hzo;EtOH;CsH12

30 min, Air, Stirring

sp3—>»Diamond

sp?2—> Graphene

F. Cataldo, Carbon 43.13, 2792 (2005).

M. Agozzino et al., J. Phys. Chem. C, 2026.
[

0—0=0—0=

sp—>Polyyne
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A novel approach — From Polyynes to C membranes

What are polyynes?

CuClI;CuCl,

» sp-Hybridized carbon linear chains CaCZ H,O;EtOH;CgH 2

30 min, Air, Stirring

» Chemically synthesized in cyclohexane solution

sp3—>»Diamond

sp?2—> Graphene

F. Cataldo, Carbon 43.13, 2792 (2005).

M. Agozzino et al., J. Phys. Chem. C, 2026.
[

0—0=0—0=

sp—>Polyyne
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A novel approach — From Polyynes to C membranes

What are polyynes?

CuCl;CuCl, -
» sp-Hybridized carbon linear chains CaCZ H,0;EtOH;CgH1 . H_(C=C_)nH

30 min, Air, Stirring
» Chemically synthesized in cyclohexane solution

» Self-assemble into free-standing ultrathin carbon
membranes upon solvent evaporation

sp3—>»Diamond

D—0=0—0=
Stable sp component also after

evaportation!!

sp2— Graphene sp—>Polyyne

F. Cataldo, Carbon 43.13, 2792 (2005).
M. Agozzino et al., J. Phys. Chem. C, 2026.
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A novel approach — From Polyynes to C membranes

What are polyynes?
» sp-Hybridized carbon linear chains

» Chemically synthesized in cyclohexane solution

» Self-assemble into free-standing ultrathin carbon

membranes upon solvent evaporation

» Expected high mechanical robustness and high
Hydrogen content

Stable sp component also after
evaportation!!

F. Cataldo, Carbon 43.13, 2792 (2005).
M. Agozzino et al., J. Phys. Chem. C, 2026.

CuCl;CuCl
CGCQ s

Hzo;EtOH;C6H12

30 min, Air, Stirring

sp3—>»Diamond

sp?2—> Graphene

0—0=0—0=

sp—>Polyyne
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Carbon membrane synthesis

1) Synthesis of polyynes solution in cyclohexane H— (CEC)n/2H

F. Cataldo, Carbon 43.13, 2792 (2005).

M. Agozzino et al., J. Phys. Chem. C, 2026.
[
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Carbon membrane synthesis

1) Synthesis of polyynes solution in cyclohexane H— (CEC)n/2H

2) Evaporation of the solution at water interface

3) Membrane formation

==

F. Cataldo, Carbon 43.13, 2792 (2005).

M. Agozzino et al., J. Phys. Chem. C, 2026.
[
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Carbon membrane synthesis

1) Synthesis of polyynes solution in cyclohexane
2) Evaporation of the solution at water interface
3) Membrane formation

4) Fishing procedure on target holder

F. Cataldo, Carbon 43.13, 2792 (2005).
M. Agozzino et al., J. Phys. Chem. C, 2026.
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Carbon membrane synthesis

1) Synthesis of polyynes solution in cyclohexane
2) Evaporation of the solution at water interface
3) Membrane formation

4) Fishing procedure on target holder

Variable parameters

* Initial concentration (C,)
* Polyynes areal density (#Py/A)
\. Evaporation time )

F. Cataldo, Carbon 43.13, 2792 (2005).
M. Agozzino et al., J. Phys. Chem. C, 2026.
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Carbon membrane features

<
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Carbon membrane features

Compact Nanometric Carbon Film G ~2.47.1 pglom?

Ultrathin > 20-60 nm thickness Oflake ~ 25-200 pg/cm?
Half of Carbon bulk density > 1.19 g/cm?3

Nanostructured Carbon Flakes

Micrometric thickness -> 10-80 pm
Ultra low density > 24.7 mg/cm3 (~4n,)

Film

500 nm
—

n
Q
=
LL
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Carbon membrane features

Compact Nanometric Carbon Film

Ultrathin > 20-60 nm thickness
Half of Carbon bulk density > 1.19 g/cm?3

Nanostructured Carbon Flakes

Micrometric thickness -> 10-80 pm
Ultra low density > 24.7 mg/cm3 (~4n,)

Oflake ~ 25-200 pg/cm?

° 30 g
100} LL
— 25 — / \
£ . £
< % . 1.2 | &} Polyynes areal density 500 nm
0 ~ 1204 Al _—
g 6ol . 5 g
'_lé ° -7 : . lS‘é @ m
E 40f & 9 AL . Q
e 2 | = Features thicknesses =< o 3
20t -7 <" 3. (VU S o e g
e - e Film[nm] 15 i 3 p
a7 = Flake [um] \ / |.I.
0.5 1.0 15 2.0 25 3.0 20 ym
#Py/A [pamol cm—2]
—
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Carbon flake coverage factor

* Coverage factor (CF) quantified from SEM images

analysis

CoRE

0.87 pumol/cm?

pp = 2 .
1"‘{, R

¥ -

.

. el —r

- 2.89 pmol/cm?
- ?fvx :
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Carbon flake coverage factor

100t
* Coverage factor (CF) quantified from SEM images %0l { )
analysis < gl
— P
. . g 70}
* Higher Polyynes areal density promotes more o {
. () -
interconnected flake network g © L
$ 50/ A
. o e
e CFranging from 30 % to 90 % 40r -
30} { ‘
~ ik L i S e 05 1.0 15 20 25 3.0
0.87 pmol/cm? 2.89 pmol/cm? S e #Py/A [umol cm™]
[ )
Polyynes areal density
=
U
Flakes coverage factor

J
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Morphology & evaporation stages investigation

Production variables
* Polynes concentration (#Py) Q

* Time at the water interface

K Membrane collected at selected\
evaporation times

* UV-vis concentration tracking
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Morphology & evaporation stages investigation

Production yanables Two stage membrane formation
* Polynes concentration (#Py)

* Time at the water interface

K Membrane collected at selected\

i 1 . . evaporation times

- t Treshold conc. 60 Threshold concentration
o 1.0 }‘*{f yL[ L C=173+015mmoliL | &
+H }i T o j ) = . . .
o FovEL — * UV-vis concentration tracking
Q 0 40
N @
@© c
= < . > %
= 220 L1 Stage_ /" Film thickness
Z = st downto 10 nm!

0 20 40 60 200 40 60 80 100

Time [h] Time [h]
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Morphology & evaporation stages investigation

Production _Va“ables Two stage membrane formation
* Polynes concentration (#Py)
* Time at the water interface
K Membrane collected at selected\
I N . 3 evaporation times
- t L Treshold conc. — 60 Threshold concentration :
4 1.0 %z P*f ,lhl L l C=173=015mmoliL | 'E . . .
o ) = * UV-vis concentration tracking
0 0 40
= g
e k¥, [ 1°Stage > * Early stage - isolated flakes
S 2% Y= Film thickness and low precipitation
Z = Lt R downto 10 nm! P P
0 20 40 60 4 .
i 20 OTimeGFh] 0100 * Later stage - thickness growth

\ and flake coalescence /

1h 45h End

Sparse nuclei Flakes islands Connected flakes Thick layer
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Morphology & evaporation stages investigation

Production variables
* Polynes concentration (#Py) Q

* Time atthe water interface

- f L Treshold conc. .60 Threshold concentration

A 1.0 %‘ i ']'h L C=173=015mmoliL | E

o " "=

N o 40

© c

E Y4 o > .

= 2 20 [ 1Stage )%"" Fitm thickness

pd = st downto 10 nm!!
0 20 40 60 20 40 60 80 100

Time [h]

Two stage membrane formation

K Membrane collected at selected\
evaporation times

* UV-vis concentration tracking

 Early stage > isolated flakes
and low precipitation

* Later stage - thickness growth

\ and flake coalescence /

Evaporation duration enables
morphology tuning: from clean
ultrathin films to flake-covered

1h 45h End DLT-like structures
Sparse nuclei Flakes islands Connected flakes Thick layer
I
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Target holder fishing for free standing configuration

Membrane transfer Membrane Membrane fishing
on clean water floating with target holder

* Membrane directly fished from water interface onto target holder
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Target holder fishing for free standing configuration

0.7 pymol/cm?

Membrane transfer Membrane Membrane fishing
on clean water floating with target holder
* Membrane directly fished from water interface onto target holder ' i w19 meI/sz

* Method tested on holder with 1 and 3 mm diameter holes

* An higher #Py/A improves the mechanical robustness of the free
standing configuration
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Target holder fishing for free standing configuration

0.7 pymol/cm?

Membrane transfer Membrane Membrane fishing
on clean water floating with target holder
* Membrane directly fished from water interface onto target holder ' i w19 pmollcm2

* Method tested on holder with 1 and 3 mm diameter holes

* An higher #Py/A improves the mechanical robustness of the free
standing configuration

Mountable, mm-scale, free standing
targets for laser experiments
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Nanofoam deposition for DLT configuration

* Foam deposited directly on the free standing target

W. J. Ma et al., Physical Review Letters 122, 014803 (2019)
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Nanofoam deposition for DLT configuration

* Foam deposited directly on the free standing target

W. J. Ma et al., Physical Review Letters 122, 014803 (2019)
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Nanofoam deposition for DLT configuration

* Foam deposited directly on the free standing target

) S

[ Low-density Carbon nanofoam

N/

[ Sp-rich Carbon Membrane

Chemical membrane + PLD nanofoam -> Ultralight all-carbon DLT
W. J. Ma et al., Physical Review Letters 122, 014803 (2019)
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Nanofoam deposition for DLT configuration

* Foam deposited directly on the free standing target

 PLD carbon nanofoam offer tunable density and morphology
to the extra layer

* Foam act as low-density layer that modifies laser propagation
and enhances laser absorption

) S

[ Low-density Carbon nanofoam

N/

[ Sp-rich Carbon Membrane

Chemical membrane + PLD nanofoam -> Ultralight all-carbon DLT
W. J. Ma et al., Physical Review Letters 122, 014803 (2019)

[
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Nanofoam deposition for DLT configuration

* Foam deposited directly on the free standing target

 PLD carbon nanofoam offer tunable density and morphology
to the extra layer

* Foam act as low-density layer that modifies laser propagation
and enhances laser absorption

* Near critical foam front layer may promote laser self-focusing
and increase the effective radiation-pressure coupling with
the ultrathin film

) S

[ Low-density Carbon nanofoam

N/

[ Sp-rich Carbon Membrane

Chemical membrane + PLD nanofoam -> Ultralight all-carbon DLT

W. J. Ma et al., Physical Review Letters 122, 014803 (2019)
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Conclusion

v Novel sp-rich, ultrathin carbon membranes
sucessufully chemically produced starting from
cyclohexane-polyyne solution

v Intrinsic double-layer architecture composed by a
dense (p ~ 1.19 g/cm?3), nanometric film + ultralow-
density (p ~ 24 mg/cm3) micrometric flakes

v' Polyynes areal density and evaporation stage
permits tunable target proprieties and morphology

v Free-standing, mm-scale configuration
successfully obtained for laser-matter experiments

This work has been presented in the framework of the COST Action CA21128-PROBONO “PROton BOron Nuclear fusion: from energy
production to medical applications”, supported by COST (European Cooperation in Science and Technology - www.cost.eu)

Matteo laccarino 15 sep 2026 POLITECNICO MILANO 1863 ali


http://www.cost.eu/

Conclusion

v Novel sp-rich, ultrathin carbon membranes
sucessufully chemically produced starting from
cyclohexane-polyyne solution

 Optimization of the synthesis method to obtain

v Intrinsic double-layer architecture composed by a .
more reproducible targets

dense (p ~ 1.19 g/cm?3), nanometric film + ultralow-

ity (o ~ 24 mg/cm3) mi tric flak
density (p mg/cm®) micrometric flakes Particle In Cell simulation of laser-target

. . interaction
v' Polyynes areal density and evaporation stage €

ermits tunable target proprieties and morpholo ) o . . —

P getprop P &y * Target testing under high-intensity laser irradiation
v Free-standing, mm-scale configuration

successfully obtained for laser-matter experiments

This work has been presented in the framework of the COST Action CA21128-PROBONO “PROton BOron Nuclear fusion: from energy
production to medical applications”, supported by COST (European Cooperation in Science and Technology - www.cost.eu)
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Raman Spectroscopy
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Raman Spectroscopy

Film (5x400) Flake (5x150) Leaf (5x300)
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