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I 3D model details

The model used to compute the 3D energy deposition is based on the one published by
Boulais et al.! Although it can be applied to any metal, we consider in the following that the
nanostructure is made of gold. The electromagnetic field E is calculated using the Helmholtz
equation (1), considering a exp(+iwt) time-harmonic dependency. The electromagnetic wave
excites oscillations of the quasi-free electrons in the gold nanostructure, causing both absorp-
tion in the particle (Qgys) and redistribution of the incident field in a nanoscale region close

to the particle?. Owing to the very different heat capacities of the quasi-free electrons and



the gold ions, the particle is seen as being composed of a system of electrons and a lattice,
following a Two-Temperature Model (TTM)?, with temperatures T, and Typ (equations
(2,3)). The electronic conductivity C. is assumed to vary linearly with 7, and the electron-

t+° even if it has been shown that for very large

phonon coupling factor G is taken constan
intensities, the behavior of these two parameters changes greatly, due to the excitation of
d-band electrons into the conduction band”.

The extreme laser intensity close to the particle induces the ionization of a small vol-
ume of water and formation of a nanoscale plasma®, whose electronic density and energy
density are modeled via equations (4,5)). Water is assumed to behave as an amorphous
semiconductor with a 6.5 ¢V gap®!?, with a valence and a conduction band. Photoionization
through tunnel and multiphoton ionization!! (Spu.) excites electrons from the former to
the latter. Excited electrons absorb energy through inverse Brehmsstrahlung!® (Qgys) and
can collide with neighboring water molecules, promoting electrons in the valence band to the
conduction band through an avalanche ionization process'? (S.,;). Collisions with ions!3:4
(Q.i) as well as radiative losses'® (Q,qq) and recombination'® (S,..) complete the possible
loss mechanisms. The transient plasma density significantly alters the dielectric permittivity
€., strongly coupling the plasma equations (4,5) with Helmholtz equation (1).

Although the TTM is widely used in simulating the irradiation of metals by ultrashort
pulses, it does not as such account for the modification of the NP’s optical properties during

15719 As of today, fudge factors for ad hoc fitting are often used'>?° when

the laser pulse
modeling these transient properties and authors use assumptions based on weak intensities
(considering only intraband absorption) with temperature changes of a few tens of Kelvins
at most 2923 that prevent from adapting their model to any irradiation conditions (pulse
and particle parameters), in particular those of high intensities than can trigger non-linear

absorption in the near-field. Other groups delve into the band structure details and make

extensive use of the full Boltzmann equations!'®2426 but computational costs rise accord-

ingly.



A reliable model that includes both the transient metal optical properties and the modi-
fication of the medium permittivity due to the excitation of quasi-free electrons close to the
surface in the context of plasmon-enhanced cavitation is not currently available. From the
results from our training set, we observed that there is between 10 and 20 times more energy
deposited around the particle as compared to in the particle, and the particle temperature
stays well below the melting threshold, in agreement with experimental measurement of
the particle breaking threshold?”. Furthermore, the modifications of the NP properties are
mostly concentrated in the wavelength window from 450 nm to 650 nm for AuNPs>? (it
is the d—s or p interband transition), so irradiation at wavelengths outside of this window
are much less affected. We therefore chose to keep the TTM approach. Our model will thus
tend to slightly overestimate the energy deposited directly in the particle for high intensities,
which should result in bubbles slightly bigger than observed experimentally in the case of
conduction-mediated bubbles.

Both the plasma and the particle transfer heat to the water, inducing a temperature rise
that is modeled using a classical heat equation (equation (6)). The thermodynamic transition
is assumed to be isochoric, due to the pulse widths being shorter than the water molecules
collision time!'®. These equations are solved with the finite-element method software Comsol
(Comsol, Inc., Burlington) in a domain of radius corresponding to the irradiation wavelength.
Perfectly Matched Layers are used to emulate an infinite domain. Complete geometry tallies
up to ~45,000 tetrahedral second order elements. A Generalized-a solver with Comsol’s
default settings is used for time-stepping. The equations are presented in Table S1, the

numerous terms in these equations are detailed in Table S2.



Table S1 | Equations for the 3D modeling of the energy deposition following the laser pulse
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Table S2 | Parameters used for the 3D simulation of the interaction of a gold nanoparticle
and an ultrafast laser
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Laser pulse full width at half maxi-

mum
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Photoionization rate, from Keldysh theory!!:
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The energy deposition is then extracted from the previous calculations.

Current density !3:31:33

Electrical conductivity 133133

Constant water density

Water heat capacity at constant vol-
ume

Water heat conductivity

Heat transfer coefficient at the gold-

water interface

Particle density (given for gold)

Particle heat capacity (given for

gold*)

Particle thermal conductivity (gold)

Electron-phonon coupling?*

Electron heat conductivity in gold?”

Electron heat capacity in

gOld 4-6,38,39

UcondE

nee’ 1

Mele 1+ iw/v,

998.2 kg /m?

f(Ty), from TAPWS?5 and SESAME?3¢
f(T,), from TAPWS?3?

101.210° W/m?/K, from optimization

19,300 kg/m3
109.579 + 0.128Twp — 3.41074T2,

524107"T%,  — 39310773,

+

+

1.1710°87%, W/kg/K for Typ<1337 K,

constant above 1337 K

330.6431 — 0.02536626Typ — 3.4 107412, +

5241077T3, —  3.931071°T%,

+

117107375, J/kg/K for Typ<1337 K,

constant above 1337 K
2.510'6 W/m3/K

2000 W /m /K

T, x 70 [J/m?/K?|

In the particle,

the energy deposition is the integral of the electromagnetic rate of work Qgr: Egepnp =

[ [J] QemdVdt. The energy deposited in the plasma is the sum of the energy absorbed
NP



through inverse Brehmsstrahlung )z, and the energy absorbed from photoionization, yield-

ing Edep,pl = f fff(QE‘M —+ A X Sphoto)dth-

water

II Cavitation

The second step of our framework concerns the cavitation onset, that is to say the link
between the 1 - 10 ps energy deposition in the nanostructure-water system and the 100 ps —
100 ns bubble evolution.

In this sub-model, we calculate the energy deposited in the water-nanostructure system,
find the energy that dissipates in the shockwave and is therefore not transferred to the bubble
and determine the thermodynamic variables necessary for the bubble dynamics, namely the
initial bubble radius, wall velocity, bubble density, bubble energy and particle temperature.

In the particle, the energy deposition is simply the integral of the electromagnetic rate
of work Eyepnp = [ [[[ QemdVdt. The energy deposited in the plasma is the sum of
the energy absorbed thj\gugh inverse Brehmsstrahlung gy, and the energy absorbed from

photoionization, yielding Egep = f f f f (Qenm + A x Sphoto)dV dt.

These two energy sources operate%arieaifferent timescales and at different locations around
the particle: conduction heats a layer around the structure while plasma heats up the fluid
in the near-field region, which changes with the wavelength, light polarization or particle
geometry. They are therefore considered separately (Figure S1).

There are two limiting cases: when Ege, np << Egeppi, and when Egep vp >> Egep pi-
A representative modeling lies between these two regimes, symbolized by the arrows in
Figure Sla. This mathematically translates in a weighted average of the thermodynamic and
kinetic properties of the two heated volumes. In the following, we will therefore calculate

these properties in the two limiting cases and then describe how the real case is recovered

from the two limits.
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Figure S1 | Determination of the initial thermodynamic variables. (a) Trajectories
in water phase diagram for various ratios of the energy deposition in the plasma and in the
nanoparticle. Plasma heating translates in an isochoric transition (vertical line), whereas
conduction-only heat transfer is assumed to follow the binodal. (b) Plasma-mediated iso-
choric heating. (c) Conductive heat transfer along the binodal

IT.A  First case: Heating from plasma relaxation (Ey.p, np << Egeppi)

In the first case, an isochoric heating takes place. Water temperature rises extremely fast
(~1-10 ps) and very locally, generating strong stress confinement and large amplitude shock-
waves. The characteristic variable that we consider is a critical volume V, where the tem-
perature is above 0.9 T, (Figure S1b), with T, = 647.096 K the critical temperature of
water. Since the transformation is isochoric, the density p, in that volume is po, and its
mass My = ppVep. Knowing Tp; and p,, we can deduce the pressure p, = f(Ty, pp) from
IAPWS?% and SESAME?® equations of state. From there, Rankine-Hugoniot relations yields
the velocity of the particles in the wake of the shockwave, which is usually associated to the
initial bubble wall velocity 404!,

If py is the shockwave pressure and vgy its velocity, Rankine-Hugoniot equation reads:
Vspr X (10Wsp=cs0)/ez 1) = pl;:%l"" , where ¢4=1484 m/s is the velocity of the sound at

(Poo, Pso) and ¢;=5190 m/s and ¢;=25306 m/s are two empirical constants?0:4L.
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II.B Second case: Heating from conduction at the interface
(Edep,NP >> Edep,pl)

In the second case, a thin shell of water around the particle is heated along the binodal. This
energy transfer being much slower than the energy deposition in the plasma (the electronic
and lattice temperature equilibrate after ~50 ps, the equilibrium with the temperature of the
water is reached after ~500 ps), the initial 3D simulation can only account for the energy
absorption by the particle quasi-free-electrons. We therefore need to calculate separately
the evolution of the electronic, lattice and water temperatures in and around the particle,
respectively. The two former are computed with the very same TTM as in the 3D model
(equations (7,8)). The last equation is written for the entropy of the liquid shell S,, around
the particle. Since the water volume is on the binodal, S,, uniquely defines a temperature
T, as well as a density p,, via the IAPWS equation of state3®. Note that the thickness of the

shell hy as well as the g factor in equations (8,9) are parameters given by the optimization.

Table S3 | Equations for the conductive heat transfer

Temperature of the gold ,
Te CepeTe = _F<Te - TNP) (7>
quasi-free electrons

Tnp | Nanoparticle temperature CNPPNPTNP =I(T, — Tnp + R 9(Tw — Tnp)) (8)
NP
Water entropy, heating ) "
Sw thTwa = _47TR?Vng_(Tw - TNP) (9)
along the binodal Poo

In equation (9), mp, = pooVenp is the mass of heated water in the shell and

4
Vene = ?ﬂ((RNP + hr)® — R%p) is the volume of the heated layer. The equation system in

Table S3 is solved with Matlab’s ode45 solver, with relative and absolute tolerances of 1074,

The initial water and gold temperature are taken as Ty, water initial density is p,. The

11



initial electronic temperature 7, ;,; is computed via / o peCedT. = Egep np. This means
that we assume that the energy deposition is much fast:r than the characteristic interaction
time of the electrons and the lattice.

The 22 ratio in (9) comes from the kinetic theory of gases*?. Tt scales the energy transfer

Poo
with the density and eventually cuts it out nearly completely, a behavior observed for instance

3 or with small angle X-ray scattering®. This last comment naturally

in molecular dynamics*
defines the integration time range: the simulations stops when ¢ = min(7,, 74 f fusion), Where
79 = (pnpCnp)/39RNp and Tuif fusion = PooCuw/kwhi. The former is the characteristic time
of heat transfer between the particle and the surrounding water, the latter is the time it
takes for heat to diffuse on a hp distance.

If T, and Tnp are still different, resolution of equations (7) and (8) is continued until
the equilibrium is reached, assuming no heat transfer with the water. This final particle
temperature serves as an initial condition for the bubble dynamics model.

Knowing the density and the temperature in the water shell, we get the velocity of the
conduction-mediated bubble vyp by going through the very same steps as in the previous

section. The energy transferred to the water can then be recovered by integration of the heat

flux between the particle and the water layer: Enp_water = /—47rR?VPg p—w(Tw — T p)dt.

o0

II.C Third case: Intermediate case (Egepnp =~ Edeppi)

In this case, energy is transferred to water by both the nanoplasma and the nanostruc-
ture. The initial values of the variables for the bubble dynamics are therefore computed as
a weighted average between the plasma and temperature variables from the two previous

sections.

e The total initial volume is simply Vj,; = V.1 + Ve np, the volume above 0.9 T;. plus the
volume of the shell of thickness hy. This gives an initial bubble radius of

3
Rini = (Ryp + Vi)
( NPT )

12



C e . . Mpy. + My
e The initial density is pj; = —=—2-
‘/im'
Mpp UNP =+ PplMplUpi

Pim‘Vz’m‘

e The initial bubble wall velocity is v;,; =

e The initial bubble energy requires one last step: to account for the energy that leaves
in the pressure wave, we use a law that depends on the energy density, q:

1
X =
(9) 1+ exp(41n(3)/Aq log,, %O>

tion process, qo = 2.9510° J/m? is the inflexion point of the curve and Ag = 1.52 is

, where ¢y and Aq are determined in the optimiza-

defined as the logarithmic width (log;, goo —logyo ¢10) the distance between the points
for which X (q19) = 10% and X (goo) = 90%. The resulting curve is shown in Figure 3
of the main text. The functional form of this pressure wave was kept to a really simple
one due to the lack of available datas.

For the plasma heating, ¢, = Egeppi/Ve , and X, = X (gy). Similarly for the conduc-

E w L
tion heating, ¢ = NP> and Xyp as X(gyp). Then the initial

(47/3(Ryp + hr)® — R p)
bubble energy is EB,ini = (1 — Xpl)Edep,pl + (1 — XNP)ENP%u)-

IIT Bubble Dynamics

Once the initial conditions are determined, the bubble dynamics is computed with a system
of coupled ordinary differential equations. The radius of the bubble is calculated using
the Gilmore equation (10). A heat and mass transfer equation is used to calculate the
evolution of the bubble energy, accounting for heat transfer at the bubble-water and NP-
water interfaces (Qinier,@Np—w) and mass transfer at the bubble-water interface (Quqss)
(equation (13)), viscous losses (Quisc), the work of pressure (W) and surface tension (Qiension)
(equation (11)). Two thin layers on each side of the bubble wall are used to model the heat
transfer. The temperature gradient is assumed to be linear in these regions®®, resulting
in a bubble temperature Ts, a temperature at the interface Tyq; (equation (12)) and the

temperature far away from the bubble T,,. Only conductive heat transfer was taken into

13



account at both NP-vapor and vapor-liquid interfaces. Although significant in some cases,

ballistic heat transfer has been shown to be negligible for the bubbles sizes and irradiation

conditions used in this work, and was therefore not considered*.

The contribution of ballistic thermal fluxes becomes significant in two cases:

1)

when the bubble is of about the size of the molecules mean free path, about 80 nm
under standard atmospheric pressure. At these small sizes, the energy is not transferred
through the usual collisions between neighboring molecules, but through collisions at
the bubble wall and the particle interface only. Most of our bubbles are much larger
(0.8 — 1 um), and so Fourier’s law applies. Moreover, for most of the cases presented
in this article, the energy deposition is plasma-mediated and therefore extremely fast
and localized. Water undergoes a (kinetic) spinodal decomposition. The initial water
density is thus very close to the bulk water one, so the initial mean free path is much
shorter than the particle-bubble wall distance and ballistic transfer consequently hardly

applies.

for small bubbles (R < 100 nm) when the bubble rebounds multiple times. When
irradiated by a laser, a hot vapor layer quickly forms around the nanoparticle, heated
by conduction, effectively slowing down the conductive particle-water energy transfer.
The heated vapor layer undergoes a phase change associated to (kinetic) spinodal
decomposition and the following growth is commonly described as adiabatic. The
bubble then grows and collapses, possibly several times, but the subsequent cycles are
not adiabatic anymore and evaporation takes place at the bubble wall. In the case of
plasma-mediated bubbles, the initial bubble is much larger, but the phase change is

still explosive and the following growth is still adiabatic, so the argument still holds.

Heat transfer at the gold-vapor interface is taken into account (equation (14)). Unless

explicitly mentioned otherwise, all the terms regarding the heat and mass transfer at the

interface are taken from the work of Kreider et al. 46,

14



Table S4 | Equations for the bubble dynamics

+ Qmass =0

CH(lO)

(12)

R, _ . R . R
R Radi f the bubbl 1- )RR+ (1—- —=)R’=(1+=)H+ (1 - =
adius of the bubble ( C’) + ( 30) (—1—C) + (
Ep Bubble energy EB = Wp + Qinter + Qmass + Qvisc + Qtension + QNP—w (11)
Liquid water tempera- Toati — T, T — Tia
it Am R? k'B”—(;B — kwazz—éll
ture at the bubble wall i X O Qe X Oe
Number  of  water
n n= ¢flu:c
molecules in the bubble
: N 39pB
Tnp | Particle temperature CnppnpTnp = EIO—(TB —Tnp)
0

Table S5 | Parameters for the bubble dynamics simulation

H Enthalpy of liquid water
C Speed of sound at the bubble wall
Pwall Water density at the bubble wall
Pressure of liquid water at the bub-
froet ble wall
PB Density of water inside the bubble
Ryp Radius of the nanoparticle
Water density far away from the
N bubble
Poo Pressure far away from the bubble
- Temperature far away from the bub-
h ble
Qyise
Oltension

15

f(pwall; Twall); from IAPWS35
J (Pwats Twan), from IAPWS??

f(pwalla Twall); from IAPWS35

Q
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R R

nM
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defined by user
998.2 kg/m?
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300 K

3.94, from optimization

1.96, from optimization



Qg
Qe

amass

A];ILat

Cp

C1waLll

Psat
Wy
Qinter
Qmass
Quise

Qtension

Surface tension
Viscosity at the bubble wall

Flux of vapor inside the bubble

Temperature inside the bubble
Water conductivity in the bubble
Liquid water conductivity at the
bubble wall

Thickness of the inner heat transfer
layer

Thickness of the outer heat transfer
layer

Latent heat of vaporization at the
bubble wall

Heat capacity at constant pressure
inside the bubble

Heat capacity at constant pressure
at the bubble wall

Saturation pressure at Ty

Work of pressure

Heat flux at the bubble wall

Energy flux caused by mass transfer
Viscous losses

Work of surface tension
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5.61, from optimization
0.543, from optimization
1.05, from optimization
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Heat transfer at the particle inter- , DB
QONP-w Ar Ry pg—(Tnp — To)
face248 Poo

Heat transfer coefficient at the gold-
9 101.210° W/K/m?, from the optimization
water interface

PNP Particle density (given for gold) 19,300 kg/m?
100.579 + 0.128Tnp — 3.4107%T%, -+

o Particle heat capacity (given for | 524107 T8,  —  3.93107'°T7%, +
gold*) 11710~ B3T3, W/kg/K for Typ<1337 K,
constant above 1337 K
M Molar mass of water 18g/mol
Mmolec | Mass of one water molecule 2.99107% kg
R Gas constant 8.3145 J/mol/K

The equation system of Table S4 is solved with an implicit Backward Differentiation
Formula solver with 10~ relative and absolute tolerances. The initial conditions were deter-
mined in the previous section. The various coefficients involved in the equations are defined
in Table S5.

As mentioned in main text, we do not use the enthalpy derived from the Tait equation of
state?”, which assumes that the pressure is a function of the density only and independent
of temperature. Since these thermal effects are important in our case, we used the enthalpy
expression given by the IAPWS?® equation of state. In consequence, instead of deriving the
enthalpy like it is usually done in the context of the Gilmore equation,

(H = /—V%dr :/_po, with p(p) given by the Tait equation of state), we consider
the IAPWS functional form for the density in function of the pressure and temperature:
p = f(p,T), and a pressure and temperature profile close to the bubble wall. The integration

is then conducted numerically. The choice of the profile is not obvious, since little is known
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Figure S2 | Influence of the shape of the temperature profile chosen to calculate
the enthalpy. Linear, exponential and quadratic profiles were tested and compared with
the classical enthalpy given by Tait equation of state.

of the actual thermodynamic pathways followed by liquid water close to the wall. Here,
we used a linear transition, similar to what was done in the bubble dynamics Sub-Model 6
T(R(t) + 1) = Twan + @r. We chose § = 10 nm, in agreement with the values of d,
given by our optimization. The sensitivity of the enthalpy to ¢ is in addition very weak, and
this parameter is therefore not critical.

To investigate the sensitivity of the final bubble diameter on the temperature profile,
we tested a quadratic (T(R + 1) = To + (Twan — To)(1 — 7/5)?) profile instead of a linear
profile and observed how the diameter and dynamics of the bubble were impacted by this
modification?"%°, This did not significantly change final bubble diameter (Figure $2). Using
an exponential profile (replacing the (1 — r/§)? by exp(—r/d)) did not significantly impact
the final result either. Using a linear profile seems thus reasonable. However, using the
[APWS equation of state instead of Tait’s significantly modifies the bubble diameter, which

demonstrates the importance of thermal effects on the bubble dynamics in our case.
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IV  Global optimization procedure
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Figure S3 | Fitness of the top 100 solutions for successive optimization steps.

We used the NLopt implementation®! of the COBYLA gradient-free optimizer®? to opti-
mize our 9 parameters, based on the minimization of the sum of squared residual relative to
the experimental data. This procedure is performed in parallel from 40 randomly selected
distinct starting points in the search space. Every 50,000 iterations, the search-space is re-
duced, based on the optimal parameters of the top 100 solution. For each step of 50,000
iterations, the top 100 solutions fitnesses are displayed on Figure S3. The best solution is
around (0.4 times the experimental standard deviation and is shown in Figure 3a of the main
text.

The resulting optimized values shown in Figure 2b,c of the article are very close to those
found in the literature. For instance, the surface tension ayensiono/R and the linear viscous
term amcuR/R are within 5% of the value commonly reported in the literature (2 and 4
respectively®). The optimal value for the layer heated by conduction Az (0.72 nm) is also in
very good agreement with previously reported results of 0.5 — 2 nm, obtained from molecular

13,54 Similarly, the coefficient of heat transfer at the

dynamics and hydrodynamic simulations
gold-water interface, mass transfer at the bubble wall, g and «;,,ss, all lie relatively close to
their reported values. In addition, the energy predicted to be transported in the shockwave

agrees relatively well with experimental values acquired in slightly different conditions?.
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V Experimental fluence thresholds for cavitation

Experimental data presented in Figure 3c are given in Table S6.

Table S6 | Experimental fluences (with corresponding errorbars, in mJ/cm?) for the cavi-
tation threshold

NP diameters (nm)
Pulse widths 81 109 123 151 175 195 213
70 fs 191 (13) 137 (5) 119(10) 77(7) 79 (8) 80 (11) 107 (27)
500 fs 204 (15) 157 (11) 165 (12) 103 (13) 126 (10) 113 (19) 120 (29)
1 ps 342 (15) 174 (12) 182 (12) 126 (10) 141 (11) 134 (21) 142 (21)
2 ps 368 (18) 225 (21) 217 (37) 123 (15) 126 (10) 161 (17) 174 (24)
5 ps 204 (15) 256 (23) 241 (44) 182 (12) 157 (11) 282 (12) 210 (27)

VI Surface effects: behavior of small particles
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Figure S4 | Point cloud envelope and best fit for small bubbles for the normal
model and for the model with viscosity and surface tension artificially reduced
to a hundredth of their value.

As mentioned in the main text, we find a da E'/3 dependency for bubbles bigger than

2 um and a da E'/? one for smaller ones. In order to prove that the 1/2 coefficient is due
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to surface effects, we chose to artificially reduce the surface terms for surface tension and
viscosity (Figure S4), by an arbitrary factor of 100. The E'/3 dependency can be recovered
when reducing the viscosity and the surface tension, which demonstrates that surface effects

are at the origin of the d aw E'/? relation for smaller bubbles.

VII Scattering imaging technique, numerical simulation
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Figure S5 | Numerical reconstruction of the experimental probe scattering signal.
(a) The Gaussian beam of the probe laser illuminates the solution. (b) The fluence of the
pump laser is calculated at every point, leading to the calculation of the bubble dynamics and
time-dependent extinction cross-section of the bubbles. Final integration yields the transient
transmission signal, shown in (c).

We simulated the experimental probe scattering signal using a parabolic beam propaga-

tion approximation and the experimental waist (wy = 6.5 um). Using a measured Rayleigh

length of zz = 162 pm, and the expression for the Gaussian beam profile w(z) = wo4 /1 + (1)2,
%R
2 2

2
o )2 exp(—@ ), where Fj is the average flu-

w(z)

ence. This zg corresponds to the measured Rayleigh length of both pump and probe lasers.

the fluence can be deduced: F(r,z) = 2Fy(

Given the particles geometry (78 nm SiO, core diameter — 28 nm Au shell) and the fluence,
our multiscale framework calculates the bubble dynamics for every incident fluence. Assum-
ing that the bubble is a spherical shell of refractive index 1 around the NP, we compute the ex-
tinction cross-section via Mie theory at each point (r, z) as a function of time (¢). We assume
that the probe laser intensity in water (I) follows a Beer-Lambert law, with a resulting trans-

mission [(t) = Iy exp(—A(t)), where A accounts for the particle concentration and the time
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1 L (R
and space dependent extinction cross-section: A(t) = / / Co Oept (1,2, 1) 270 dr dz.
-rJo

47 R?
L and R are taken large enough so that a small variation does not affect the result (we used

300 pm and 1.5 X wp). This methodology is summed up in Figure S5b and results in a
curve like the one presented in Figure Sbc. Note that the experimental asymmetry in the
growth /collapse durations is recovered here. This asymmetry is due to the early participa-
tion and disappearance of the smaller, short-lived bubbles following the laser irradiation. A

concentration of 2.710° NS/mL is taken, equal to the concentration used in experiments.

VIII Plasma temperature and density near the cavita-

tion threshold

a Plasma temperature b Maximal electronic density (1/cm?) ¢ Number of excited electrons
(x10°K) (eV) x10%' x10°
5 ps 9 116 25 7
2 ps
£
2 1ps
s 1P 6 78 12
8
>
& 500fs
70 fs 3 39 2 0.5
80 150 210 80 150 210 80 150 210
Diameter (nm) Diameter (nm) Diameter (nm)

Figure S6 | Plasma composition for 1.04 pum bubbles. (a) Maximal plasma temper-
ature. (b) Maximal electronic density. (c) Total number of excited electrons during the
irradiation.

As illustrated in Figure S6a, the maximal temperature reached in the plasma at the
cavitation threshold is nearly almost constant independent with of the pulse width, despite
the large gap between energy deposition in the plasma for smaller and bigger particles. In
particular, the value for fs pulses lies quite near the 5/4 times the gap value hypothesized
derived by !?. Furthermore, the commonly used cavitation criterion that identifies the cavi-

3

tation onset with a plasma density of 10*! cm ™3 seems inappropriate for cavitation around

nanoparticles!’. Indeed, Figure S6b shows that the maximal density can reach up to more
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than one order of magnitude above 10?! ¢m™3

, and that this density is not constant at all
for all pulse widths and particle diameters. Figure S6¢ further examplifies the role of the
plasma for smaller particles, with more than ten times more electrons excited for particles

below 100 nm compared with particles above 150 nm.
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