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Coulomb explosion of pure ion nanoplasmas is an importasilpm in the field of ultra
intense laser-cluster interaction with relevance for plagphysics, fusion research [1, 2] and
imaging by "diffraction before destruction” [3]. In the gent paper, a study of Coulomb ex-
plosion in composite clusters consisting of two atomic sggets presented. The work focuses
on heavy-light systems made of hydride molecules compogezhtibon and hydrogen, in or-
der to collect valuable information for coherent diffraetimaging [4]. Numerical simulations
have been performed by using the shell method [5] that, teespits simplicity, allows one to
capture all the relevant physics involved with a reduced mpatational time. Moreover, a the-
oretical model, which is useful for a deep comprehensiomefexplosion dynamics, has been
developed; results have been compared with numerical atroak showing perfect agreement.
Numerical results

The explosion of a a pure ion sphere of initial radRgs= 20nm composed by ~ 4.5- 10°
ions for an initial density ofy = 1072cm~3 has been modeled. The cluster is constituted by a
mix of 30% carbon ions ionized once and 70% hydrogen iond&or; /my = 12,0c/qn =1
andNy /Nog = 0.7. At the initial time, ions are at rest and uniformly distried in the sphere.
The evolution of the electric field and the hydrogen densigysihown in Fig. 1. At the initial
time, hydrogen and carbon ions contribute to create a mommitacreasing electric field, which
accelerates the Hions more with respect to Cions, because of their smaller mass to charge
ratio. Consequently, the lighter particles can overtakehdavier ones and propagate ahead of
them. The radial electric field, which has a linear behaviside the bulk sphere of the'Gons,
decreases approximately ag3 outside. Therefore, faster light ions coming from the balka
to reach the ones initially on the periphery of the clustdmcl are slower due to the decaying
field, forming a thin hydrogen shell.

Analytical model

The species with a largey/m moves faster with respect to the other, creating two comicent
spherical regions$; and S, with radiusRy(t) and Rx(t) < Ry(t). The spheres, contains a
mixture of light and heavy particleR; representing the frontline of the heavy ions. Instead, the
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Figure 1:Coulomb explosion of a pureH- C* (70-30%) cluster withRy = 20nm andhy = 10°?cm3:
electric field (a), hydrogen density (b) at= 0 (black), 24 (red), 48 (blue), 96 (green) wherdy =
\/Me/€ng. The orange circles in (a) indicate the carbon ion front.

spherical shell outsid&, contains only light particles and therefdre is the frontline of the

light ions. Simulations also indicate that the electricdfiel linear insides; (Fig. 1a):
E(r,t) =A()r. (1)

Using this assumption, the equation of motion for the ligid ¢he heavy ions insid&, can be
written in a simple way. Starting with the light ions, untiey do not cross the frontline of the

heavy ions (i.e., when they are still §), their motion is governed by the equation:

9%r
My~ = QAN L, @

wherer(t,rp) is the radial position at time of a light ion with initial positionrg and initial
zero velocity. Introducing the dimensionless quanfity) = r1(t,ro)/ro, the dependency on

drops and Eg. (2) becomes

*¢ o _ dé

(0)=0. 3)
Similarly, the radial positionfa(t,ro) of heavy ions (with initial positiorrg and initial zero
velocity) can be written a(t,rg) = ron(t), wheren (t) satisfies the equation:
n_ @ dn
iz = m AU, n0)=1 50 @)
The termA(t) is computed considering that the electric field atR,, according to the Gauss
law, is given by
E(Ra(t),t) =

(5)
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whereQ(t) = Q2 + Q1(t) is the total charge i at timet, beingQ; the charge of the heavy
ions that at = 0 were contained in the sphere of radRgsandQ (t) the charge due to the light
ions that at time are inS,

Q = QZ%TRgnz(O% (6)
Qut) = o rolt)*m(0), )

with ro(t) defined aso(t) = Ron(t)/&(t), which ensures; (t,rp) = Rx(t). Making use of Egs.
(1,5-7),A(t) can be written as

A (oung(0) | g2n2(0)
wo=73 (% + e )

Thus, the trajectories of the light and heavy ions insgdeare determined by solving the

(8)

following system of equations

(¢ _ Ama Q1n1(0)+Q2n2(0) £
d-tZ 3 my E3 r’3

(9)

#n _ 4nq (qml(o) n Qan(O)) n
([ dt2 3m\ &3 n3 '

The system (9) describes the trajectory of a light ion uhgltimetc(rp), at which it reaches
the front line of the heavy ions, i.e4(ro,tc) = Re(tc). Thereforet. can be calculated by solving

the equation:

nte) _ro

= —. 10
o) R (19
The electric field for = r; > R, can be computed a/r? where the quantit® depends

only onrg and is given by

4
Qlro) = 5 (G22(0)R3+3ny(0)r3) . )
The equation of motion for a light ion outsi& (i.e., fort > t¢) is
2
0 =B )~ iRy ite) = roS(te). (12

ot2 my r2’ ot dt

Figure 2a shows the evolution of the frontline of the heawy laght ions for the same cluster
considered in Fig. 1. Theoretical results have been cordpaith the ones obtained with the
shell code, showing perfect agreement.

Equation (12) can be rewritten as

%r 9 (qQ(ro)
Ms =5 < ) , (13)
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Figure 2:Frontline of the light (red dashed line) and heavy ions (gré&shed line) versus time (a) and
asymptotic energy spectrum (b) for the same cluster of Fighgoretical results have been compared

with numerical ones (solid black line and solid blue line).

and then integrated respectttto compute the asymptotic kinetic energy ) of the light ions

2
£0o = %ml {%(tc)} + qer(Dt(cr)o)' (14)

Figure 2b shows the asymptotic energy spectrum obtainddBut (14). Numerical results are
also reported for comparison.

Conclusions

The Coulomb explosion of a sphere composed by two ion spéesseen studied with

both a numerical and an analytical approach. The expansinandics shows peculiar differ-
ences with respect to the case of a homo-nuclear cluster @sedpby one ion species only.
In particular, the non-monotonic electric field, in prinieipcould accelerate the light ions in a
guasi-monoenergetic way. Preliminary result, if confirlbgduture investigations, would rep-
resent a novelty, in contrast with the well known properté€oulomb explosion of clusters

composed by a single ion species, where the energy specmnmmah wider.
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