Stability Analysis of Unsteady Ablation Fronts

The classical Rayleigh-Taylor instability! occurs when aheavy
fluid is accelerated by a lighter fluid. In inertial-confinement
fusion (ICF) the heavy fluid is the compressed ablated target
material that is accelerated by the low-density ablated plasma.
The classical treatment of the incompressible Rayleigh-Taylor
instability leads to a linear growth rate given by y = \/@ ,
where k is the instability wave number, g is the acceleration,
and A is the Atwood number A=(p,—p;)/(pr+p/). (o
and py, represent the light- and heavy-fluid densities, respec-
tively.) For typical (ICF) parameters, a classical Rayleigh-
Taylor instability would produce an unacceptably large
amount of distortion in the unablated target, resulting in a
degraded capsule performance with respect to the final core
conditions. Thus, itis important to study the possible means for
suppression of the ablation surface instability in ICF. It has
been recently shown that the ablation process leads to convec-
tion of the perturbation away from the interface between the
two fluids.?-3 Since the instability is localized at the interface,
the ablative convection stabilizes short-wavelength modes.
The typical growth rate of the ablative Rayleigh-Taylor insta-
bility can be written in the following approximate form:3

Y=+ |kg|A - ,B|kva

where V, is the ablation velocity and f is a numerical factor

(B=3-4).

, ()

In this article we show that a properly selected modulation
of the laser intensity can significantly reduce the unstable
spectrum and the maximum growth rate. To treat the analytic
linear stability of unsteady ablation fronts, we consider a
simplified sharp boundary model consisting of a heavy fluid,
with density p, adjacent to a lighter fluid (p;), in the force
field g(¢)=g()e, in a direction opposite to the density
gradient [g(r) < 0 and e, is the unit vector in the direction of
the density gradient] and with an arbitrary time dependence.
The heavy fluid is moving downward with velocity
Uj, = -V,e,. and the lighter fluid is ejected with velocity U;.
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The equilibrium velocities U(t) and U, (¢) are both dependent
on the ablation ratio per unit surface m(r) that is treated as
an arbitrary function of time. The equilibrium can be readily
derived from conservation of mass and momentum. We con-
sider a class of equilibria with nonuniformities localized at the
interface between the two fluids. Continuity of the mass flow
and the pressure balance across the interface lead to the
following conditions:

pU(t) = ppUp(1) )

B~ B = pUL(1) = pUR(1) (3)

where P, and P, represent the pressure of the heavy and light
fluid, respectively, at the interface. Notice that U; and U, are
negative in the chosen frame of reference. We assume that the
discontinuities in the equilibrium quantities can be removed
by including the physics of the ablation process.

The linear stability problem can be greatly simplified by an
appropriate choice of the linearized equation of state. It is
widely known that the most Rayleigh-Taylor unstable pertur-
bations are incompressible. Furthermore, ablative stabiliza-
tion is a convective process and is, therefore, independent of
the equation of state. It follows that the essential physics of the
instability can be captured by a simple incompressible flow
model. The stability analysis proceeds in a standard manner.
All perturbed quantities are written as Oy = Q( y,¢) exp(ikx),
and the system of equations describing the linear evolution of
the perturbation assumes the following form:

(9,+U;0,)p;=0.

. 8 + U 8 7. o= 'kv .
pJ( i J )’)v./x ! p/ (4)
Pi( 9+ U9, )5)5+ B;0U; ==0,b; + psg

lkvjx + 8yvjy = 0,
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where the subscript j denotes the heavy fluid region (j = h) and
the light fluid region (j = /) and J, = d/dy, d, = d/J¢. The
two regions are separated by an interface (the ablation front)
that moves with the heavy fluid. In order to match the solutions
in the two regions, an equation describing the evolution of
the interface is needed. Such an equation can be easily derived
by a comparison with a nonablative equilibrium (U}, = 0). In
that case the interface [ y=1n(t) exp(ikx)] moves with the
heavy fluid, and the rate of distortion (8,f7) is equal to the
normal component of the velocity, d,7= @,(y = 0,7) . In the
ablative case, the heavy fluid is moving toward the ablation
front with velocity Uy, = —V,. A Lagrangian surface, coming
from y = +eo, would become distorted as it approaches the
interface where the instability is localized (Fig. 57.1). As
for static equilibria, the rate of distortion & ) of that surface is
still equal to the normal component of the velocity:

dé
752 'Uhy. (53.)

However, since the surface is moving, the time derivative has
to be convective (d, =d,+ Uh8y) . From Eq. (5a) the distor-
tion of a Lagrangian surface can be written in the following
integral form:

(1) = Jiwﬁhy[yo(t'),t']dt'. (5b)
where

yo(t') = J g Uy(t")dt" + constant

is the unperturbed trajectory of a Lagrangian surface. In the
absence of smoothing effects, the ablation front coincides with
that Lagrangian surface whose equilibrium orbit overlaps the
ablation front (y=0) attime ¢ = ¢. The unperturbed trajectory
of such a surface is given by

vo(?)= [ up(r)ar”,

and the equation for the evolution of the ablation front (ﬁ) can
be written in the following differential form:

—c0

—~ ~ 85 I ’
9,71 =Dy [0,1] - Uh(t)J[ Ehy—[yo(t'),t lar. 5o

TC3354

Figure 57.1
Deformation of a Lagrangian surface approaching the ablation front.

Once 17 is known, a set of jump conditions relating the
values of the physical quantities in the two regions can be
derived by writing the time derivative of any perturbed
quantity at the ablation front as 9,0 = —(Qn-Q)omn8(y)
and integrating the incompressibility and conservation equa-
tions across the thin ablative layer. A short calculation yields

By = By
(Pn - Pz)(afﬁ— f’hy)— Uppp+Uipp =0

Ope = Ty + KN Uy, = Up) = 0 @
P — i+ PrUi — PIUT + & pr— 1)1 = 0.

The firstof Egs. (6) follows directly from the incompressibility
condition V - v = 0. Abetter representation of the perturbation
at the interface can be obtained by using an equation of state
and calculating the jump in the energy.? This approach would
greatly complicate the calculation. However, as shown in
Appendix A, when the flow is subsonic

2 72
[Uh~Ul << Ph/Ph’Pz/Pl],

the flow of internal energy across the interface has to be
conserved and the incompressible result is recovered.
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The nextstep is to solve Egs. (4) in the two regions and then
apply the jump conditions and the boundary conditions at
y ==eo. Since the heavy and light fluids extend to infinity and
the instability is localized at the interface, the perturbation
must vanish at y = Feo.

The solution of the linearized equation in the heavy-fluid
region (h) is greatly simplified by the following transforma-
tion: y, = y— j(;Uh(t’)dt’ . A straightforward calculation
leads to the following form of the perturbed variables in
region A

5hy = (t)exp (—kyh) +a (.Vh)

~ i d 7~Jhy
Upy =7
k  dy,
.. (7)
Pn= Ph(yh)
o= 2n L0
KR ady,

where i1, (1), [)h(yh), and a y;,) are arbitrary functions of
t and yy, and k is chosen to be positive (k> 0). In order
to satisfy the boundary conditions, @ and p,, must vanish at
yp—eo. Since lim,_,., y;, = oo, it follows that @ and pj, as-
ymptotically vanish in time. In our asymptotic stability
analysis, we neglect all the quantities that do not grow in
time. Thus, we set a=0 and pj = 0. Furthermore, because
of the incompressibility condition and negative flow velocity,
P, =0 at all times.

We apply the same procedure to the light-fluid region (/)
and define the new coordinates y; = y— J(;Ul(t')dt’. The
solution of the linearized equations in region / can be written
in the following form:

By, = iy(t) exp(ky; )+ b( y;) + (v ) £(1)

5 —i. (97}[),
Ix X &YI (8)
pr=pi(»)
2...
p=-2 7 O
k2 ordy;

where b(y;) and p,(y;) are free functions of y; that vanish
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at y; > —co, and #/(t) is an arbitrary function of . The
functions 5()’1) and f(t) satisfy the following differential
equations:

dy} o)
af _
dr (1),
where
G(1) = (t)—% (10)

The next step is to recognize that, using Eqs. (7) in Eq. (5¢),
the interface equation can be rewritten in the following
form: (9, — kU, )i = Dpy(y=0,1).

After substituting Eqgs. (7) and (8) into the jump conditions
[Egs. (6)] and using the differential form of the interface

equation, the following ordinary differential equation for 7(1)
is derived:

(9, —kuy)G (0, — kU, )(9, — kU, )T
+ A[kU\(9, - kU, ) + kg]ﬁ}

~ AK*U, =0, (11)
where

A=(pr—p)/(Pu+p1)

is the Atwood number. For ICF applications, the appropriate
ordering

Uyp/U =p;/pp ~(1—A)<<l and g>3dU,/or.

To lowest order in 1-A, the last term in Eq. (11) can be
neglected, yielding

{(9, = kU (3, = kUy) + ALKUY(9, - kU, )+ kg }i = 0. (12)
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Equation (12) can be further simplified by using the Ansatz
~ 3 t ’ ’
n(t):é(t)expl:EkJOUh(t )dt] (13)

and by neglecting other terms of order {1— A) <<1. After
some straightforward manipulations, we obtain

2
d—§+k|:Ag—l%—%kVaz:|§=O, (14)

where g and V, are functions of time with V, the ablation
velocity. Observe that, for steady equilibrium configurations,
Egs. (13) and (14) yield the normal mode solution for
7 ~ exp(y1), with y satisfying the dispersion relation

1 3
Y= \[(|kg|A)+Zk2V3 - SVl (15)

It is easy to recognize that the contribution of the second
term under the square root is relevant only at very small
wavelengths, where the mode is already strongly stabilized by
convection [the last term in Eq. (15)]. Neglecting such a term
in Eqgs. (14) and (15) would cause only a small shift of the
cutoff wave number [Akc/kc = 1/9], which is consistent
with the order of magnitude of the previous approximations.
After neglecting such a term, Eq. (15) reproduces the numeri-
cally derived growth rate of Ref. 3 with § = 1.5. Equa-
tions (13) and (14), which are valid for arbitrary unsteady
configurations, can now be applied to the particular equilib-
rium obtained by temporally modulating the laser intensity.
Consider a planar target of thickness d and density pgirradiated
by a uniform laser beam. The periodically modulated laser
intensity [I(t) = Io(1+ Asinwgr),A < 1] induces an oscillat-
ing ablation pressure P,(r)= R (1 +A,sin a)Ot) and ablation
velocity V,(1)=V,o(1+A,sinwg) with A,=A and
A, = A.For simplicity, we assume that the ablation pressure
and the ablation velocity are directly proportional to the laser
intensity, and the ablation process develops on a very slow
time scale compared to an oscillation period and the sound
transit time through the target [V, << ¢y,c is the sound speed].
Although the scaling v, ~ /7 ~ [1+Asin(a)01)]l/2 is more
appropriate than a simple linear dependence, the numerical
simulations show that the ablation velocity is almost insensi-
tive to the oscillations in the laser intensity (A,<<1) and

V,=V,o. Iy and Py are two slowly varying functions of time
[Va/d<(VIo)(dlp/dt) = (1/Ry )(dRy /dt)< <@g ~ c,/d].

A simple estimate of the acceleration of the ablation front
can be derived by solving the one-dimensional compressible
fluid equations of Ref. 6 for a target accelerated by the
ablation pressure. As shown in Appendix B, the time-
dependent acceleration can be written in the following form:

dCZa - L"l{ coth{i(d— ..Va)} Sp’—(s)} (16)

s PoCs

(1) =-

o

where L~1 denotes the inverse Laplace transform, s is the
Laplace variable, and p,(s) is the Laplace transform of the
ablation pressure. The quantity y, = J (t) V(7 )dr is the posi-
tion of the ablation front in the Lagrangian frame of the moving
target. In deriving Eq. (16), the slow ablation time scale
(~al/Va) has been treated as an independent variable. A
simple expression for g(t) can be derived in the asymptotic
limit (d/V,) >t >>(d/c,). yielding

g(t) =—go[ 1+ asinwyt+ e coswyt] . (17)

where gq = By/pod, . o= A,(wod, [cs ) cot( wpd, /). and
e=V,,A,00/80. dy=d—Y¥,. A more accurate estimate
of g(t) (and of the parameters g, ¢, and €} can be obtained
by using a one-dimensional code. Later in this article we will
use the one-dimensional hydrodynamic code LILAC? to
derive gq, ¢, and €. However, Eq. (17) gives some physical
insight into the relevant quantities that affect the oscillation
amplitude in the target acceleration. In particular, large oscil-
lations can be achieved for values of the modulation period
shorter than the sound transit time through the target
[Ty = 2m/wy < d/cy | . Before proceeding further, it is impor-
tant to define the range of validity of the stability model for
the prescribed equilibrium. The oscillations in the ablation
pressure propagate inside the target at the sound speed. Thus,
the equilibrium parameters can be considered as uniform over
a distance Ay< ¢,7;. The stability analysis, carried out for a
uniform semi-infinite medium, can be applied to perturbations
with sufficiently short wavelength kAy > 1. It follows that a
necessary condition for the validity of the stability model is
ke Ty >>1. For such wavelengths, Eq. (17) can be used in
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Eq. (14) to derive the function &(r). Thus, Eq. (14) can be
written in the following form:

2
dTé—ycz[1+qsin(a)0t+<p)]§:O, (18)

where 7. =/ AIkgol is the classical growth rate,

g= Ja?+ 962/4 ,

and

¢=tan"'(3¢/20).

Notice that Eq. (18} is a Mathieu equation, whose solution
has the form &(t) = o(r)exp(ur), with o(t) being periodic
with period ax). Using Eq. (13), the growth rate of the instabil-
ity can be easily derived:

~kf—- jTov ¢)dt +p, (19)

where § = 1.5 for the simplified stability model. However,
when Eq. (19) is compared to the Takabe formula, we let
B=5 T = 3_ 4 In order to find U, one needs to numerically
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Figure 57.2 a -

Plot of the instability drive term u versus the mode wave number &
for modulated (g # 0) and unmodulated (g = 0) laser intensity, assuming
d =20 pm, go =5 x 1015 cm/s2, the Atwood number A = 1, (V) =7 X
104 cm/s, To= 0.3 ns, and ¢ = 0.
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solve Eq. (18) for one period of oscillation. Figure 57.2 shows
the parameter y, plotted versus the wave number k, for the
following equilibrium parameters: d = 20 um. gg = 5 x 1013
em/s?, A =1,(V,) =7 x 10* cr/s, ¢, = 100 cm/s, Ty = 0.3 x
1095, ¢ =0, and ¢=0, 2.5, and 3.5. The validity of the
stability model requires A = 27/k << 20 um. For any value
of g and ay, it is possible to jdentify intervals of the k axis,
where Re[u] = 0. We denote such intervals as dynamically
stabilized (DS) regions, and we emphasize the importance of
ablative convection [see Eq. (19)] at shorter wavelengths.
According to Egs. (1) and (19), the short-wavelength modes
are stabilized by convection, and the cutoff wave number is
k.= gA/ [32VA2 . It follows that an efficient dynamic stabili-
zation can be achieved by choosing values of ¢ and @y, that
cause the first DS region to be located inside the interval
0< k< k..InFig. 57.3, the growthrates derived from Eq. (19)
for ¢ = 0, 2.5, and 3.5 and 8 = 3.5 (as given by Takabe
et al.®) are shown. Observe that as g increases, a better
stabilization is induced at longer wavelengths, but shorter
wavelengths can be destabilized (g = 3.5). This short-wave-
length instability is driven by the oscillations in the acceler-
ation, with the perturbation having the characteristic structure
of an oscillatory mode with an exponentially increasing ampli-
tude. For convenience, we denote these short-wavelength
modes as “parametric instabilities.”

Furthermore, when the mode wavelength is smaller than the
density gradient scale length

5 T T T T T T
: J
—_ 3 7
b 2 E
1 ]
O | —|
10 12 14
P1170 k (um-l)
Figure 57.3

Plot of the instability growth rate versus the mode wave number & for
modulated (g # 0) and unmodulated (g = 0) laser intensity, assuming the
same equilibrium parameters as in Fig. 57.1.
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-1
[5 =|(1/p)dp/dy| J

the sharp boundary model is not valid and Eq. (19) cannot
be used.

The results of the analytic theory have been compared with
two-dimensional simulations obtained using the code
ORCHID.® We have considered an 18-um CH planar target
irradiated by a uniform laser beam of wavelength 1.06 um.
The laser intensity is modulated in time with a period of 0.3 ns.
The modulation amplitude is 100%, and the flat-top average
intensity is 50 TW/cm?. For an accurate comparison with the
analytic stability theory, we derive the equilibrium parameters
g (V,). and ¢ from the one-dimensional code LILAC.?
The result is g=4.5-10"cm/s?, (Va>: 7-10%cm/s,
0=15t02 um, ¢ = 0, and g = 3.5 to 5.5. In the two-
dimensional simulation, an initial single-wavelength pertur-
bation evolves for 3 ns. Because of the short modulation
period, the simulation shows no significant change in the foil
isentrope with respect to the unmodulated case. Figure 57.4
shows a comparison between the linear growth rate derived
from the simulation with the one given by Eq. (19). Three
regions of the k-axis can be identified: (1) The long-wave-
length region with k& < 0.2 um™!, where the growth rate is
virtually insensitive to the modulation of the laser intensity and
very close to the classical value. (2) The intermediate wave-
length region with 0.2 < k < 1. For these values of the wave
number, the dynamic stabilization is particularly effective.
Observe that for A=2x/k=7um the mode is com-
pletely stabilized. (3) The short-wavelength region is defined
as having a wave number & > 1. In this region £§ > 1 and the
effect of finite density-gradient scale length cannot be ne-
glected. Notice that the simulation shows the presence of an
unstable mode with wavelength A = 5 um. Using Eq. (19)
beyond its limit of validity (k8 < 1) and dividing y> by
(1+ 0k8) with @ < 1, we would predict the existence of
parametric instabilities at shorter wavelengths (Fig. 57.4).
However, the structure of the perturbation observed in the
numerical simulation does not clearly show the characteristics
of a parametric instability. Furthermore, the cutoff wave
number observed in the numerical simulation (with or without
laser-intensity modulation) is much shorter than the one pre-
dicted by Eqgs. (1) and (19). The stability of very-
short-wavelength perturbations needs further investigation to
determine an accurate value of the cutoff wave number.

The dynamic stabilization of the Rayleigh-Taylor instabil-
ity in ICF targets was first observed in numerical simulations
by J. Boris.? In this article we have shown the derivation of
the linear stability theory for unsteady ablation fronts and the
conditions forthe dynamic stabilization of the ablative Rayleigh-
Taylor instability. The growth rate of the instability has been
calculated for a sinusoidal modulation of the laser intensity. It
is shown that an appropriate modulation frequency and ampli-
tude can stabilize a large portion of the unstable spectrum and
significantly reduce the maximum growth rate.

50
4.5
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35

>0
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Growth rate (ns—!)

0.0 0.5 1.0 1.5 2.0 25
Wavenumber (um—!)

Figure 57.4

Comparison of the growth rate obtained from numerical simulations (with
modulation A and without modulation O) and the modified Eq. (19). Here,
d=18 um, go=4.5x 1015 cm/s2, (V) =7 x 104 cm/s, Tp=0.3 ns, ¢ =0,
A=1,8=3,66=1.5x10"5cm, g=>5.5 (dotted), f=4, 85=0.3 x 10~5 cm,
g=4.5 (dashed). The solid line represents the Takabe formula, and the shaded
area represents the region with k8 =< 1.
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APPENDIX A: CONDITIONS FOR
INCOMPRESSIBLE FLOW

A better model for the Rayleigh-Taylor instability can be
obtained by replacing the incompressibility condition with an
adiabatic equation of state. In the heavy- and light-fluid re-
gions, where the velocity and density equilibrium profiles are
uniform, the linearized adiabatic equation of state can be
written as

dPJ 5

(8,+Uj(9),)ﬁj»+z7j},—é;— + gPjv-f;j =0, (Al

where P; represents the equilibrium pressure in the region j.
Ordering 9, ~ kg ~ kU, and using the momentum conserva-
tion equation, one finds that p; ~ p;U;0;, dyp; ~kp;, and
(dPJ /dy) ~ pg. A simple comparison between the two
terms in Eq. (A.1) yields

~ ~ T (A2)
(9:+ U0y )by + vy dPyjdy)  M;

where Mf = 3ijJ2/5Pj is the Mach number in region j.
For subsonic flows (M; << 1), Eq. (A.1) leads to the incom-
pressibility condition V-0;=0. Although the flow in the
two regions is clearly incompressible, at the interface between
the fluids, where the equilibrium velocity and density have
very sharp gradients, the conclusions derived above do not
immediately apply.

A jump condition relating the energies in the two regions
can be derived by integrating the adiabatic equation of state
across the ablative layer. Following the work of Ref. 2, the
calculation can be greatly simplified by using the conservative
form of the equation of state:

1 » 3 1 - 5 J
el = +=p|+V||=pv°+=
(o o303 0}

=pg-v+18(y-17), (A.3)
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where [ is the power deposited at the ablation front. Integrat-
ing Eq. (A.3) and linearizing the variables yields the follow-
ing jump condition for the fluid energy:

- 5 3 5 ~
9m(PhU;% —P/U/')+[5P;,U;% +5Ph]?’hy

3 2 5 - 5.
- =pUf +=PB |v;, + = pU
{2/9// > z] ly 2Ph h

5

- iU (A.4)

1. 3
——pU =0,
2Pi/

where all the quantities are calculated at the unperturbed
ablation front (y = 0). In the derivation of Eq. (A.4). the
incompressible results in the two regions have been used. The
ordering for the perturbed quantities can be derived from the
conservation equations

Im ~Opy [KU, Py ~pUsD; P~ Pyl [Up (AS)

Substituting the relations in Eq. (A.5) into Eq. (A.4) yields
the following equation for the perturbed normal velocities at
the ablation front:

[1+0(M§)]z7,,y=[1+0(M,2)]z7,y (A.6)
For Mlz» — 0, Eq. (A.6) reduces to
5}[\’ = 5/)) . (A7)

Observe that the latter can also be derived from the incom-
pressibility condition (V - v = 0) integrated across the ablative
layer. Thus, the assumption of incompressible flow holds at
the ablation front as well as at the two uniform regions on both
sides of the interface when the Mach number is much less than
unity, i.e., the flow is subsonic.
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APPENDIX B: UNSTEADY EQUILIBRIUM OF AN
ACCELERATED TARGET

The time evolution of the equilibrium of a planar target
accelerated by an externally applied pressure P,(f) can be
obtained by solving the one-dimensional fluid equations of
Ref. 6. In ICF the accelerating pressure is induced by the
laser irradiation. In order to simplify the calculation, we
rewrite the fluid equations in a Lagrangian frame, and we
neglect the reduction of the target thickness due to ablation.
Let y7(7,t) be the trajectories of the fluid elements and ¥y
the Lagrangian coordinate: i.e., the position of the fluid ele-
ments at time ¢ = 0. As shown in Ref. 0, a linear wave equa-
tion describing the evolution of the fluid trajectories can be
derived from the nonlinear set of equations

2
297y
s a}_,z

Fyr
p%.

(B.1)

=c

where ¢, is the sound speed of the target at rest. We consider
a planar target of thickness d(0< y< d ) with the irradiated
side at y=0 [ p(0,r) = B,(r)]. On the surface opposite to
the laser (¥=d), the external pressure is negligible
[ p(d.t)= 0] . These boundary conditions lead to the follow-
ing equations for the trajectories at y=0 and v = d:

aif(o,t)ﬂ—P“—(I) A (an=1. (B2

3 pe; Iy

We let the laser irradiation start at time ¢ = O (target at rest).
Thus, the velocity at ¢t = 0 is zero through the target:

Hr

B3
o (B.3)

(3.0)=0  ¥(5.0)=¥.

Equation (B.1), together with the boundary and initial
conditions [Eqs. (B.2) and (B.3)]. can be solved in the Laplace
transform domain. A short calculation yields the following
form of the Laplace transform (L) of the acceleration:

B(s) cosh [; (d- }—)}

Cs

§(s.5)= e d
pes sinh [5]
CS

(B.4)

where

(B.5)

and s is the Laplace variable. Using the identity

: 1 =2 < -(2n+1)z
sinhz 2

and taking the inverse transform of Eq. (B.4), we obtain the
acceleration of the ablation front

2(0,1) :L{ﬂ{,_i}
pc, | dt Cy

+2 i‘&{z—z”—d}@{z— E”dﬂ, (B.6)

n=1 dt Cs Ce

where O(r) is the Heaviside step function. Focusing on an
oscillating applied pressure induced by an oscillating laser
intensity

[Pu(r)= Ro(1+ A, sinoyr)]

we determine the asymptotic value of the acceleration after
many periods of the oscillation (ta)o >> l) . A short calcula-
tion yields

B .
g(0,1)= —(;(1 +asinwgyt), (B.7)

p

where o = Ap(a)od/cs) cot( a)oa'/cs). The first term on the
RHS represents the incompressible component of the accel-
eration. The other terms are induced by the oscillation in the
applied pressure and vanish for ¢, — <. i.e., incompressible
fluid. Observe that Eq. (B.7) yields the resonant condition for
the oscillations, wgd/mc; = n, where n=12,... .
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A more accurate expression of the acceleration can be
obtained by retaining the effect of finite ablation velocity (V).
For a subsonic ablation flow (V,, << ¢,) and times shorter than
the ablation time ( 2r/wy << t<< dfV, ) ,the ablative flow can
be treated as a perturbation of the equilibrium. Thus, the
acceleration becomes

8(0,1) = go(1+ asin wyt+ € coswyt), (B.8)

where gy = Ry/pd,.d, =d— I(; V,dt’ is the target thickness
at time ¢, and the ablation velocity has been taken propor-
tional to the laser intensity [Va =Vo(l+ A, sinw,t) < I(t)].
For typical ICF parameters and oscillation periods of the
order of hundreds of picoseconds, the term e= AV, 504 /20
is much less than unity and can be neglected.
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