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Illumination uniformity of capsules directly driven by a facility
with thousands of laser beams
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Abstract. The uniformity of the illumination of a spherical capsule directly driven by laser beams has
been assessed numerically. Different schemes characterized by ND = 12, 20, 32, 48 and 60 directions of
irradiation associated to a single laser beam or a bundle of NB laser beams have been considered. The
laser beams intensity profile is assumed super-Gaussian and the calculations take into account for beam
imperfections as power imbalance and pointing errors. These facilities are characterized by a large number
of laser beams Ntot = NDxNB. Assuming relatively small laser beams with an energy of a few hundred of J
(200 J–500 J) it turn out that a few thousand of beamlets (1000–5000) are needed in order to provide a total
energy of 0.5–1 MJ. A large parametric study has been performed showing that the optimum laser intensity
profile, which minimizes the root-mean-square deviation of the capsule illumination, depends on the values
of the power imbalance and pointing error. Moreover, when beams imperfections are taken into account it
is found that the uniformity of the illumination is almost the same for all facilities and only depends on the
total number of laser beams Ntot.

1. INTRODUCTION

In Direct Drive (DD) [1, 2] Inertial Confinement Fusion (ICF) [3–5] a spherical capsule is directly
irradiated by laser beams. As a consequence of the fast laser energy deposition the capsule implodes and
compresses the thermonuclear Deuterium-Tritium (DT) fuel. In order to provide a successful implosion,
irradiation of the capsule must be highly uniform preventing the dangerous growth of Richtmyer-
Meshkov [6] and Rayleigh-Taylor [7] hydrodynamic instabilities.

Several partially overlapping laser beams characterized by irradiation directions [8–10] distributed to
maximize the isotropy are usually considered to provide a highly uniform capsule irradiation. The pulse
power driving a direct drive capsule implosion is assembled by a low-power (≈ TW) pre-pulse followed
by a relatively high power (tens of TW) main pulse. The laser pre-pulse generates the imprint phase.
In this phase the expansion of the plasma corona does not affect the laser reflection and the uniformity
of the energy deposition could be analyzed assuming a direct illumination of the capsule [11]. The
laser beams assembled in a facility are affected by unavoidable imperfections as power imbalance and
pointing error [11–18]. In this paper we analyze the illumination uniformity provided by five irradiation
configurations characterized by ND = 12, 20, 32, 48 and 60 irradiation directions [12]. It is shown that
the optimal focal spot shape depends on the beam imperfections [13] and that taking beam imperfection
into account the illumination uniformity is degraded by about one order of magnitude [11]. Finally, it is
shown that the use of bundles [14, 15] of NB beamlets (laser beam unit) associated to each irradiation
direction introduces a stochastic homogenization of the laser intensity which benefits the irradiation
uniformity [16, 17].
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Table 1. Minimum intrinsic non-uniformity �0 and non-uniformities �1 for the five configurations.

ND � m �0 [%] �1 [%] (�)
12 0.80 2.8 0.39 4.15 (0.96)
20 0.80 2.8 0.18 3.20 (0.74)
32 0.80 3.0 0.15 2.72 (0.61)
48 0.83 4.2 0.16 2.20 (0.50)
60 0.80 3.0 0.08 1.95 (0.43)

2. ILLUMINATION UNIFORMITY

The illumination uniformity has been calculated as the root-mean-square (rms) deviation � = [
∫

(I −
I)2 d�]

1/2/[(4�)
1/2I] of the laser intensity, where I is the average intensity and the integral covers

the whole surface of the unitary sphere. The laser intensity profile is assumed super-Gaussian
I(r) = I0 exp[−(r/�)m], characterized by the parameters � (half-width at half maximum) and the
exponent m.

For any irradiation configuration it is possible to calculate the intrinsic non-uniformity �0 as a
function of the laser focal spot parameters � and m. The intrinsic non-uniformity assumes perfectly
balanced and centered laser beams and characterizes an ideal configuration. A parametric study shows
that a given irradiation configuration exhibits one or more minima of �0 in the space [�, m]. In Table 1
are shown the parameters [�, m] that provide a minimum of �0 for five irradiation configurations. In the
Table 1 are also shown the illumination uniformities �1[�, m] evaluated assuming a power imbalance
�PI = 5% and a pointing error �PE = 5%. These non-uniformities �1 represent the average value of
the non-uniformity evaluated on one thousand of calculations where random power imbalance and
the pointing errors follow Gaussian distributions. To these average values �1 are associated a standard
deviation � which is also shown in Table 1. As shown in Table 1 the inclusion of the beam imperfections
increases the non-uniformity from �0 to �1 by about one order of magnitude.

In order to reduce the growth of the non-uniformity �1 as a consequence of the beam imperfections,
it was proposed to associate at each irradiation direction a bundle of NB independents beamlets.
In this way the action of the NB beamlets provide a stochastic homogenization of the irradiation
uniformity. Figure 1 shows the illumination uniformity evaluated for a facility characterized by ND = 32
irradiation directions. Frame (a) shows the intrinsic illumination non-uniformity �0 (neglecting any
beam imperfections) as a function of the laser intensity profile parameters � and m. In the other frames
are shown the results accounting for the beam imperfections (power imbalance �PI = 5% and pointing
error �PE = 5%) and assuming one beamlet per irradiation direction (b), 9 beamlets (c) and 96 beamlets
(d). As shown in figure 1 the optimum of the laser intensity profile (frame a) moves at larger � and higher
m when the beam imperfections are taken into account (frames b). Moreover, these non-uniformities
tend to reproduce the optimum intrinsic non-uniformity �0 when the number of beams is increased

(from NB = 1, 9 until 96). This is because errors associated to the whole bundle are reduced (≈1/N
1/2
B )

as the number of beamlets increases, and tends to zero as NB tends to infinity.
In figure 2 are shown the optimum of the intrinsic non-uniformity �0 (stars) for five configurations

characterized by ND = 12, 20, 32, 48 and 60. In the same figure are also shown the average non-
uniformities calculated taking into account the beam imperfections (power imbalance �PI = 5%,
pointing error �PE = 5%) and assuming a total number of beamlets Ntot = NDxNB. Three cases have
been considered: Ntot = ND (solid circles), Ntot ≈ 300 (empty circles) and Ntot ≈ 1000 (squares). The
shadowed areas indicate the dispersion of one standard deviation (±�). As it is shown in figure 2
considering one beamlet per irradiation direction (NB = 1, solid circles) the non-uniformity decreases
as the number of irradiation directions (ND) increases, nevertheless the non-uniformities are always
higher than 1% for all five facilities. Differently, increasing the number of beamlets (NB) and assuming
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Figure 1. Illumination non-uniformities as a function of the laser intensity profile [�, m].

Figure 2. Illuminations uniformity as a function of the number of irradiation directions ND = 12, 20, 32, 48 and
60. The results refer to a total number of beamlets Ntot = NDxNB = ND, Ntot ≈ 300 and Ntot ≈ 1000.
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the same total number of beamlets Ntot ≈ 300 or Ntot ≈ 1000 the non-uniformity is almost constant and
independent of the number of directions of irradiation ND.

3. CONCLUSIONS

The illumination uniformity has been calculated for five irradiation configurations. Assuming a power
imbalance of 5% and a pointing error of 5% the non-uniformities �1 increase by about one order of
magnitude by comparison with the intrinsic non-uniformities �0. To overcome this negative effect it has
been proposed to associate to each direction of irradiation a bundle of NB independents beamlets. This
is a natural way in order to reduce the imperfections associated to the whole bundle. It is found that the

illumination uniformity scales as 1/N
1/2
tot and is given [16, 17] by � (Ntot) = [�2

0 + ND (�2
1 − �2

0)/Ntot]
1/2,

where ND is the number of irradiation directions.
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