34th EPS Conference on Plasma Phys. Warsaw, 2 - 6 July 2007 ECA Vol.31F, 0O-2.009 (2007)

Target studiesfor the HIPER project

S. Atzent, C. Bellei~2, A. Schiavil

! Dipartimento di Energetica, Universita di Roma “La Sapiahand CNISM, Italy

2 Blackett Laboratory, Imperial College, Prince Consort Rpaondon, UK

Recently, a European collaboration has proposed the HiBERY [1], aiming at the demon-
stration of laser driven inertial fusion fast ignition [2, Z\.ccording to the present design [4],
HIPER will have a multi-beam, multi-ns pulse of about 250 kfha wavelength of 0.3hm,
and an ignition beam delivering about 70 kJ in about 15 ps aeigagthAig of 0.53 um or
0.35um. In the past two years we have addressed several issuexemucthe design of tar-
gets for HIPER. We have first developed an integrated gainemaehd then performed 1D
simulations of laser driven compression, stability anadylsy models using the time-dependent
1D flow as an input, and 2D simulations of ignition and burne3é studies have led to a refer-
ence conceptual design [4, 5], which is now under detaileestigation. Here, we summarize
some of the main results, while a full discussion can be faorREf. [5].

A crucial issue for fast ignition is the choice of ignitiondye frequency. However, while both
compression and burn have been studied in detail with feliabdes, coupling of the ultra-
intense ignition beam with the plasma cannot yet be studifecensistently [3]. In our study,
it has been parametrized in a simple, rough way. We have asbtimat the intense beam energy
generates fast particles with penetration degtiwith given effeciency)ig (for which we have
taken a reference value of 25%). We have uggd/cn?) = 0.6fxT(MeV), whereT is the
hot electron tempererature. This is related to ignitinglastensityliy and wavelengtiAig by a
ponderomotive scaling; (MeV) = [ligA2/(1.2 x 101% /cn?)]Y/2. HereAig = Aig/(1um) and
fr is a free parameter. Both our analytical model (using anangp version [6] of a standard
ignition criterion [7]) and simulations indicate that késgp the igniting beam energy below
100 kJ requires [8, SIRX < 0.5, i.e. either second harmonic Nd:glass ignition laser and/
electron range shortening. This is confirmed by recent wgrthb LLE group [9].

We have considered simple all-DT capsules, driven by a shppkse, preceeded by an in-
tense picket to shape the ablator adiabat [10], thus regubmm growth rate of the Rayleigh-
Taylor instability (RTI). In this way, we achieve low aveefuel isentropeg ~ 1, and inte-
grated RTI exponential growth factor below 5 for all pertatibn modes. The reference capsule,
pulse, implosion diagram, and a few main results are shovwignl (2T IMPLO simulation).
At stagnation the density of most of the fuel exceeds 300 §/arith a peak of about 500 g/ch
(see also Fig. 2). The confinement paramet@R > peaks at 1.:3—1.6/g;rn2 (depending on the
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Figure 1: Reference target: target sketch, laser pulsdpsign flowchart, main drive parame-

ters and implosion results.

simulation model). These results have been confirmed byper#ent calculations performed
by GIFI-UPM [11] and CELIA [12].

Target and pulse have been scaled in size and energy, bynigefexped the laser intensity
and the shell initial aspect ratio, and scaling mass andygrasR3, and times aR. Taking the
previous target (with maddy) as reference, we designedmalltarget with mas$2/3)Mg and
alarge target with massdy. After scaling, the pulse has been optimized by small chatge
the initial picket, and all targets achieve nearly the saevesily, while< pR >0 MY/3 [13].

Ignition and burn have been studied by a large set of 2D simonls, assuming as initial
conditions those computed by the 1D run around peghR >, and varying pulse intensity,
duration, spot size, and particle penetration depth. Amgta of a 2D simulation of the igni-
tion of the reference target is shown in Fig. 2. A 16-ps lor@guth in radius, pulse of particles
with assigned penetration depthimpinges on the fuel. In this cas&, = 1.2 g/cnt, the beam
intensity is 16° W/cn?, and the total particle beam energy is 20 kJ. Assuming cogpeffi-
ciency nig = 0.25, the laser intensity is ¥ 10°° W/cn? and the assumed range is consistent
with frAig ~ 0.4 um. The corresponding ignition laser energy is 80 kJ. Aceuydd the 2D

simulation, the target releases 13 MJ of fusion energy, lykissuming again;g = 0.25, cor-



34th EPS 2007; S.Atzeni et al. : Target studies for the HiPER project 30f4

t=16 ps t=40ps t="54ps

100 1000
100 um

10

density (g/cm3)
0

-100 um 0 100 pm

ion temperature (keV)

Figure 2: 2D simulation of fast-ignition and burn of the reflece target. Density and tempera-
ture maps at selected times. The origin of time here corredpto timet = 12.35 ns in the 1D

simulation. The arrow in the top left frame indicates theoméng particle beam.

responds to gai® ~ 60. Similar results (with gain in the ran@&= 52-57) are obtained with
intensity reduced to.B x 10'° W/cn?, somewhat longer pulse and/or larger focal spot, and total
beam energy of 18-20.5 kJ. In these cadgay ~ 0.5 um. When the initial condition is taken
from the 1D, 3T IMPLO simulation (giving somewhat smallenfoement) the fusion yield is
estimated to decrease to about 10 MJ, and the gain to 40.

We have performed a series of runs for

each of the three targets studied in the pre- 120 _ Mig = 0.25
vious section. When beam parameters and [
beam synchronization are optimized, the tar-go 80 L
gets compressed by 92, 132, and 270 k\g -

[aa]
pulses, release about 6, 13 and 38 MJ of 40|

fusion energy, respectively. Assuming again

Nig = 0.25, the target gains are about 40, 60, 0 100 200 300 400 500
Total driver enegy (kJ)

and 110 respectively. As shown in Fig. 3,

these results are in very good agreement with ) ,
Figure 3: Gain vs total laser energy. Points: 2D

the gain model [5].
g 5] simulations. Curve: model [5]

Concerning the sensitivity to beam param-
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eters, we find [see Fig. 4a)] a sharp ignition threshold fahealue of the penetration depth,
with optimal Z ~ 1.2 g/cn? for the reference target. This is clearly seen in Fig. 4b)enehhe
ignition energy is plotted as a function & for the three considered targets. Finally, concern-
ing the synchronization of the laser pulses, we find thatdghéion pulse must be fired within

a 75-100 ps window, centered about 30-50 ps before the tippeak<pR>.
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Figure 4: a) Fusion energy vs energy delivered by the igmiieam, for the reference target and
different values of the penetration depth of the ignitingipges; b) Ignition energy vs range for

the three targets considered in the present study.
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