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ABSTRACT 

Me address a class of modified ion beam targets where the 
syflnet*v issues are ameliorated in the regime of short bursts of 
direct drive pulses. Short pulses are here defined so that the 
fractional change in target radii of peak beam energy deposition 
are assumed to be small (during each such direct drive burst with a 
fixed beam focal radius). This requirement is actually not 
stringent on the temporal pulse-length. In fact we show an 
explicit example where this can be satisfied by a - 60 ns 
direct drive pulse-train. A new beam placement scheme is used 
which systematically eliminated low order spherical harmonic 
asymmetries. The residual asymmetries of such pulses are studied 
with both simple models and numerical simulations. 

Some analytical models have suggested to us that the 
asymnetries in direct-drive ion beam targets can be ameliorated by: 
(i) controlling the radial-excursion of the energy deposition 
region, (ii) Judicious choice of beamlet placement, etc. In this 
paper we show that target concepts could be modified to take 
advantage in particular of effects (i) and (ii) above. 

Using beam placement and transverse pulse-shape alone to 
ameliorate asymmetries could be affected by the fact that the 
effective target radius shifts relative to some typical radius 
where the deposition asymmetries are minimized (as determined by 
focal spot radius, beam profile, etc.). 

Taking a somewhat idealized single-layer model of beam 
deposition for a parabolic transverse beam profile, the dependance 
of asymmetry with shift of beam radius Rheam can be calculated 
analytically. This shift versus deposition radius R ^ p is shown 
in Fig. 1 (solid curve) to be correlated with the magnitude of the 
first residual asymmetry coefficient AgnEB(r,t) not zeroed out 
by beam placement alone. Here, AQQEQ (r,t) + AgQEgPg^osB) 
are the first surviving terms of a spherical harmonic expansion of 
the beam energy deposition present in a 32-beamlet scheme of target 
illumination. 

"Work performed under the auspices of the U. S. Department of 
Energy by the Lawrence Livermore National Laboratory under contract 
number W-7405-ENG-48. 



At least for ion beam targets, this radial shift can be 
controlled by a number of procedures. For example, in the tamped 
direct drive target of Fig. 2, a Judicious modification in the rate 
of outward motion of the tamper and ablator is used to control the 
radial shift |R()eam ~ ̂ dep' / ^dep < 8% In the entire 
£ 60 ns pulse-train. The interesting fact is that all this 
is possible despite the fact that we have taken a relatively long 
low power (=> lTw) Initial foot for the first pulse (we expect 
that actual temporally short bursts could also achieve the same 
effect). The three points in Fig. 1 are peak values of Agg Eg 
at times roughly in the middle of each of the three steps in the 
drive pulse, and are taken as before relative to the maximum of 
AnnEo ( r>t) (*t t n e s a m e *•*"* step) of a numerical simulation 
using the LASNEX code. 

Although En (r,t) has as usual a smooth peak in radius, the 
details of ADQEO (r,t) show spatial and temporal variations as 
illustrated In Fig. 3. At this point, a few additional 
explanations of Fig. 3 might be in order. Since the effects shown 
in Figs. 2-3 are so small the expert might indeed wonder how we 
distinguished it from errors due to ray statistics among a 2D 
simulation grid, particularly in. regions where some of the rays are 
stopping in one zone while closely neighboring rays (in beam 
parameter space) stop in other zones. Also if too few angular 
zones are used, just the usual grid approximation effects would 
create asymmetries larger than that of Figs. 2-3 even for 
completely symmetric illumination. Using sufficiently fine radial 
zoning to resolve the radially propagation shocks in the target 
(Fig. 2) only accentuate the problem of ray statistics (e.g., Just 
inside of the radii of peak deposition. 

In brief, we used 100 angular zones per full circle in the 
target so the grid effects are found to be under control. We used 
1 to 2 x 10* ion rays per beamlet so that particularly the most 
deeply penetrating rays near the beamlet centroid have hundreds of 
rays per angular zone. 

We have actually at present performed this problem in a way 
which effectively gives 3D rays on a 2D deposition grid but with ID 
hydrodynamics. Moreover, we have managed the problem without 
actually using 3-6 x 10 5 rays of 32 beamlets. First the target 
of Fig. 1 is simulated in detail in ID with a 2D ray-trace that 
properly introduces the effects of an equivalently infinite number 
of beamlets. The above method of controlling (Rbeam " Rdep) *s 

applied in this process. At judicious time-steps in the ID 
calculation, we convert the grid into 20 runs to extract the 
info-nation of Fig. 3. 

Even here, we have managed to perform 3D ray calculations with 
20 ray-traces. Basically, theories such as Ref. 1 allow us to 
convert detailed knowledge of the 2D deposition profile of one 
beamlet into that of the sum of 32 beamlets. For one beamlet, we 
need only use faster running 2D ray-trace if we consider the 
beamlet to come in on the Z-axis and allow ourselves the relatively 
modest approximation of plane parallel rays. 



Although we have not as yet completed full 20 hydrodynamics, 
we have taken some pains to anticipate part of its effects in 
target performance. In particular, since the deposition 
asymmetries are small, the initial shocks are likely to propagate 
through the target at roughly the timing of the ID calculations. 
For the final full power pulse, the shock is likely to be weakened 
and travel slower than indicated by ID calculations alone because 
of the developing asymmetry of the implosion. Thus we have timed 
the final pulse of Fig. 2 so that a weaker final pulse with 
somewhat slower timing gives even better target performance in ID. 
We are expecting to perform simulations to obtain our best estimate 
degradation of ID performance with full 2D hydrodynamics. 

In summary, we have shown that at least the beam deposition 
asymmetries in a spherical target can be kept to rather small 
levels by (i) Judicious choice of the ratio of tamper mass to 
ablator mass (to control the difference (Rho a m - Rjjep) in radii of the beam focal spot and the peak deposition in target), 
(ii) judicious choice of beamlet placement and/or currents. 
Cle- rj ' we have not yet evaluated the full effects of 2D 
hyf \vynamics (except see previous paragraph) nor the effects of 
rau -in beam displacements from the intended axes. However, we have 
also not used up all the positive effects which could affect target 
symmetry in direct drive. For example the requirements on 
beam-positioning accuracy might be ameliorated by a beam transverse 
profile which is rather flat in the middle. At present, we chose a 
parabolic transverse pulse profile due to existence of an 
analytical model of asymmetries versus (Rbeam " Rdep)-
Maintaining a flatter transverse beam profile is desirable in any 
case for beam transport in the driver as well as in fusion 
chambers. Since we have no clear indication that final beam 
compression maintained that flat transverse profile, we at LLNL 
have also participated in showing that such a profile can be 
re-generated as part of final focus. 

Fig. 1. Deposition asymmetries from using a thin deposition 
layer model and judicious beam placement are compared against 
elalistic target simulations. The effect of shift in beam 
deposition radius versus focal spot radiuses is noted. 
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Fig. 2. The direct-drive ion beam target used in the symmetry 
studies. 

Fig. 3. The asymmetry coefficient AeEgCr.t) actually varies in 
space and time with changes in signs. It is the peak values at 
each time which is compared with the thin layer model. The average 
effect could well be smaller. 


