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/ chamber

Purpose

target

Improve HIB illumination non-uniformity of wobblers’ initial
imprint, which induces implosion non-uniformity

Background
Precisely controllable HIB: pulse shape, particle energy, beam axis, etc.

Recently Wobbling HIBs were proposed to smooth HIB illumination
nonuniformity & R-T growth reduction. <- /S.Kawata, et al, /J. Lunge, et

al, /H. Qing, etc.

J. Lunge & G. Logan found a very-good uniformity of HIBs illumination
for time-averaged HIBs on a target.

-> A large HIBs-illumination nonuniformity by the Initial imprint ~ 15% or
-> |nitial imprint should be reduced.



<V

Wobbling Heavy Ion Beams
may reduce the R-T growth.




Background

Examples of HIF target design
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Direct-indirect hybrid implosion
Void HIB input energy is 4MJ,
T -> Gain ~45.
C

HIB input energy is 1.8MJ,
T~ Al ->Gain ~223.
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Heavy-ion direct drive (1.0MJ)
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high coupling efficiencies shell kinetic energy/
incident beam energy of 16% to 18%!!!




Background
R-T instability growth control by Wobblers
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Wobbling Heavy Ton Beams
may reduce the R-T growth.
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Wobbling HIBs ->

1. smoothing of illumination nonuniformity
2. R-T growth control

fuel pellet
@11 lumination @Implosion @lgnition @Burning
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The centroid and envelope dynamics of a high-intensity charged-particle beam are investigated as a
beam smoothing technique to achieve uniform illumination over a suitably chosen region of the target for
applications to ion-beam-driven high energy density physics and heavy ion fusion. The motion of the
beam centroid projected onto the target follows a smooth pattern to achieve the desired illumination, for
improved stability properties during the beam-target interaction. The centroid dynamics is controlled by
an oscillating *‘wobbler,” a set of electrically biased plates driven by rf voltage.

target

9
wobbler plates u Q

quadrupole
focusing magnets
x deflectors

FIG. 1 (color). Quadrupole focusing lattice and wobbler sys-
tem. The motion of the centroid projected onto the target follows
a smooth pattern in order to achieve uniform illumination over a
suitably chosen region of the target.



Simulation model - constant
gravity -
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The calculation parameters are
IOHigh 10 go :1
pLow : 3 k . 1
g:g,+0.1g, sin(kx)
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Control of RTI - Oscillating gravity -

g(x.y.,2.1) = 8o +0g(x.y.2.1) Oscillation Gravity

=80T g1f1(x ,Y) 6Xp(—/3 ‘z‘) eXp( iQt)

w( x 0gAt ey
>
Q = 2nf =
Y + 182

w = )/2 o2 g1 exp(iky + iky )[exp(yr) - exp( iQt)]

From the equation, when the gravity

oscillation frequency fis increased,

the RTI perturbation velocity w
\.decreases.

w:velocity y:growth rate f : frequency

w, :initial velocity g :non—uniform gravity t:time
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Control of RTI - Oscillating gravity -

+ G2 . . .
W = ); ! > 81 exp(ik, + lky )exp(y?)— eXp(th)] Oscillation Gravity
Y+ Q2

gravity

lw I= égl exp(y t) fOl’ Y << 2

|
IWIz2—7g1eXp(7t) for y=Q

Growth Reduction Ratio ~é fOl’ Y << Q

From the equation, when the gravity
oscillation frequency fis increased,
the RTI perturbation velocity w
decreases.

w:velocity y:growth rate f : frequency

w, :initial velocity g :non—uniform gravity t:time
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HIB-Fuel pellet interaction

Forward focal position

Backward focal position

Fuel pellet Focal Spot

max

HIB illumination model



2 . HIB-Fuel pellet interaction (2)

Pb ion beamlet

d 7
/ d F & ¥ LI
Fuel pellet surface

HIB-Fuel pellet interaction

Forward focal position

Backward focal position

HIB illumination model

1.

Calculation procedure

A beam is divided into many

beamlets

Calculation of beam particle

trajectories

Calculation of stopping
ower

Energy deposition on to the

fuel pellet
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60 HIBs -> <1% HIB illumination non-uniformity




Beam radius

1.5~4.0mm
Parameters
+ .
Pb" ion beam Pellet radius
Beam number : 32 Rotation radius 4.0mm
. 1.5~3.0mm
Beam particle energy : 8GeV
Beam particle density distribution : Gaussian
Beam temperature of projectile ions : 100MeV with the
Maxwell distribution
External pellet radius : 4.0mm
Pellet material : Al Void
3.0mm
Al
1.00mm
2.69g/cm?

Al pellet structure

32 HIBS  ref. Skupsky & Lee, JAP 54(1983)3662.



Optimization for Suppression of HIB illumination non-uniformity

HIB radius larger than external pellet radius (4.0mm)
Find optimal ¢
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432101 2 3 4 ¥y Schematic diagram of HIB illumination

: L : L arrangement in the @ direction
HIB illumination angle in @ direction at the 32-beams 8



Evaluation method non-uniformity

We define the total relative root-mean-square as follows

o —@J;%(FHW

i J j=1

F;; :Physical quantity (radiation temperature,

|
ion temperature, density, pressure) l’: y
N
<Fi>: Mean physical quantity on i surface > (/)
x .
N :total mesh number i)
The non-uniformity in the Al The weight function : u P
N, "/
i j=1
o = Z WiGi Wi = N, N,
i=1 Z Z Fy J
i=1 j=1
32-beam

32 beams

Rotation radius 1.9mm

Beam radius 2.6mm
O 2.32%

32-HIBs illumination system




Image of Wobbling Heayv lon Beam

Beamlet axis

l/// Beam center trajectory
Yiz;j[)’ . Rotation axis
~

. V

Fuel pellet surface
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Initial imprint was huge.

<- Spiral HIBs reduce Imprint.

Non-unifor
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Mode (2, 0) is dominant. -1.0
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A few % of energy deposition nonuniformity oscillates
with the the wobbling HIBS oscillation frequency Q.
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Summary

/ Spiral Wobbling HIBs introduce
a low illumination non-uniformity. < 3.8%

/ Initial imprint does not give a large nonuniformity.

HIB main pulse ~ 10 - 20 nsec
Rotation frequency ~ several 100MHz~1GHz
=>
We found a time-dependent wobbling HIBs illumination
with a sufficient uniformity
+ with a time-dependent small nonuniformity
with the the wobblers oscillation frequency Q.
-> may induces g=g,+o9
-> \Wobbling HIBs may give a new smoothing & R-T
growth mitigation method!



