Impact of Low-Mode Areal-Density Asymmetry
on the Loss of Confinement for Igniting Capsules
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The impact of areal-density (9R) asymmetries on the loss of confinement and on the ignition

criterion is shown to be interpreted by the harmonic-mean definition of areal densities
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* An analytic hot-spot model is generalized to 3-D to include the effects of low modes
* The 3-D ignition threshold is derived including the areal-density modulation from low modes

* The average areal-density degradation can be quantified using the measured ion-temperature asymmetries
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The 3-D hot-spot energy equation is the basis of the ignition model*
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Simplest ignition criterion uses

The capsule of mode 1 the 3-D hot-spot energy equation**

d
—In (PV?) = PIS,
Thin shell wall dt

P = pressure, V= volume, y = 5/3

Burning-plasma

(1) {6V)pr~ T2IS, ,where 6 < Tixev < 20

Thick shell wall (2) Ignore the radiation loss

(3) Isobaric (v < cs)

* R. Betti et al., J. Phys. 717, 012007 (2016).
* K_M. Woo et al., Phys. Plasma 25, 052704 (2018).
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The second-time derivative* of the hot-spot volume at stagnation
determines the 3-D confinement time
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General solution of hot-spot , s
i i 1 1 1 (*dr 24T;
energy equation §tart|ng from the = V() - _l ar S, = i ___ ~ constant
time of stagnation ts (Iabfeled as P() PVI S, ), V7 (6V)prE3SMeV
subscript “s”)
The bracket vanishes when the 1 10 /V.\7
. . . . S ’
hot spot ignites with an explosive P = S_J <7> dt
pressure P — oo (ignition) s @ it
Expand near 1.. )
VaV.+=-V(—t
stagnation: 2 (=1
Use steepest descent to find ignition L P, "
criteria and confinement time Lawson criteria: ~ —— =1, where z.=1/V,/V,
a
S, is the minimum Pz required for ignition.

* Consistent with P.T. Springer et al., Nucl. Fusion 59, 032009 (2018).
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The confinement times depends on the harmonic-mean of the areal density

UR
LLE

Subsonic flow limit

thin shell wall
1/(pAn)pubble N

3-D ignition
condition

Assume most pR
from shell The confinement time depends on

T, > 1, . .
the harmonic-mean areal density:

PAVIR PR, N =
~a
b ll(pAn);ll;:lc(lé shell wall T = \/Ps;s (pRn>HM
—  — -1
(PR} = {570 )
The thin spots dominate over the thick regions in setting the confinement time. HM PR,
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The generalized 3-D ignition metric for low modes includes the neutron yield,
the hot-spot surface area, and the harmonic mean of the areal density
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The generalized 3-D ignition criteria in
terms of Y, A, pRyy

From confinement time in the
previous slide

>—1 From the neutron yield

Y
PV,

Y ~ PV, —p 7.~
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The arithmetic mean of the areal density enters through the hot-spot surface area
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Define the arithmetic mean pR

1
(pA,) = ™ + (pArn) dA =~ M /A,

S

!

The hot-spot surface area is replaced

The generalized 3-D ignition criteria in

terms of Y, M, pR, pRyy\

by the shell mass and the arithmetic mean areal density

M 1/3
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173
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— Xip ~ A_<pRn)HM
S

The 3-D ignition criterion for low modes depends on both the harmonic

and the arithmetic mean of the areal density.
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The “thin spots” in the shell dominate the loss of confinement as
reflected in the harmonic mean of the areal density
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Obtain the harmonic-mean pR
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The pR variation for mode 1 satisfies

PRyos = PRy + Vpyoy - drLosAPR

DEC3D ¢ =1;pR 1nferred by IRIS3D
400 i I

_— Flt a-+ bcosG
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PRI (g /em?)
N
9]
<
\

\ \ \ \
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In general agreement with O. A. Hurricane et al., Nat. Phys. 12, 800-806 (2016);
DEC3D: K. M. Woo et al., Phys. Plasma, 25, 052704 (2018),
IRIS3D: F. Weilacher et el., Phys. Plasma, 25, 042704 (2018).



In implosions degraded by ¥ = 1 modes, the harmonic and arithmetic mean areal densities
are related to the T, asymmetries, enabling the inference of their 1-D values
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DEC3D*¥ =1 DEC3D*¥ =1
simulation for shot 77068 simulation for shot 77068
I 1.00 T T | O Harmonic mean
_ 5.0 4— Tmax -<|: + -+  Arithmetic mean
% ¢ ’ 0.95 S N + — Fit: <pRI:(%S>71/pR1D = (Tmax/Tmin)70'46
a 4.5 — — e 0.90- T :': + --- Fit: <pRLOS>/pR1D = (Trnax/Tmin)_O.28
> g T
:3-/ T ~ 0.85} -
5] min R . . .
E 40k - € 0.801 |+ The scaling relation using
[} = Ve -
2 ¢ g the harmonic-mean pR
= o Sooctrum model]l 0.75- - agrees with the power of -
35+ o IRIS3D 0.70l | 0.47 found** in OMEGA
> experiments with varying
0.0 1.5 3.0 0050 12 14 1.6 18 20 22 24 convergence ratio ~11 to 20.

LOS angle 0 (rad) Tne/ Tonin

The average areal density degradation from £ = 1 mode can be quantified using measured T; asymmetries.

K. M. Woo et al., Phys. Plasma, 25, 052704 (2018).
R. Betti et el.,, BO09.00011, this conference.
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Summary/Conclusion

The impact of areal-density (9R) asymmetries on the loss of confinement and on the ignition

criterion is shown to be interpreted by the harmonic-mean definition of areal densities
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* An analytic hot-spot model is generalized to 3-D to include the effects of low modes
* The 3-D ignition threshold is derived including the areal-density modulation from low modes

* The average areal-density degradation can be quantified using the measured ion-temperature asymmetries
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