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Hohlraum laser plasma interaction is “rich,
complex physics:” hard to model!

Inner beams (23.5°, 30°) A, = A, + AA
Outer beams
i ~ — 1 Ay, (44.5°, 50°)
i Fill gas \\ = Important for high hohlraum fill density
Laser — Low-foot, high-foot designs
entrance
hole
Il = Cross-Beam Energy Transfer (CBET)

lon acoustic waves
Langmuir waves
Raman light

— Form of Brillouin scattering
— Laser 1y => Laser 2 y + ion acoustic wave
— To lower frequency laser in plasma frame

Stimulated Raman scattering (SRS)
— Laser y = scattered y + Langmuir wave

Stimulated Brillouin scattering (SBS)
— Laser y = scattered y + ion acoustic wave
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CBET and SRS impact implosion shape

Hotspot x-ray image
(2009 shots)

YIEY WY W keep increasing

Agreement with linear model for CBET gets worse as laser power and AA

CBET to inners
Prolate: “Picket”: ~0.1 TW/beam Peak power of 2009 shots Peak power of 2011 shots
‘Sausaged’ (AA=5.5A) (~1.3 TW/beam) (~2.2 TW/beam)
25 _ 80 35
8 , — Expts ¢ Bols S 2 pump depletion (outer beams =0)
g TN [ ~--- Model 60 {- - - Mogellatomic nhvsics DCAV| G 3 ~x
2 T { 012> Inline models reduce
s | \ £ discrepancy i
0 I 1 X
Oblate: ats WL g e v 1 V+
Eo| N (807 tis !
‘Pancaked’ g ! ; 7 g ;
a 1 [} 3 -20 A 'E 1 7
S ’ [+]
: 40 17 }? Eos . ﬁ;giggl :
c R
HOhIraum _05 T T T '60 G T T T T 0 T T T \0 :
axis 0 05 1 15 2 0 2 4 & & 10 0 2 4 6 8§ 10
Time [ns] AVA, @] AL[A @10)]

in Plasma Physics Award Slide courtesy P. Michel, Anomalous Absorption 2013

b Lawrence Livermore National Laboratory N A' 23% 3
Security Administration

LLNL-CONF-690178 National Nuciear



Inline LPI models improve agreement with
modeling and reveal SRS dynamics

Old script-based process

1. Rad-hydro run: no CBET,
no backscatter removed
1. CBET post-processing script
[P. Michel]
1. 2" rad-hydro run: CBET,
backscatter removed

* More sausaged implosion
than data

* Limit CBET: ion wave
amplitude clamp on./n,

Inline CBET,
SRS removed at lens

e CBET calculated internally
* lon wave energy
deposition

Versus script:

* Picket: less CBET, due to
inverse brem.

* Peak power: less CBET,
due to SRS removed from
inners 1\

Inline CBET and SRS

* Pump laser depleted in
target

* Langmuir-wave deposition

* Inverse brem. of SRS light

Inline SRS results:

* Langmuir waves driven near
laser entrance

* LEH hotter: reduces CBET

* More polar x-ray drive

* Less sausaged implosion

|
HYDRA simulations

I

LASNEX simulations
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Inline model: coupled-mode equations along
laser rays: steady state, strong damping limit

Inverse !orem. SRS CBET to other lasers
absorption coupling
Laser 0 23
dRr gci
azf() — —KJQI() T —I()IR — miﬂ[IOIia 8%} IOI’L]
WR 1 Wj
SRS light g ‘=
R
—0,Ir = |—krlIp|H —Iolgr
Wo
WL SRS Langmuir
prL = grlolr 8
wOwR wave
T WA goilol; CBET acoustic
wow,i wave
: t
« CBET lon wave saturation clamp 8n_s2; on, o mm[ I,1,,6n,” ]
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Inline models applied to NIF shot N121130:
early “high-foot” plastic symcap

- Elaser =1270 kJ I:)Iaser =350TW Hotspot x-ray image:
= (A3 Agg) - Mg = (8.5, 7.3) Ang. A “Pancaked”, P,/P, = -0.12
= CBET to inners: tune polar P2 shape 100

= CBET to 23’s: tune azimuthal M4 shape
= Fill 1.45 mg/cc He

50

= Gold hohlraum: “575 scale” -
S0
Selobababababobalababalalalalals L
= = Hohlraum
= Total s T e
Laser 300 < O = axis 100 50 o s0 100
Power ¢ Outers . ' X (ram)
Inners -

Power [TW]
S
|

0 5 10 15

time [ns]
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Inputs to runs: measured SRS power and
maximum wavelength

23° inner cone 30° inner cone 50° outer cone

S E : Incident s = =
= E = SRS = E %
- = SBS l—; =
g i :
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Picket: Hydra Inline CBET model gives less CBET
than script, which neglects absorption

Cone fraction:

Incident power Inner / total power

1.0=Jual il bornnbinnn b b

-M\'\ Inline ;

- - Inline, no

; - ion heating
% 05—

time [ns] 0-0-'|""I““I""l""I""""'I"

0 1 2 3

time [ns]

* Script neglects absorption, or else transferred power doesn’t reach exit plane

* CBET clamp on2 =103 in all HYDRA runs
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Peak power: inline CBET model gives less CBET
than script, due to how SRS handled

Cone fraction: x-ray flux P2/P0 moment at
Inner / total power ablation front
1.0 N nm . 0.2 ._—l.l.l.l.l.!.l.l.l.l.|.l.I.I.I.!.l.l111l.l.l.l.!.l.l.l.l.llll.l.!__ POIe
- - - hot
= Inline = A
- CBET -
05— ] - KT e = — =
= Inline no = C
- ion heating - =W
- r\ <7y - - .
s Sl A - Waist
-~ Incident - BS - - - h
OO =qi11n I rrrrjuenn I rnnnjuend I 1t jrnni l_ —0.2 ﬂ'l'l'l'['l'l”l"I'l'|'I'I'I'I'I'I'I'IT]"I'I'I'I'I'l'l'l'l'['l"l”l'l'r Ot
10 12 14 16 10 12 14 16
time [ns]

time [ns]

Script: more CBET for same plasma:
uses incident power, no backscatter removed

0.1y = gl 1
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Inline CBET: lon-wave heating increases ion
temperature ~ 700 eV in entrance hole

T.,, [keV]:
two runs with inline CBET

T,,, difference [keV]:
with heating - without

Au wall £
- lon —+2
__heating

E e
O,
- No ion

heating

0.2 0.4 0.6

z [cm]

0.2 0.4 0.6

z [cm]

Time 14 ns: late peak power
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Inline CBET: ion heating can have small effect on
CBET

Off-resonance CBET gain rate: P. Michel et al., Phys. Plasmas 2013

Viaw <K v L Ure — Gain rate (Z=2)
1 2 0.12
0,1y < InIin.Z L/
(TZ —I_ ZT@)Z 0.08}
0.06+
0.04
lon heating can slightly increase 0.02 LEH
CBET gain before it gradually drops
0995 0.5 1.0 15 2.0
T,/ T,
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SRS exponentiates mostly on resonance, most of
power growth off resonance

Light-wave power [Log scale]

laser ——>
A \

Light-wave power [Linear scale]

0

Off resonance:
several e-folds

Power

Inline inputs:
SRS power, A

Resonance:

R~103-10

R~0.1-0.3 SRS .
. Thermal noise:
light R~ 109
—

laser ray path

Speckles, kinetics

Treated by
inline SRS model
1

|

N\

>

Replaced with seed power
in inline SRS model
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Inline SRS model in LASNEX: large CBET to
inners, little SRS inverse brem. absorption

Peak SRS: shown on next slide

Jdrrrrlora b tlrrrr b

-Outer  +) | s~

- . . s \
200 — incident;, ) .
B JCBE | to Inners,

Langmuir wave energy: 119 kJ
Deposited locally in fluid T,
Upper bound on LEH effect
Hot electron treatment is ongoing

incident

100

power [TW]

||\|I|||||||||I|||

ping SRS
rmui
* CBET clamp on 2t =0.01
AVv. brem. * Approaching physical ion-wave nonlinearities:
0 _ LR LY R trapping, two ion wave decay
10 12 14
time [ns]

NIF high-foot shot N121130
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Inline SRS: Langmuir waves driven just inside
entrance hole

SRS light keeps growing: SRS inv. brem. heating

coupling > inv. brem.
Au wall

SRS seed

Capsule

Capsule™~ " LEH

AR RRRR R

0 Gl Lt LLLL e Langmuir wave heating:
0 0.2 0.4 0.6 Makes LEH hotter
z [cm] 7
Lo
Time 12.6 ns: 8
. scale e
peak escaping SRS power e o
Capsule "™
/AIIII|III
0.001 Conducts to wall = polar x-rays
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Compare inline SRS run to one with SRS
removed at lens

Next slides compare two LASNEX runs:

* Same escaping SRS power

* Both with inline CBET, clamp 6n_2 = 0.01

* Run 1: Inline SRS

* Run 2: SRS removed at lens, no SRS IB or Langmuir wave heating

b Lawrence Livermore National Laboratory N A‘S&f{% 15
LLNL-CONF-690178 National Nuclear Ss:uﬂ{yAdmmts:;tmn



Inline SRS model increases LEH electron
temperature 1 — 2 keV

T, [keV] SRS at T, difference [keV]:

llllllllllllllll rrrrnnneg Iens 5 inline SRS - SRS at Iens

0.2

|
I
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o
N
SEARRTRARRARLE
M
o
o
p :
(6]

O-O'_-IIIII|I)IIIIIII|

-0.2 0.0 0.2 0.4 0.6
E Inline z [cm]
'||||||||||||||||||||||||| SRS

0.5 ‘
0.0 0.2 0.4 oo i’ ‘I ! _i
z [cm] P L © = N

Higher T, reduces CBET:
Time 12.6 ns: off-resonant gain ~ T.1/2/(T.+ZT_)?
peak escaping SRS power
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Inline SRS model reduces CBET to inners, 60%
more energy remains on outer beams

Post-CBET outer beam energy:
10.5to 15 ns

]
S 06— =
o z z
(&) = =
£ - =
L 04— ==
b - -
= = =
Sz 28.0% = 1.6 * 17.5
L = N
g Bas —> 17.5%
I = -
» - -
(@] - -
o - -
0.0j||l|||||||||||||||||||—
0.000 0.005 0.010

t [
on_s2/n saturation clamp

Post-transfer outer beam power approaching finite value for large 6n % :
limited by plasma conditions, not artificial clamp
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Inline SRS model has very little effect on total x-

“Hohlraums are calorimeters”

— L. J. Suter

ray drive

Radiation temperature seen by capsule [eV]

300__llllIIIIII|IIIIIIIII|IIII|IIII|IIII|II-_

200 = -

= Lens SRS =

100_3 Inline SRS _:._

- SRS active :

O_IlIIIIIIlI|IIlI|IIIl|IIIl|IIII|IIII'II—

10 12 14 16

time [ns]

*Two curves almost overlay
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Inline SRS model: reduced CBET and Langmuir-
wave pump depletion reduce waist x-ray drive

P2 moment: x-ray deposition
at ablation front

-O-SRSlat lens
=8 SRS inline

Waist Y2
(qV]
hot o =
03
ol . SRS active ;
"9 10 11 12 13 14 15 16

time [ns]
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Inline SRS model gives less sausaged implosion,
still differs from measurement

Simulated x-ray radiograph:

Measured x-ray self emission:
“2D Convergent Ablator” Y

“Pancaked”, P,/P, = -0.12

300 ' -
SRS at lens
200t - .
------ ' Hohlraum
__100¢ axis B
£ ]
= 0 of
nd 2
-100¢
.............. 7
~200¢
SRS inline g
-30 * ' ' ' '
~300 -200 -100 0 100 200 300 s g8 ° g 3
Z [u m] () g
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Experimental tests of inline models

eHXI (T. Doeppner): x-rays > 50 keV

near vacuum hohlraum | Low-foot, high gas fill

very low hot e-’s high hot e-'s
Outer / )
beams ‘.’ ‘ :
Diag. i !

patches

N141105 N130315

* ~FY17 on NIF

Optical Thomson Scattering

* Plasma conditions in LEH
* Langmuir waves in LEH

“Microdot” platform
* M. Barrios, N. lzumi

* Mid-Z patches on target surfaces

* Spectroscopy =2 T,
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Inline model extensions: focus on improved
electron transport

Hot electrons

* Langmuir wave energy deposited locally in fluid T,: upper bound on LEH effect
 Landau damping -> energetic or “hot” electrons

 Should be modeled as such, e.g. LASNEX suprathermal package [D. Kershaw]

Underdense plasma modeling

 Determine CBET and SRS coupling

 Determined by electron physics: heat transport, IB absorption:
* Nonlocal heat flow
* |on acoustic turbulence: return current instability, enhanced absorption
* Magnetic fields

Inline Brillouin Scattering: being added to HYDRA [S. Sepke]
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Summary: Inline CBET and SRS models
implemented in HYDRA and LASNEX

Inline CBET
* Reduces CBET vs. script:
* Picket: script neglects absorption
 Peak power: script doesn’t remove SRS power
* lon-wave heating increases T, in entrance hole, small effect on CBET

Inline SRS

__|: * Langmuir waves driven just inside entrance - far from inner-beam spots
* LEH hotter --> less CBET

— v Net effect is more polar drive, same total x-ray drive
e Little absorption of SRS light

Inline models change underdense plasma conditions,
especially in entrance hole,
help explain implosion shape data
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BACKUP BELOW
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Hydra inline CBET picket

x-ray flux P2/P0 moment at
ablation front

02-trirlapilire b

—

S Pole
Inline hot
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]
s
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1 2 3 4h0t

O_l.l.l.l.l. A

time [ns]

b Lawrence Livermore National Laboratory N AV ngé‘;i 25
LLNL-CONF-690178 National Nuclear Ss:udlyAd’mlnts;;Et



Inline SRS model solution along one ray

Light intensity
— 7% 14 2.
Jllll'llllIIIII'IIIIIIIII'IIIIIIII |0_7 1,() W/Cm .
2x nominal:
6. <«—— laser CBET estimate

10+14 é _____ =
o - r\zls.aser, with
E‘D 4.< = SRS removed at lens
= /
= B SRS light
- B 5

Seed: 1.4%103 1,

mELUERRRNRENRNRRY

O. j- 1
0.0 0.2 0.4 0.6

z [cm]
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Inline SRS model: Langmuir wave heating
dominates in low Z

Heating power density [W/cm?3]

SRS light ——> <«—— laser
6__||||||||| Laser IB bl

10+14 _:
Langmuir

Au
Twall

O. _-I 1l
0.0 0.2 0.4 0.6

z [cm]
Capsule f LEH
center
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Post-CBET outer beam power

1OOJ_ Incident outers '+ liiiiL
/\J\\,_,'\-\/\ﬁ
P \ -

Inline SRS

Power [TW]
(6]
o

— % \
- & . \
- » Escaping SRS
O_Iﬂﬁ{|lllllllpll|lgllllll\l O
10 12 14

time [ns]
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Static x-ray imager (SXI): brighter outer beam
spots with inline SRS model

Inline SRS SRS at Lens Summed over box in x

1_0_||||||||||I|||||||| IFRSRERREN] N

outers E Inline SRS Outersg

L - : > - SRS at lens -

~ __inners = S -

© - =

5 E .

E inners :

0.0- IIIIIIII|IIII|IIII|IIII|IIII-

X [cm] -0.1 0.0 0.1
N121130 y [em]
shot data

SXI “hard channel”: 3-5 keV x-rays
M B. Schneider et al., Rev. Sci. Inst. 2012
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