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Using Scattered-Light Data to Validate 2-D Radiation-Hydrodynamic Energy-
Coupling Models in Polar-Direct-Drive Experiments at the National Ignition Facility
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Time- and angular-resolved scattered light data are used to evaluate energy-
coupling models in NIF polar direct drive experiments
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« The Scattered Light Time-history Diagnostic* (SLTD) and Full aperture backscatter suite
(FABS) collect time-resolved 351 nm scattered light measurements at up to 19 locations
distributed around the NIF target chamber

« Scattered light data were collected on polar direct drive (PDD) solid sphere experiments at
intensities between 4x10%*and 1.2x10% W/cm?

« Preliminary comparisons with 2D DRACO simulations with and without cross beam energy
transfer (CBET) show:

— Both models accurately predict polar angle of peak scattered light
— DRACO with CBET overpredicts scattered light at the pole

— Time-resolved data shows increasing deviation from CBET model with increasing intensity,
especially towards the equator

* M. Rosenberg et al. Rev. Sci. Instrum. 92, 033511 (2021)
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The angular distribution of scattered light is used to diagnose energy coupling
models in NIF PDD experiments

2D DRACO calculation of PDD Solid Sphere N210301-002
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PDD illumination geometry 351-nm scattered light map
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DRACO is a 2D radiation-hydrodynamic code with 3D laser ray-trace including cross-beam energy transfer (CBET)

* Comparison of scattered light data to hydrocode SAGE is discussed in Craxton et al. [next talk]




The angular distribution of scattered light is used to diagnose energy coupling
models in NIF PDD experiments; it is diagnosed using FABS and SLTD o
LLE

2D DRACO calculation of PDD Solid Sphere N210301-002

SLTD schematic 351-nm scattered light map

Y% SLTD
/\ FABS (x4)

Fiber pick-ups
: (x3 — SBS, SRS, w/2)

TCC
90°
NIE Gate l
valve
chamber To fil Scattered light (J/cm?2)
wall o filters and - "ol
photodiodes 150 ‘
180° 0.002 0.02

UNIVERSITY of

& ROCHESTER




The absolute calibration of SLTD is in progress and currently has a factor of 2

uncertainty
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To evaluate models of energy coupling in 2D DRACO simulations, PDD solid

spher

e experiments at multiple intensities were performed on the NIF
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NIF PDD solid sphere configuration*
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Scattered light measurements complement shock trajectory in evaluating energy coupling models;
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intensity scan used to assess CBET, which is calculated to increase with intensity

* Solid Sphere shock trajectory is discussed in Ceurvorst et al. [BO04.00003]
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With the preliminary SLTD calibration, measured angular distribution of scattered
light shows qualitative agreement with DRACO, with a peak at 30-40 degrees
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Time-integrated scattered light data and simulations vs. polar angle
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With the preliminary SLTD calibration, measured angular distribution of scattered
light shows qualitative agreement with DRACO, with a peak at 30-40 degrees
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Time-integrated scattered light data and simulations vs. polar angle
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With the preliminary SLTD calibration, measured angular distribution of scattered
light shows qualitative agreement with DRACO, with a peak at 30-40 degrees
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Time-integrated scattered light data and simulations vs. polar angle
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Scattered light is in closer agreement with the no CBET model at the poles but then falls
between the models elsewhere




With the preliminary SLTD calibration, measured angular distribution of scattered
light shows qualitative agreement with DRACO, with a peak at 30-40 degrees
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At the 4x10* W/cm?, the time resolved data shows better agreement with the no
CBET model at the poles, but better matches the CBET model elsewhere

—
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SLTD time-resolved scattered light
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At 1.2x101° W/cm?, the scattered light data continues to be in agreement with the
no CBET model at the poles, but the CBET model overpredicts the scattered light

everywhere UR
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SLTD time-resolved scattered light
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Summary/Conclusions

Time- and angular-resolved scattered light data are used to evaluate energy-
coupling models in NIF polar direct drive experiments
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« The Scattered Light Time-history Diagnostic* (SLTD) and Full aperture backscatter suite
(FABS) collect time-resolved 351 nm scattered light measurements at up to 19 locations
distributed around the NIF target chamber

« Scattered light data were collected on polar direct drive (PDD) solid sphere experiments at
intensities between 4x10*and 1.2x10%> W/cm?

* Preliminary comparisons with 2D DRACO simulations with and without cross beam energy
transfer (CBET) show:

— Both models accurately predict polar angle of peak scattered light
— DRACO with CBET overpredicts scattered light at the pole

— Time-resolved data shows increasing deviation from CBET model with increasing intensity,
especially towards the equator

The calibration is being refined for more stringent comparison of scattered light measurements to simulations
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N210518-003 1.2e15 W/cm”2

(ML) 1omod JaseT]

(A1) 19mod Jase (ML) Jemod JaseT

o o o o 2 28 833228 o s o o o
2 28 8 g3 2 2 o I N e I ¥ 2 8 8 2 R o
I o m e o
2 m w o
w - =
B 2 o X 5se (2 X 5.8 -
LO =82 S O Ezs — ||28¢ 2
— mmw 255 o EZ}
™ 285 n__ ' © ) 203
e = o 500 || °
S 1 o S - ! M
= m\9 Em £
- p 2 =
m CEM = =0 -
[l e R T
<C — -
L. - — N
n 2.
| o “
- A
= Ell i - u
i ° R : s
o = " - P =} - - © ~ © W ¥ ™ o = O
- [1s/an] @ouani b paleness Tm._>>M mu:vw:_::m: PRIBIIEaS [1s/an] @auanyy Bl paseness
‘ ML) Jamog Jasen
(ML) 1amod Jese o o o o (ML) Jemod sasen
(=] < o~ o (=] o o (=] (=1 o o (=]
E ¥ 888888 o L £ 9 e88¢8Ro
o
L o [ B - | ]
3 " 3, £
w . .m w -
3 S u0m 3 m
L|8g 8 e ) wgT r2aed =
O - - E< 2 4 s
TRl 0  =id +3
© 253 SR o 283
' 1 + @
1 «© ] [
™ | Jlo & L .S | )
o)) S~ £
0))] = L 2 v s
w =
m EO e =M £
= oo
m T A H )
N —
o~ [ S o~
] 5 2
- A S : T
Tm.s.na aouen|} Jubi paispeoss ﬁ_wxgwhdww_%%%gwﬂmmmzmuw [4s/pn] @ouanyy By paleneog
(ML) Jemod Jase R (ML) Jemod sasen
(=] (=] o (=]
8 §$R8833839z8 o TS T 288 %R 23883382285
[ o
l o~ [e - | ]
g . 3 . £
w . .ﬂ m M =
B g L 2 r mom =
£od ot 5Qd S
ES s £33 £
EZZ 258 an
253 = 205
z o} L ' o ;

Time (ns)

SLTD 105-320
\

FABS 366
Time (ns)
SLTD 37-274
P
Tlmﬁe (ns)

L o~ L M
. 5 o :
=) s  eeeTm o = x o
x p . . XL n L " .
: [(=] 'e] < ™ o~ - o w m o = m @ w < o~ o
[4s/p] @2uenyy Wbl peleneds [1s/an] @ouen|y Jybi peiepeas [s/AA] @0uanyy 1BI| paleneog
(AL Jemogd sese (ML) 18mod Jase (ML) Jemod Jase
(=1 o (=1 [=]
2288338923, 2 =S =288 88-. € ¥ S§S8889 8o
F o
LT o a - ‘e o
- £ o
W M _m % W
3 |8 o B
ik = © 8% = M gt e
N~ |E23 £5 8 — |E3
R — 205 sk
© |75 o T =
H @ | 1 H @
0p) K ez LO °g
M E £
E c E
m = A O "
A _ ] < T “
«~ N o
o~
o E o
E - ° ol -
. . . . ”
: ~ © © = ® ™ - o 2 © w@ = ™ < n T v ® 0 N 1 - @ O
[1s/an] @ouanyy By pasapess [1s/an] @ousnyy 1By pasapeos = _E_.m_ mu:mjm.zm__ uem.zmum <
(ML) Jemod sasen (ML) 18mod Jase (ML) Jamod Jase
T T T e s dc° T T T T e s d° 2 I ¢ 2 8 8 8 R o
@ o [ 12 < t o
< < P
w W M W S| @
[ MOP e rlzge g2 .m m =)
Ex3 Egs [28% =
um w DM m mM 2
205 268 2658
L " 7 : ! ©
: ; -

Time (ns)

SLTD 63-300

6
Time (ns)

4
Rey? INVLICS 1 EX

FABS 368
=
FABS 318

«10'?
x10'2

0

" N " " 1
w0 -+ © ™~ - =] o -] © =+ o [=]

«10'?
;

6

[4s/p0] @ouenyy Wbl palelyeos Lis/a] 8ousni 1U6H paisnEog @ o ] - ] o

] - [=]
[1s/an] @auan)y Bl paseness



N210518-003 1.2e15 W/cm”2
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Angular distribution of scattered light as a function of intensity shows qualitative
agreement with DRACO, with a peak around 30-40 degrees and falling off at the
poles and equator UR
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Time-integrated scaled scattered light data and simulations vs. polar angle
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Flattening of scattered light distribution towards the poles with increasing intensity predicted by
DRACO is not evident in the data, suggesting that CBET effect is not as strong as modeled
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Angular distribution of scattered light as a function of intensity shows qualitative
agreement with DRACO, with a peak around 30-40 degrees and falling off at the
poles and equator UR
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Time-integrated scaled scattered light data and simulations vs. polar angle
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Flattening of scattered light distribution towards the poles with increasing intensity predicted by
DRACO is not evident in the data, suggesting that CBET effect is not as strong as modeled
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