Review of BigFoot Implosion Data at NIF
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Summary
BigFoot was designed to limit hydrodynamic growth,

laser-plasma instabilities, and hohlraum filling

Minimize impacts of target quality, target alignment, laser pointing, etc.
Maximize coupling and predictability (laser energy to target)
Simplify interpretations of data, and physics vs reproducibility

BigFoot data (2016)**

X-ray emission ~ 10 keV Nuclear BT +150 ps

Primary goal: study implosion physics, establish understanding

ROCHESTER *+ Capsule filled with Hydrogen gas, not a cryogenic DT layer
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BigFoot data responds to hotspot symmetry = P,
(though P, can vary, shot-to-shot)

Performance vs Neutron Symmetry** X-ray Symmetry vs Cone Fraction
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A: 180128 (highest performing experiment to-date)

B: Repeat of A after changes in the laser, target alignment system, and target fab
C: Repeat of B at 12% smaller scale

D: Repeat of C with 12% less inner cone power
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Performance increases with target scale =S
(for a perfect hydro-scale: L =SL,,t=St,, P=S?P,, E=S3E))

Performance vs Target Scale™* Theory:
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Yield increases with implosion velocity =v
(at constant laser energy)

Performance vs Implosion Velocity
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Theory:

0.8 - Adiabatic hotspot.
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Neglects small changes in self-heating
and C(v); data should scale faster.
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It is important to optimize velocity ~ function of ablator and DT ice mass
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Sensitivity to laser energy exceeds no-alphatheory ~ E*®
(at constant scale)

Performance in DT-layered Implosions

1.2
BigFoot experiments
- Au hohlraum with 0.3 mg/cc fill 10
- DT adiabat 3to 4 2
- Capsule IR 844 um** 5
o 0.8
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Laser energy E (MJ) and adiabat(E); data should scale faster.

Suggests alpha-heating ~ E*%°, consistent with Betti-type analysis
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Performance is inconsistent with expectations on DT adiabat
(at constant symmetry, scale, velocity, energy, etc.)

Performance vs Degeneracy Compression vs Degeneracy
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Rad-hydro calculations are unable to predict 2D/3D stability?
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Reproducibility: can be a challenge ~ 1 shotin 5
(including variability in symmetry, ~ 1 shot in 2)

Performance relative to Scaling Fit(s)
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Need to apply care with individual data points, ‘equivalent shots’, etc.
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Physics scaling(s) can be used to set priorities

Test mechanisms predicted to matter (e.g. pulse-shaping)
Hot electron preheat, hard x-ray radiation, high-Z dopant
New models for equation-of-state, stagnation adiabat, etc.

Theory/Simulations: Y ~ S*4 (E/m)*> a2 Data: Y ~ S*4 (E/m)*75 q*2
l Increase adiabat?

In addition to prior assumptions, this formula also Decrease scale at maximum energy?

neglects changes in hohlraum albedo, radiation
temperature, x-ray preheat, hot electrons, laser
backscatter etc. that depend on S, E, etc.

Y ~ S* (E/S®m,) 75 a*2

Y ~ S—l8.5 a+2

BigFoot data are at smaller scale (S), higher energy density (E/m), and higher
adiabat () than prior data, and achieve higher yield (Y) and gain (Q). Even
when compared to data using advanced hohlraums (more effective energy)
and high quality targets (smoother capsules, smaller fill tube, polar tent, etc.).

Can also gain insight by careful comparisons with other data
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Performance should depend on energy density

Radial Compression vs Design Adiabat

35
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BigFoot data are 10-15% low in compression relative to expectations
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Rad-hydro simulations are able to reproduce data
if we correct for the measured compression ratio =C
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Conclusion
BigFoot implosions have been used to investigate

the physics that work/don’t in ICF

Performance in DT-layered Implosions
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Ignition at NIF will require a high return on energy (~ scaling)

Performance in DT-layered Implosions
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BigFoot meant to emphasize coupling, predictability, and stability,
and a conservative approach to collecting and analyzing data

Target and pulse:
Low Gas Fill LGF hohlraum (0.3 mg/cc): reduce risk of laser-plasma instabilities at max power and energy

High Density Carbon HDC ablator: shorten the laser pulse

12 Mbar “BigFoot” 15t shock: avoid phase coexistence in ablator, shorten the laser pulse, reduce hydrodynamic growth

High DT adiabat (4) by 1-2 shock overtake: shorten the laser pulse, reduce hydrodynamic growth, simplify pulse-shaping studies
Cone-and-quad split laser pointing: reduce intensity at the hohlraum wall, reduce wall motion, make experiments less 3D

Large Laser Entrance Hole (LEH): reduce sensitivity to target alignment and laser pointing

Truncation of final pulse: limit laser backscatter

Nogk,rowdpE

- Most implosions (~ 40) were posed as single variable sensitivity studies
- All primary design variables were tested (e.g. cone fraction, pulse length, hohlraum radius, etc.)
- Many “tuning shots” were actually repeats
- 1 keyhole was shot 3x at scale 844, 3x at scale 950
- Same target and pulse were compared in keyhole, SymCap, ConA, and DT experiments, 2x

No change in design or strategy for “BF” campaign from 2015 to 2019
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Shots with BigFoot “BF” label in archive

N161205-003-999 SymcapDTHDCS8BF
N171022-002-999 SymcapDTHDCS8BF
N171112-002-999 SymcapDTHDCS8BF
N171120-001-999 SymcapDTHDCS8BF
N181211-001-999 SymcapDTHDCS8BF
N190206-002-999 SymcapDTHDCS8BF
N170831-001-999 SymcapDTHDCS9BF
N150809-001-999 SymcapHDCS8BF
N151221-001-999 SymcapHDCS8BF
N160405-001-999 SymcapHDCS8BF
N160410-001-999 SymcapHDCS8BF
N160414-002-999 SymcapHDCS8BF
N160628-001-999 SymcapHDCS8BF
N160717-001-999 SymcapHDCS8BF
N161006-001-999 SymcapHDCS8BF
N161204-003-999 SymcapHDCS8BF
N181210-001-999 SymcapHDCS8BF
N170330-001-999 SymcapHDCS9BF
N170418-001-999 SymcapHDCS9BF
N170420-002-999 SymcapHDCS9BF

N151005-003-999 ShockHDCS8BF
N151101-001-999 ShockHDCS8BF
N160523-001-999 ShockHDCS8BF
N161115-002-999 ShockHDCS8BF
N170228-002-999 ShockHDCS9BF
N170409-002-999 ShockHDCS9BF
N171016-002-999 ShockHDCS9BF

N160222-001-999 ConvAbl2DHDCS8BF
N161017-001-999 ConvAbl2DHDCS8BF
N161120-002-999 ConvAbl2DHDCS8BF
N170705-002-999 ConvAbl2DHDCS9BF
N170717-001-999 ConvAbl2DHDCS9BF
N190324-001-999 ConvAbl2DHDCS9BF

N160207-002-999 DTHDCS8BF
N161030-001-999 DTHDCS8BF
N170109-002-999 DTHDCS8BF
N190617-001-999 DTHDCS8BF
N190721-002-999 DTHDCS8BF
N170524-002-999 DTHDCS9BF
N171015-001-999 DTHDCS9BF
N171029-002-999 DTHDCS9BF
N171119-001-999 DTHDCS9BF
N180128-002-999 DTHDCS9BF
N180226-001-999 DTHDCS9BF
N180311-001-999 DTHDCS9BF
N180909-003-999 DTHDCS9BF
N180930-001-999 DTHDCS9BF
N190707-002-999 DTHDCS9BF
N190730-001-999 DTHDCS9BF




Shots with HDC ablator before N150809-001-999

N130628-002-999 SymcapDTHDC
N130813-002-999 SymcapHDC
N141019-001-999 SymcapHDC
N141111-004-999 SymcapHDC
N150228-002-999 SymcapHDC
N150301-003-999 SymcapHDC
N150426-001-999 SymcapHDC
N150506-002-999 SymcapHDC
N150128-001-999 SymcapHDC620
N150321-001-999 SymcapHDC620
N140913-002-999 SymcapHDCS8
N150107-002-999 SymcapHDCS8Warm
N150120-002-999 ViewfactorHDCS8
N150120-003-999 ViewfactorHDCS8
N150208-001-999 ViewfactorHDCS8
N150208-002-999 ViewfactorHDCS8

N130310-002-999 ShockHDC
N130705-001-999 ShockHDC
N130804-004-999 ShockHDC
N130807-003-999 ShockHDC
N130916-002-999 ShockHDC
N131202-003-999 ShockHDC
N140116-004-999 ShockHDC
N140603-001-999 ShockHDC
N150223-002-999 ShockHDC620
N150519-002-999 ShockHDC620
N140130-002-999 ShockHDC672
N140429-004-999 ShockHDC672
N140826-002-999 ShockHDCDT672

N130728-003-999 ConvAbl2DHDC
N130811-001-999 ConvAbl2DHDC
N140513-004-999 ConvAbl2DHDC
N140213-003-999 ConvAbl2DHDC672
N140303-003-999 ConvAbl2DHDC672
N140310-001-999 ConvAbl2DHDC672
N140701-002-999 ConvAbl2DHDC672
N140702-001-999 ConvAbl2DHDC672
N140720-002-999 ConvAbl2DHDC672
N140915-001-999 ConvAbl2DHDC672
N130408-002-999 ConvAblWHDC
N130621-002-999 ConvAblWHDC
N150223-001-999 ConvAbIWHDCS8
N150224-002-999 ConvAbIWHDCS8

N131212-001-999 DTHDC
N140722-001-999 DTHDC
N141116-001-999 DTHDC
N150422-002-999 DTHDC
N150429-002-999 DTHDC620
N150625-001-999 DTHDC620
N140926-001-999 DTHDC672

N150326-002-999 CRHDCS8Warm
N140812-001-999 HGRHDC672
N140210-003-999 ReemitHDC
N140522-001-999 ReemitHDC
N140816-001-999 ReemitHDC672
N140916-001-999 ReemitHDC672
N130920-002-999 THDConvAbl2DHDC




Additional shots with HDC ablator after N150809-001-999

N160831-003-999 SymcapDTHDC
N180102-001-999 SymcapHDC
N180705-002-999 SymcapHDC
N180917-003-999 SymcapHDC
N180702-003-999 SymcapHDC620
N190218-002-999 SymcapHDC620E
N190320-001-999 SymcapHDC620E
N190505-002-999 SymcapHDC620E
N180509-001-999 SymcapHDC620I
N180703-002-999 SymcapHDC620I
N180830-003-999 SymcapHDC620I
N181113-001-999 SymcapHDC620I
N190528-001-999 SymcapHDC620I
N160207-001-999 SymcapHDC672
N160725-001-999 SymcapHDC672
N190204-001-999 SymcapHDC700F
N190417-001-999 SymcapHDC700F
N190520-001-999 SymcapHDC700F
N150812-001-999 SymcapHDCS8
N150826-003-999 SymcapHDCS8
N151103-002-999 SymcapHDCS8
N151122-001-999 SymcapHDCS8
N151227-001-999 SymcapHDCS8
N160221-002-999 SymcapHDCS8
N160228-002-999 SymcapHDCS8
N160502-002-999 SymcapHDCS8
N161005-002-999 SymcapHDCS8
N161009-002-999 SymcapHDCS8
N161031-002-999 SymcapHDCS8
N170320-001-999 SymcapHDCS8
N170321-001-999 SymcapHDCS8
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N170427-002-999 SymcapHDCS8
N170511-002-999 SymcapHDCS8
N170927-001-999 SymcapHDCS8
N170927-002-999 SymcapHDCS8
N171008-002-999 SymcapHDCS8
N171009-002-999 SymcapHDCS8
N171010-001-999 SymcapHDCS8
N171212-003-999 SymcapHDCS8
N180103-003-999 SymcapHDCS8
N180117-002-999 SymcapHDCS8
N180305-002-999 SymcapHDCS8
N180305-003-999 SymcapHDCS8
N190219-001-999 SymcapHDCS8
N190324-002-999 SymcapHDCS8
N190325-004-999 SymcapHDCS8
N190327-001-999 SymcapHDCS8
N190327-003-999 SymcapHDCS8
N170201-001-999 SymcapHDCS9
N170205-002-999 SymcapHDCS9
N170206-001-999 SymcapHDCS9
N170417-001-999 SymcapHDCS9
N170702-003-999 SymcapHDCS9
N170731-001-999 SymcapHDCS9
N170925-002-999 SymcapHDCS9
N170926-001-999 SymcapHDCS9

N151020-002-999 ShockHDC
N170809-001-999 ShockHDC
N170919-001-999 ShockHDC
N150901-003-999 ShockHDC620
N180501-002-999 ShockHDC620
N180410-001-999 ShockHDC620I
N180530-001-999 ShockHDC620I
N190311-001-999 ShockHDC620I
N190106-003-999 ShockHDC640E
N190214-001-999 ShockHDC640E
N160419-001-999 ShockHDC672
N151004-005-999 ShockHDCS8
N160110-002-999 ShockHDCS8
N160114-003-999 ShockHDCS8
N160131-001-999 ShockHDCS8
N160724-005-999 ShockHDCS8
N160921-002-999 ShockHDCS8
N170119-001-999 ShockHDCS9

N180523-003-999 ShockHDCS9
N190514-002-999 ShockHDCS9

N190625-002-999 ConvAbl2DHDC620E
N190423-001-999 ConvAbl2DHDC620I
N151122-003-999 ConvAbl2DHDCS8
N151123-001-999 ConvAbl2DHDCS8
N160119-003-999 ConvAbl2DHDCS8
N160627-001-999 ConvAbl2DHDCS8
N160816-001-999 ConvAbl2DHDCS8
N161024-001-999 ConvAbl2DHDCS8
N170419-001-999 ConvAbl2DHDCS9
N190505-001-999 ConvAbl2DHDCS9

N190217-001-999 DTHDC620I
N151007-001-999 DTHDC672
N151102-001-999 DTHDCSS8
N160120-003-999 DTHDCSS8
N160223-001-999 DTHDCSS8
N160313-001-999 DTHDCSS8
N160418-001-999 DTHDCSS8
N161023-002-999 DTHDCSS8
N161113-001-999 DTHDCSS8
N170226-001-999 DTHDCS8
N160421-002-999 DTHDCS8WF
N160626-004-999 DTHDCS8WF
N161204-001-999 DTHDCS8WF
N170601-002-999 DTHDCS9
N170821-002-999 DTHDCS9
N170827-002-999 DTHDCS9
N171106-001-999 DTHDCS9
N171218-001-999 DTHDCS9
N180218-001-999 DTHDCS9
N180317-001-999 DTHDCS9
N180422-002-999 DTHDCS9
N180605-002-999 DTHDCS9
N180625-001-999 DTHDCS9
N180723-001-999 DTHDCS9
N180827-002-999 DTHDCS9
N181014-002-999 DTHDCS9
N181028-001-999 DTHDCS9
N190120-001-999 DTHDCS9




continued

N180520-002-999 THDCBIHDCSS8
N190630-003-999 THDConvAbIHDCS8
N190521-002-999 THDConvAbIHDCS9
N180701-001-999 THDCRHDCS8
N180920-002-999 THDCRHDCS8
N190428-001-999 THDCRHDCS8
N180114-001-999 THHDCSS8
N180303-001-999 THHDCS8
N190128-001-999 THHDCS8

N160403-003-999 HGRHDCS8
N160413-001-999 HGRHDCS8
N170126-001-999 HGRHDCS8
N170202-001-999 HGRHDCS8
N170424-003-999 HGRHDCS8
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Shots with “HF” label in archive

N180130-001-999 Symcap672S9HF N160504-001-999 Shock672UHF N150826-002-999 ConvAbl2D672HF N150222-003-999 ConvAblWBeHF
N180619-002-999 Symcap672S9HF N151006-002-999 ShockBe672HF N151103-005-999 ConvAbl2D672HF N130409-001-999 ConvAbIWHF
N181018-001-999 Symcap672S9HF N160720-002-999 ShockBe672S7HF N160202-004-999 ConvAbl2D672HF N140601-001-999 ConvAbIWHF
N190226-002-999 Symcap672S9HF N170103-002-999 ShockBe672S8HF N160302-003-999 ConvAbl2D672HF N150512-001-999 ConvAbIWHF
N190610-003-999 Symcap672S9HF N170118-002-999 ShockBe672S8HF N170706-001-999 ConvAbl2D672HF
N171227-001-999 SymcapBe672HF N170410-001-999 ShockBe672S8HF N170917-001-999 ConvAbl2D672HF N151020-003-999 DT672HF
N170327-002-999 SymcapBe672S8HF N150325-002-999 ShockBeHF N180129-001-999 ConvAbl2D672HF N151111-002-999 DT672HF
N170406-003-999 SymcapBe672S8HF N150510-002-999 ShockBeHF N170205-001-999 ConvAbl2D672S9HF N160411-001-999 DT672HF
N170503-003-999 SymcapBe672S8HF N160111-001-999 ShockBeHF N170228-001-999 ConvAbl2D672S9HF N160602-001-999 DT672HF
N170530-002-999 SymcapBe672S8HF N130410-001-999 ShockDTHF N151220-001-999 ConvAbl2D672UHF N160908-001-999 DT672HF
N171226-002-999 SymcapBe672S9HF N151025-002-999 ShockDTHF N151229-002-999 ConvAbl2DBe672HF N170328-002-999 DT672S9HF
N121130-001-999 SymcapHF N160110-001-999 ShockDTHF N160831-001-999 ConvAbl2DBe672HF N170813-001-999 DT672S9HF
N130108-001-999 SymcapHF N121023-001-999 ShockHF N160728-001-999 ConvAbl2DBe672S7HF N171022-001-999 DT672S9HF
N130403-002-999 ViewFactorHF N121102-002-999 ShockHF N160717-003-999 ConvAbl2DBe672S8HF N171210-001-999 DT672S9HF
N130404-001-999 ViewFactorHF N130122-004-999 ShockHF N170220-004-999 ConvAbl2DBe672S8HF N180204-003-999 DT672S9HF
N130214-002-999 ShockHF N170227-001-999 ConvAbl2DBe672S8HF N190415-004-999 DT672S9HF
N150531-003-999 Shock672HF N130521-003-999 ShockHF N170314-001-999 ConvAbl2DBe672S8HF N190422-001-999 DT672S9HF
N150622-001-999 Shock672HF N130726-002-999 ShockHF N170315-002-999 ConvAbl2DBe672S8HF N190527-001-999 DT672S9HF
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