Transport Simulations for
Fast Ignition on NIF

D. J. Strozzi, M. Tabak, D. P. Grote, B. I. Cohen,
H. D. Shay, R. P. J. Town, A. J. Kemp, M. Key
Lawrence Livermore National Laboratory
7000 East Avenue, Livermore, CA 94550, USA

Talk NO5.00005
APS-DPP 2009 Meeting
Atlanta, GA, USA

4 November 2009

This work performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract DE-AC52-07NA27344. Partially supported by
LDRD funds, tracking number 08-SI-001. Release number: LLNL-CONF-418747.

D. J. Strozzi: APS 2009; p. 1



We simulate fast ignition relevant electron beam transport in compressed
plasma for future experiments on NIF-ARC

* Modeling with implicit PIC using LSP code.

* Results for NIF-ARC generated e-beam parameters:
— role of B field: increases coupling considerably
— background materials: pure D vs CD: surrogacy of warm plastic to cryogenic target
— electron beam temperature and divergence angle

Electron beam based on short-pulse
Profiles from rad-hydro for cone-guided, laser specs for one quad of NIF-ARC
indirect-drive fast ignition on NIF with FIDO optics upgrade
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We excite an electron beam, based on current ARC laser specs

Electron beam intensity profile electron beam distribution: f_(E,B8) = F(E)*F4(6)
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NIF-ARC “base case” run: pure D plasma, T, ,=2.5 MeV, A0 =30 deg.
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NIF-ARC base case run: energetics
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r[pm]

NIF-ARC base case run: heating: lots in low-density region (Ohmic

plus collisional)
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Initial peak pressure: 38 Gbar.

Imaging of K-alpha fluorescence will show local pressure rise in experiments.
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NIF-ARC base case run: magnetic fields: filaments form in excitation

region; pinching field due to beam profile

Azimuthal B [log scale], t =3 ps
80_|||||I||||I||||I||||I||_ 20 MG

~Blue -> radial pinching - 6

r[um]

Azimuthal B [log scale], t =7 ps
80_|||||I|.|||I|'|||I||||I|,_ 40 MG
) ] i

6
4
2
0

—2

|
0 50 100 150 200 -40 MG
z [um]

Electron beam forward current [A/cm?]

60—: — 4
— - L 2
c _ L
2 40- —| o
— - L 2

20— N ~4

- S o -

0—||||||||i|'||||||—

0 50 100 150 200 -20 MG

z [um]
80 Lol bl
rho =100 g/cc

60
e
= 40

20

I'||||'I:LI|
0 50 100 150 200
z [pm]

r [um]

60

40

20

0 50 100 150 200
z [um]

D. J. 3Trozzi: Ar> ZUUY; p. 7



NIF-ARC runs: Magnetic fields improve coupling; plastic (CD)
improves coupling by increasing resistive B fields
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NIF-ARC runs: coupling best at T, , <~ 1 MeV *for this target*

Beam energy fraction in coupling region
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NIF-ARC runs: Increased beam angular divergence
reduces coupling

Beam energy fraction in coupling region F,= 2 sind By, ; Fo, = dN/AQ ~ exp[-(6/A6)’]
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Summary and future prospects

e We are designing a full hydro-scale cone-guided, indirect-drive Fl coupling
experiment, for NIF, with the ARC-FIDO short-pulse laser.

e Current rad-hydro designs with limited fuel jetting into cone tip are not yet
adequate for ignition. Designs are improving.

Electron beam transport simulations (implicit-PIC LSP) show:

 Magnetic fields and smaller angular spreads increase coupling to ignition-relevant
“hot spot” (20 um radius).

 Plastic CD (for a warm target) produces somewhat better coupling than pure D
(cryogenic target) due to enhanced resistive B fields.

* The optimal T, for this target is ~ 1 MeV; coupling falls by 3x as T, ., rises to 4 MeV.
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Hybrid PIC code LSP'2 can model larger, more dense
plasmas for longer times than explicit PIC

* We run LSP for “core transport” with:
— An implicit particle push and electromagnetic field solution:
Numerically damps fast oscillations like light waves and plasma waves when
At >> Woaema ™ Wighe s AX>> Apoper Njghe:
— Background plasma of “fluid” particles (carry temperature, internal energy).
— Inter-and intra-species collisions with Spitzer, Lee-More-Desjarlais, or other rates.
— Fast electron stopping and angular scattering formulas of J. R. Davies.
— Energy loss off bound electrons.
— R-Z cylindrical geometry.
— Fixed ionization states, ideal gas EOS.

 We are currently working on:
— Angular scattering off partially ionized ions.

— Time- and space-dependent ionization: available in official LSP version 9.1.
— Non-ideal EOS: in LSP 9.1.

ID. R. Welch, et al, Phys. Plasmas 13, 063105 (2006); D. J. Strozzi et al, IFSA 2009 Proceeding.
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Spatial grid-based algorithm for energy loss and angular
scattering of fast electrons off background plasma

* Grid-based algorithm: test particles off field particles; field density, drift, temperature
found on each spatial grid cell.

* Spherical momentum coordinates like Lemons': Manheimer? presented similar method
in Cartesians with drag and diffusion.

e Collisions of background plasma off fast electrons: updating background energy and
momentum in each cell to conserve what the fast electrons lost.

Momentum change in one timestep:

. stochastic heating: neglected here - - -
deterministic (zero for cold bkgd) U =Uo + AU
slowing down

Ay =l—‘_\—VﬁAl‘ N [V(SAI]I/ZNM /@7 >;t0

stochastic angular

A0 = [V)/At I'"N 0 scattering U= yﬁ in drift frame
Ap=2m- U¢ < random azimuth

N = normal deviate, mean O variance 1
U = uniform deviate fromOto 1

1. Lemons et al., Journ. Comp. Phys. 228, 1391 (2009)

2. W. Manheimer et al, Journ. Comp. Phys. 138, 563 (1997) D. J. Strozzi: APS 2009; p. 13



Energy loss and angular scatter: Davies-Solodov formulas
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Electron beam source distribution from a 3D explicit PIC calculation
by A. J. Kemp

Run ‘point 3.4’:

* 3D run over small volume

e Laser linearly polarized iny

* Immobile ions — no profile modification
* Peak laser intensity 5E19 W/cm?

field energy density at 440.675 fs
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Kemp PIC run electron source: “two-temperature” energy spectrum;
transversely somewhat isotropic

Number Distribution Energy Distribution
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