Studying ICF & HED Physics at NIF, OMEGA & Z
using MIT-developed nuclear diagnostics & platforms

Richard Petrasso, for the zT team SSAP, Feb 17th 2016



MIT graduated the first four PhDs that used NIF data in theses
— All have joined National Labs/LLE

MIT neutron spectrometer
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NIF director Mark Herrmann met last month with MIT students
to discuss their diagnostic & platform work on the NIF
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This talk will focus on student work,

which will be presented at this evening’s poster session by the students
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Outline

I.  MIT research and platform development at NIF, OMEGA and Z
---Student research is featured

Il. Utilization of the MIT proton-backlighter platform
for NNSA-sponsored Programs/Pls at OMEGA and the NIF

Ill. OLUG: 8t OMEGA Laser Users Group workshop 27-29 April
(wonderful setting for student-postdoc interactions)



Outline

I.  MIT research and platform development at NIF, OMEGA and Z
---Student research is featured



Students develop and test MIT diagnostics at the MIT HEDP

Accelerator Facility before fielding at NIF, OMEGA & Z
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At NIF, MIT diagnostics precisely measure
bang times and areal densities at shock & compression
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High temporal precision is achieved by
measuring both shock and compression times on a single diagnostic

See posters: H. Sio NLUF-10,
2/11/2016 B. Lahmann HEDP-24



At NIF, MIT diagnostics precisely measure
bang times and areal densities at shock & compression
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See posters: H. Sio NLUF-10,
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At NIF, MIT diagnostics precisely measure

_bang times and areal densities at shock & compression

NIF surrogate shot N151221
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See poster: H. Sio NLUF-10

See poster: B. Lahmann HEDP-24
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At NIF, MIT diagnostics precisely measure

_bang times and areal densities at shock & compression

NIF surrogate shot N151221
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See poster: H. Sio NLUF-10
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At NIF, MIT diagnostics precisely measure

_bang times and areal densities at shock & compression

NIF surrogate shot N151221
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At Z, NIF and OMEGA: MIT is developing a neutron
spectrometer to measure DD neutron yields and spectra

CR-39 records recoil protons from n,p elastic scattering in a CH foil
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This will be used to measure Yield, T,,, and pR asymmetries
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To study ICF physics at the NIF, MIT is developing a time-
resolved neutron spectrometer called MRSt for yield, T, and pR
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See poster: C. Wink HEDP-06



To study kinetic/multi-ion effects at OMEGA, multiple nuclear burn
histories are obtained with high precision on a single diagnostic

Hong Sio
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See poster: H. Sio NLUF-10

15



To study kinetic/multi-ion effects at OMEGA, multiple nuclear burn
histories are obtained with high precision on a single diagnostic

Hong Sio
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To study kinetic/multi-ion effects at OMEGA, multiple nuclear burn
histories are obtained with high precision on a single diagnostic
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Outline

Il. Utilization of the MIT proton-backlighter platform
for NNSA-sponsored Programs/Pls at OMEGA and the NIF



The mono-energetic D3He-proton backlighter platform is
used to probe HED plasma phenomena at OMEGA and NIF

Charged-particle HED plasma Imaging
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See poster: g
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The mono-energetic D3He-proton backlighter platform is
used to probe HED plasma phenomena at OMEGA and NIF
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The mono-energetic D3He-proton backlighter platform is
used to probe HED plasma phenomena at OMEGA and NIF
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MIT is using the proton backlighter platform to support many
NNSA-sponsored experiments/Pls at OMEGA and NIF

OMEGA

* Astrophysical shocks (LLNL, Princeton, ... —Huntington, Park, Spitkovsky et al.)
* Magnetized ICF (LLE — Chang, Betti et al.)

* Colliding jets (U. Mich — Drake, Young, Kuranz et al.)

* Magnetized Hohlraums (LLNL — Pollock et al.)

e MCLSW (LLNL - Pollock et al.)

» Astrophysical shocks (Rice, U. Mich — Hartigan, Kuranz et al.)

* Magnetic dynamos (Oxford, U. Chicago, U. Wisc, LLNL — Gregori, Lamb, Forest,
Park et al.)

Stopping power (LANL - Zylstra et al.)

Kinetic shock (LLNL — Rinderknecht et al.)

<

F

Collisionless shock (Osaka, LLNL, ... - Sakawa, Park et al.)
Turbulent Dynamos (Oxford, ... - Gregori et al.)

* Stopping power (LANL, LLNL, MIT - Zylstra, Rygg et al.)

* Fields in Hohlraums (MIT, LLNL - Li et al.)

* Kelvin-Helmholtz mix experiments (LANL - Flippo et al.)
* Reconnection (Princeton — Fox et al.)




OMEGA example: A proton backlighter was used to study the
astrophysical phenomenon of interpenetrating plasma flows

C. Huntington et al., Nature Physics (2015):
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Magnetic field generation via the Weibel instability was observed in these experiments

E + Univ. Michigan, Oxford, Osaka, Princeton U., MIT......
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MIT is using the proton backlighter platform to support
many NNSA experiments at OMEGA and the NIF

<

F

Collisionless shock (Osaka, LLNL, ... - Sakawa, Park et al.)
Turbulent Dynamos (Oxford, ... - Gregori et al.)

* Stopping power (LANL, LLNL, MIT - Zylstra, Rygg et al.)

* Fields in Hohlraums (MIT, LLNL - Li et al.)

* Kelvin-Helmholtz mix experiments (LANL - Flippo et al.)

* Reconnection (Princeton — Fox et al.)
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Mono-energetic proton backlighting is being used for
Programmatic and Discovery Science Experiments on the NIF
today and tomorrow

Backlighter
HDC wafer WRF
i I ;;r—oic;ns Spectrometer
DHe\ .- T
iy S Polar DIM
¢ Jﬂ ------------- oS e
- Spectrometer
Stopping power Turbulent Dynamo
Zylstra, Rygg et al. Gianluca Grigori et al.
LANL & LLNL Oxford University ...
(15 feb 2016) (18 feb 2016)
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More NIF Discovery Science Experiments will explore
collisionless shocks and magnetic reconnection

Detector

Detector

Back-

Collisionless shock Magnetic reconnection
Sakawa, Hye-Sook Will Fox et al (Princeton,..)
Park et al (2017)

(Osaka,LLNL,...)
(June 2016)
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Outline

IIl. OLUG: 8" OMEGA Laser Users Group workshop 27-29 April
(wonderful setting for student-postdoc interactions)



About 50 students and postdocs will receive travel assistance
to attend Omega User's workshop 27-29 April 2016

2015 Workshop

Thanks to NNSA, financial support for student and postdocs is
available (contact R. Petrasso or R. Mancini)
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From 3 poster sessions, Awards will be given
to the outstanding student-postdoc posters

e

A student-post “jobs fair” happens on last day, 29 April 2016.

2/11/2016
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Studying ICF & HED Physics at NIF, OMEGA & Z
using MIT-developed nuclear diagnostics & platforms

Richard Petrasso, for the zT team SSAP, Feb 17th 2016
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MIT-led NIF Discovery Science experiments will use shock-driven
Implosions to probe nuclear reactions relevant to Stellar Nucleosynthesis

Excellent preliminary WRF proton
spectrometer data from Omeqga:

3SHe+3He-proton spectrum
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See poster: M. Gatu Johnson HEDP-23
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At NIF: Multiple proton spectrometers are routinely fieldedf’_
on implosions, allowing for pR-asymmetry measurements
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A. B. Zylstra et al. Physics of Plasmas 22, 056301 (2015)

See poster: B. Lahmann HEDP-24



The National Implosion Stagnation Physics (NISP) effort

——

Johan Frenje 2016 Stewardship Science Academic Programs Symposium
Massachusetts Institute of Technology Bethesda, MD, February 17-18




