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The primary objective of the NIF Gamma Reaction History (GRH) diagnostic is to 
provide bang time and bum width information in order to constrain implosion 
simulation parameters such as shell velocity and confinement time. This is 
accomplished by measuring DT fusion gamma-rays (DTy, and HTy in THD implosions) 
with energy-thresholded Gas Cherenkov detectors that convert MeV gamma-rays into 
UY/visible photons for high-bandwidth optical detection. Timing reference relative to 
the laser pulse is provided by laser-induced x-rays generated from a silver foil placed at 
target chamber center. For these "timing shots", the GRH is operated with an x-ray 
sensitive scintillator in place of the gamma-to-electron convertor. The x-rays provide a 
"to" from which to calibrate optical timing fiducials which are injected directly into the 
GRH optical path before the PMT. Directly-driven DT exploding pushers are used for 
in-situ cross-calibration of the detector response against independent neutron yield 
measurements. In this way, gamma-rays can be used to make Total DTn Yield 
inferences on indirectly-driven, cryogenically-layered implosions which achieve high 
areal density and hence scatter a significant fraction of DTn out of the 14 MeV primary 
peak. In addition, the four GRH detectors can perform thresholded y-ray spectroscopy to 
explore other nuclear processes from which additional significant implosion parameters 
may be inferred (e.g" plastic ablator areal density). Implementation is occurring in 2 
phases: 1) four PMT -based channels mounted to the outside of the NIF target chamber 
at ~6 m from TCC (GRH-6m) for the 3e13-3eI6 DT neutron yield range expected 
during the early ignition-tuning campaigns; and 2) several channels located just inside 
the target bay shield wall at ~ 15 m from TCC (GRH-15m) with optical paths leading 
through the wall to well-shielded streak cameras and PMTs for the le16-1e20 yield 
range expected during the DT ignition campaign. This suite of diagnostics will allow 
exploration of interesting y-ray physics well beyond the ignition campaign. Recent data 
from OMEGA and NIF will be shown. 
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Unique conditions achievable at NIF open new avenues of 
investigation for nuclear science - Nuclear Plasma Science 

, 

Hot/Dense 
Plasma 

kbT= 1-20 keV 

t - 1-10 ns eq 

Neutronic couplingl 
excited states 

~ , -
High Neutron 
Brightness 
Tint - 100 ps 

r Plasma~u 
~ ~ .,': T~:::~; ~.: 

ea'r 'coupling -J 
~ Ir.(~f)kC\ 
'-' 1/111'111 

Q,j 

~ ~ 169Tm 

= = -.. .... 
.zg ~ ... 
~ 
~ 
~ 

!, ! If, II , t .1--1....1 I ~ 

Temperature (keV) 

TOUI 
RwJ'lIti,,~ 
~FF..r 

NF.F.T 

'".Ii''' 

A rp-process 

1 !O I. \ nJ/.siI_" \-

~ N 
Nucleosynthesis 

Bill Goldstein, LLNL 
Nuclear Science Panel 

NIF Users Wkshp 
DC, May 2011 4 



Summary 

• Gamma-Rays provide the opportunity to measure: 
• Fusion Reaction History 

- Bang-Time & Burn-Width 

• Yields of various nuclear reactions from which to infer: 
Plastic Ablator Areal Density (pR) 

Total DT neutron yield 

• ICF Gamma-Ray Diagnostics: 
• are now operating on both 

OMEGA & NIF 

• provide fertile ground for HEDP 
& Nuclear Plasma Science 
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Outline 
• Intro 

• Fusion Reaction History 

• y-Ray Gas Cherenkov Detectors 
• Gamma Reaction History Diagnostics (GRH-6m) on NIF 

• NIF "(-ray Measurements 
• Timing Calibrations 
• Reaction History (Bang Time & Burn Width) 
• Gamma-ray Spectrum & Yields 

• Future Directions & Summary 
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Outline 
• Intro 

• Fusion Reaction History 

• y-Ray Gas Cherenkov Detectors 
• Gamma Reaction History Diagnostics (GRH-6m) on NIF 

• NIF y-ray Measurements 
• Timing Calibrations 
• Reaction History (Bang Time & Burn Width) 
• Gamma-ray Spectrum & Yields 
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UNCLASSIFIED 

Fusion Reaction History can be determined through time-resolved 
measurements of escaping fusion products NIF 
--------------------------------------------------~~~-· ~--~-· --F~~-- U 

Doppler no escape 
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• Bang Time - used to establish 
laser energy coupling to target 
(shell velocity) 

• Burn Width - used for failure 
mode correlation 

Slide 8 

U1A • • W~~~ 
//IIVA."~~ 



UNCLASSIFIED 

Why use a Gas Cherenkov Detector (GCD)? 
NIF 

-----------------------------------------------------------------------~~----~---- o n.. Nota.w~~ 
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For NIF, GRH diagnostics have been optimized to measure y-rays 
outside the chamber 

NIF 
-------------------------------------------------------------------------------.. ~.~ ... -•. ~ ... ~~-~----- ~ 

1 of 4 channels shown 
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GRH-Sm & NIF Target Chamber Diagnostics NIC 
I The N ational Ignitio n Campaign 
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Outline 
• Intro 

• Fusion Reaction History 

• y-Ray Gas Cherenkov Detectors 
• Gamma Reaction Historv Diaanostics (GRH-6m) on NIF 

• NIF y-ray Measurements 
• Timing Calibrations 
• Reaction History (Bang Time & Burn Width) 

• Gamma-ray Spectrum & Yields 

• Future Directions & Summary 
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GRH-6m Impulse Response Functions 
used in Deconvolution 

LA-UR 10-07461 

Simulated Gas Cell 
Impulse Response 
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X-ray timing pulse is used to absolutely time laser 
timing fiducials 
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Gamma Reaction History (GRH) diagnostic temporally 
resolves fusion & n-induced y-Rays (n-y) 
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Various Bang Time Diagnostics are in good agreement 
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OT Gamma-Ray Spectrum has been mapped out with 
threshold scans (C. Horsfield, O.Tu_C.8) 
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14 MeV neutron-induced y-Rays from CH Capsule & 
Hohlraum assembly are simulated in MCNP 

Prompt y-Ray Temporal History 
8T +~ ns, 8(t=O) 14 MeV n-source 
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The Prompt y-Ray Energy Spectrum from Indirect­
Drive, Cryo-Layered Implosions is complicated! 
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Neutron captures in fuel D & ablator 12C 

generate high-energy y's essentially 
synchronously with fusion reaction history 

Kilkenny-NNSA Ignition Review Panel, October 18-18, 2010 21 



GRH isolates DT fusion y-rays {& "synchronous" y-rays 
well at high threshold (10 MeV) 
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GRH integrated signal has several pR dependencies 
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y-Ray Spectrum is beginning to emerge through GRH 
Energy-thresholding 

Cryo-Iayered THD Data 
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- Gamma Reaction History Diagnostics (GRH-6m) on NIF 

• NIF y-ray Measurements 
- Timing Calibrations 
- Reaction History (Bang Time & Burn Width) 
- Gamma-ray Spectrum & Yields 

• Future Directions & Summary ] 
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Summary 

• Gamma-Rays provide the opportunity to measure: 
Fusion Reaction History 

• Bang-Time & Burn-Width 

Yields of various nuclear reactions from which to infer: 
• Plastic Ablator Areal Density (pR) 

• Total DT neutron yield 

• ICF Gamma-Ray Diagnostics: 
are now operating on both 
OMEGA & NIF 

provide fertile ground for HEDP 
& Nuclear Plasma Science 
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Additional ICF Gamma-Ray Presentations 

• This Session: 
• Colin Horsfield (AWE)- DT Fusion Gamma Spectrum 

• Yongho Kim (LANL)- DT yIn Branching Ratio 

• Nelson Hoffman(LANL)- Plastic Ablator Areal Density 

• Poster Session V: Wednesday, 9:30 AM 
• NP9.00163: Mike Rubery (AWE)- GRH Geant4 simulations and 

calibrations at HlyS 
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GRH-6m began operation in FY10 for THO Tuning Campaign 
GRH-15m planned for Ignition 

GRH-6m 
(P~T) 

Optical Detectors 

side view 
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Si02 Exploding Pushers used to establish DTn Yield 
Cross-Calibration 

• Exploding Pusher DTn Yield 
Cross-calibration done at high 
threshold (10 MeV), thin Si02 
capsule, to minimize capusle 
n-y signal contamination 
uncertainty 
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• Higher yield will allow 
operation at higher threshold 
(12 MeV) for better cross-cal 1 1 i~~ 

• Validation of MCNP models in 
progress 
- Known pR "Pucks" near TCC 
- Acclerator-based 

measurements 
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Energy Thresholding enables isolation of DT fusion 
gammas from lower energy neutron-induced gammas 

- Exploding Pushers used to 
cross-calibrate g-signal to DTn 
yield 
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