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ÁThis deck provides basic information on what each diagnostic does, basic technologies, 
classified data acquisition capability, capable yields, and general concerns/issues

ÁFor contacting the owners of each diagnostic consult the Unified Hierarchy of Systems (USH)
τ Located in LoCoSUSH : see right image
τ RSE = SM
τ RS = Responsible Scientist
Example:

Short summaries of all NIF target diagnostics 

ÁContents:
τ Nuclear
τ X-Ray
τOptical
τMRE (Materials & Radiation Effects)

Load Tag Description SM

Responsible 

Scientist

USH.NIF.DIAG.DISC DIM Imaging Streak Camera

Boyle, Dusty T. 

(boyle10)

Khan, Shahab 

(khan9)

https://nifit.llnl.gov/nifadmin/ushSearch.action?6578706f7274=1&d-16568-e=2&d-16568-p=1
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ÁPurpose and importance: Measure time-integrated 
neutron spectra (DT and DD yield, ion temperature, down-
scattered ratio (DSR), hot spot velocity) along 5 
independent lines-of-sight
τ Spectral fits are automatically generated and reported on the 

neutron working pages for each shot. Sometimes this is 
supplemented or replaced with offline analysis.

ÁBasics of the technology: Time-of-flight separates 
neutrons with different energies. Neutron signal is 
recorded by detectors looking at scintillators and 
Cherenkov light in quartz rods. 

ÁFrequency of use: Weekly

ÁClassified data acquisition: No

ÁEstimated yield limit: 40 MJ, ~1.4e19 neutrons (after April 
2025 upgrade)

ÁStanding Meeting: Tuesday, 10am. Hybrid, B481 R2083

Neutron Time-of-Flight (nToF) SPECs

nToF a.k.a. Distance Angle/Port

Spec-NP North Pole 21 m (18°, 303°)

Spec-PL Plenum 24 m (63°, 70°)

Spec-SE Equator 20 m (90°, 174°)

Spec-SA Alcove 20 m (116°, 316°)

Spec-SP South Pole 18 m (161°, 56°)

Components of each nToF, from TCC radially outward
(1) Port collimator on the chamber
(2) Manual neutron filters (high yield upgrade, Apr. 2025)
(3) Clean-up collimator through Target Bay walls (except SP)
(4) Scintillator & 4 detectors (3 x PMT, photodiode)
(5) Quartz rod & PMT for Cherenkov-detection

SPEC-NP
(18-304)

SPEC-A
(115-315)

SPEC-SP
(161-57)

SPEC-E
(90-175)

SPEC-PL
(63-70)

Clean-up 
Collimator

Scintillator & 
detectors

Cherenkov quartz 
detector (QCD)

SPEC-PL

Select Papers:  Overview of nTOF in ICF (2025)
NIF nTOF Analysis (2015)
NIF nTOF Original Design (2010)

https://doi.org/10.1063/5.0133655
https://doi.org/10.1063/1.4935455
https://doi.org/10.1063/1.4935455
https://doi.org/10.1063/1.4935455
https://doi.org/10.1063/1.3492351
https://doi.org/10.1063/1.3492351
https://doi.org/10.1063/1.3492351
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ÁLocation: 
τ (90,315) LOS NIS1 cameras & CNXI1 image plate stack
τ (90, 213) LOS includes NIS3 cameras & CNXI3 and NIS3 image plate 

stack.
τ (005, 225) LOS includes NIS2 a.k.a. NIS NP image plate stack

ÁPurpose and importance: Source shape for primary neutrons, 
down-scattered neutrons, and gamma-rays. NIS teams 
support:
τ All basic calibration data and image corrections.
τ Image reconstructions for all data. 3D reconstruction when possible.

ÁBasics of the technology: Thick aperture imaging with gated 
scintillator and image plate detectors

ÁFrequency of use: Weekly

ÁClassified data acquisition: No, under consideration

ÁEstimated yield limit: 20 MJ, 7.1E18 DT neutrons

ÁConcerns/issues: FY25 Upgrades in process for some 
subsystems to meet estimated yield limit

Nuclear Imaging Systems(NIS)

Papers: Aperture Imaging& Reconstruction   

https://doi.org/10.1063/5.0124074
https://pubs.aip.org/aip/rsi/article/85/2/023508/356419/Neutron-source-reconstruction-from-pinhole-imaging
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ÁLocations: LOS 90-315 inside DIM 90-315 & LOS 90-213 
at chamber port (with NIS aperture on 90-124)

ÁPurpose and importance: Co-linear energy-integrated 
neutron and x-ray images. 

ÁBasics of the technology: x-ray and neutron apertures 
(NIS1 & NIS3) held inside chamber with x-ray and 
neutron image plate stacks inside the vacuum.

ÁFrequency of use: ~weekly on average

ÁClassified data acquisition: NO

ÁEstimated yield limit: Currently ~1E17 neutrons; 
upgrades under wayto increase to 30 MJ for energy-
integrated neutron images.

ÁConcerns/issues: x-ray foils are subject to damage if 
not protected by SST blast window above 1E17.

CNXI

Links to papers
https://doi.org/10.1063/1.4962194
https://doi.org/10.1063/1.4918285
https://doi.org/10.1063/1.4891101 

https://doi.org/10.1063/1.4962194
https://doi.org/10.1063/1.4918285
https://doi.org/10.1063/1.4891101
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TestBed (TBED) - Nuclear Diagnostics

Á Location: NIF Alcove line-of-sight at 116-316, at ~27 m from 
TCC.

Á Purpose and importance: Prototyping of new detector 
concepts, field testing, troubleshooting existing detectors, and 
investigation of discrepancies in measurements.

Á Basics of the technology: The TestBed is an elevated optical 
breadboard that is aligned to TCC at ~27 m along a collimated 
line-of-sight. The TestBed has the infrastructure to support 
multiple detectors including high voltage cables, signal and 
trigger cables, optical fibers, oscilloscopes, delay generators, 
and high and low voltage power supplies, enabling flexible 
and rapid testing.

Á Frequency of use: weekly

Á Classified data acquisition: no

Á Estimated yield limit (MJ & neutrons):>1E18 DT neutrons.

Á Concerns/issues: NA

(n,‎) beam
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ÁLocation: Level Target Bay 3, Port (64ϲ,32ϲ)

ÁPurpose and importance: Measure nuclear bangtime, burnwidth and 
burn history 
τ Bangtime feed-in to P1 flow inference 
τ Other values: shell ”Ὑ, shell timing, DT, HT gamma inferred yield, ARC MeV 

spectra

ÁBasics of the technology: DT fusion gamma rays into a Gas Cherenkov 
detector, uses a pulsed-dilation PMT for fast (~10 ps) response

ÁFrequency of use: ~Weekly - All DT, HT, ARC shots ~50 per year

ÁClassified data acquisition: Not currently, interested in potential 
future use 

ÁEstimated yield limit: Has measured ~5MJ w/ ~20% broadening, steps 
can be done for lower broadening at higher yield

ÁConcerns/issues: Needs calibration of PD-PMT, background and space 
charge problems at higher yields

Gamma Reaction History (GRH)

Overview: Y. Kim, H. Herrmann PoP Ψно https://doi.org/10.1063/5.0126969 
Burnwidth: Y. Kim et al., PoP Ψно https://doi.org/10.1063/5.0146704 
PD-PMT: H. Geppert-YƭŜƛƴǊŀǘƘ Ŝǘ ŀƭΦΣ I95 tƘȅǎΦ Ψнл https://doi.org/10.1016/j.hedp.2020.100862
Carbon ”ὙΥ aŜŀƴŜȅ Ŝǘ ŀƭΦΣ tƘȅǎΦ wŜǾΦ 9 Ψнл  https://doi.org/10.1103/PhysRevE.101.023208
DT yield: Meaney et al., PoP Ψнм https://doi.org/10.1063/5.0055846 

PMTD+T 5He*

~1

~4e-5

n (14.1 MeV)

5He + g (16.75 MeV)

+ Ŭ (3.5 MeV)

https://doi.org/10.1063/5.0126969
https://doi.org/10.1063/5.0146704
https://doi.org/10.1016/j.hedp.2020.100862
https://doi.org/10.1103/PhysRevE.101.023208
https://doi.org/10.1063/5.0055846
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Outside of target chamber

Á Location: Port (77,324) (line-of-sight angle 73,324)

Á Purpose and importance: Measures neutron spectra to infer DT 
neutron yield, Tion and DSR (primary purpose). Can also measure TT 
ǎǇŜŎǘǊŀ ƻƴ ¢I5 ǎƘƻǘǎ ŀƴŘ Ǌǳƴ ƛƴ άƴƻ Ŧƻƛƭ ƳƻŘŜέ ŀǎ ŀ ŎƘŀǊƎŜŘ ǇŀǊǘƛŎƭŜ 
spectrometer.

Á Basics of the technology: Magnetic Recoil: Neutron-to-deuteron 
conversion in plastic foil, recoil deuterons momentum separated in 
permanent magnet, deuteron spectrum reconstructed based on 
position on detector array. Detector CR-39 processed offline in 
etch/scan lab after a shot.

Á Frequency of use: ~biweekly on average

Á Classified data acquisition: NO

Á Estimated yield limit: Currently 6 MJ & 2e18 neutrons; upgrades 
under wayto increase to 30 MJ

Á Concerns/issues: Paddles that protect/hold conversion foil (foil 
holder + blast shield) currently only rated to 10MJ; upgrade in 
process

Magnetic Recoil Spectrometer (MRS)

Links to papers
https://doi.org/10.1063/5.0099317
http://dx.doi.org/10.1063/1.4959946
http://dx.doi.org/10.1063/1.4802810  
http://dx.doi.org/10.1063/1.4886418 
http://dx.doi.org/10.1063/1.4796042 
https://doi.org/10.1063/1.3304475

Inside target chamber

Foil holder
Blast 
shield

Foil

https://doi.org/10.1063/5.0099317
http://dx.doi.org/10.1063/1.4959946
https://doi.org/10.1063/1.3304475
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LANL Clover Detector System

ÁLocation: B490 R1421

ÁPurpose and importance: Measure high-resolution 
single g-ray and g-g coincidence spectra from samples 
activated at NIF. Characterizes activation products 
relevant to the NIF radiochemical diagnostics.

ÁBasics of the technology: System of eight 
semiconductor high-purity Ge g-ray detectors with a 
NaI background-suppression blanket.

Á Frequency of use: monthly

ÁClassified data acquisition: no

ÁEstimated yield limit (MJ & neutrons):none

ÁConcerns/issues: Requires constant cooling with LN2.

LN2 Dewer LN2 Dewer
RadChem sample

HPGe crystals
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Radiochemical Analysis of Gaseous Samples (RAGS) Diagnostic

Á Location: Tracer Injection Panel at D75 on L2, RAGS Room in B3, Rad Gas 
Lab in B151 R1121B, Counting Facility NCF in B151 R-B114

Á Purpose and importance: Quantify gaseous radioisotope production in NIF  
targets or DIM-mounted gas cells to provide nuclear measurements and 
assessment of fuel conditions.

Á Basics of the technology: Target chamber exhausts gas to RAGS where cold 
traps and getters can remove unwanted species to isolate gases of interest. 
In-situ detectors measure gas composition and radioisotope decay. Offline 
measurements (B151) required for absolute calibrations.

Á Frequency of use: biweekly to monthly

Á Classified data acquisition: no

Á Estimated yield limit (MJ & neutrons):>1E16 DT neutrons (max yield limit 
will depend on target attributes and is TBD).

Á Concerns/issues: RAGS requires closing of TC cryopump valves prior to shot 
leading to an increase in the TC base pressure which may cause certain xray 
diagnostics to lose HV permissive.

Á Literature: Overview of NIF RadChem (2024); RAGS overview (2012);RadChem measure of NIF 

capsule compression (2014); RadChem measure of NIF fission products (2016); RadChem measure Krypton 
fission yields (2016);

Rad Gas Lab

NIF Target 

Chamber: 

4 Cryo and 3 

Turbo Pumps

RAGS Room

Gas Delivery

L ine

Gas Tracer Injection

RAGS SchematicRAGS Room

https://doi.org/10.1063/5.0170400
https://doi.org/10.1063/1.4742145
https://doi.org/10.1063/1.4883186
https://doi.org/10.1063/1.4883186
https://doi.org/10.1007/s10967-015-4662-8
https://doi.org/10.1063/1.4963155
https://doi.org/10.1063/1.4963155
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ÁLocation: Various DIMS (90,78; 90-315; 90-124 and Polar)

ÁPurpose and importance: Measure reaction products from 
debris collected on solid collectors following NIF implosions
τ Primary diagnostic for PSS, DS and HED Radchem campaigns

ÁBasics of the technology: Collect condensed solid debris from 
NIF implosions on 2-inch metal discs (SRCs), which can then 
be taken to B151 for nuclear counting analysis. Larger area 
collectors VADER and LASR also available. 

ÁFrequency of use: Weekly

ÁClassified data acquisition: No

ÁEstimated yield limit (MJ & neutrons): No yield limit

ÁConcerns/issues: Speed of retrieval - high yield shots have 
increased stay-out times from the target chamber that can 
cause loss of data due to radioactive decay. A rapid method 
for retrieval of SRCs would fix this issue.

Solid Radiochemistry Collectors (SRC)

Vast Area Detector for Experimental 
Radiochemistry (VADER), ~1%

(Compatible with x-ray camera) 

Large area solid radiochemistry 
collector (LASR), 1-5%

(Not compatible with x-ray 
camera)

Solid radiochemistry collectors (SRC) (4), 
~0.1%

(Compatible with x-ray camera) 4 SRC collectors without nose cone 
(not compatible with x-ray camera)

Literature: Overview of NIF RadChem Diagnostics (2024); 
Advances in NIF solid radiochemistry (2016);

https://doi.org/10.1063/5.0170400
https://doi.org/10.1063/1.4960316
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Á Location: DIM Diagnostic: Ports (90,124), (90,78), (00,00)

Á Purpose and importance: To measure the spectra, mean energy and ”Ὑ from 
D3He protons produced during fusion reactions. 

Á Basics of the technology: A WRF is comprised of an aluminumfilter of varying 
thickness and a piece ofCR39. Protons pass through the wedge and bury 
themselves in the CR39; when the CR39 is etched the tracks left behind by these 
particles can be seen and counted under a microscope.

Á  Frequency of use: Weekly/Monthly use.

Á Classified data acquisition: No.

Á Estimated proton yield limit: 107 ς 1010 protons.

Á Concerns/issues: Very high x-ray fluence can impact energy deposition of 
protons, leading to smaller and undeveloped tracks. 

Wedge range filter (WRF)

DIM Snout

WRF assembly

WRF assembly

*Actual WRF assembly

(1)

(2)

(3)

Literature: NIF Charged Particle Diagnostics Overview (2023); WRF overview (2012); 

https://doi.org/10.1063/5.0127438
https://doi.org/10.1063/1.4729672
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Particle Time of Flight (PTOF) Diagnostic

Rinderknecht et al., Rev. Sci Instrum. 83, 10D902 (2012). 
Reichelt et al., Rev. Sci. Instrum. 94, 033510 (2023).
Lawrence et al., Rev. Sci. Instrum.  95, 103508 (2024).

4 GHz Tek 
Scope

Radiation

Freed electron-
hole pair

500V

0.2-1 mm

TCC

ÁLocation: Port (90,78) and/or (90,124)

ÁPurpose and importance: Measure nuclear and x-ray 
bang times (and sometimes nuclear burn widths); only 
diagnostic able to provide these at low yields 
ρπ ÎÅÕÔÒÏÎÓ

ÁBasics of the technology: Electron-hole pairs excited 
by ionizing radiation on CVD diamond are swept by 
voltage bias and recorded as a voltage trace

ÁFrequency of use: weekly/monthly

ÁClassified data acquisition: no

ÁEstimated yield limit (MJ & 
neutrons): ρͯπÎÅÕÔÒÏÎÓ, ͯ  πȢππσ -*

ÁConcerns/issues: Bias current tripping, IRF 
characterization for all diamonds

https://pubs.aip.org/aip/rsi/article/83/10/10D902/359690
https://pubs.aip.org/aip/rsi/article/83/10/10D902/359690
https://pubs.aip.org/aip/rsi/article/83/10/10D902/359690
https://pubs.aip.org/aip/rsi/article/83/10/10D902/359690
https://pubs.aip.org/aip/rsi/article/83/10/10D902/359690
https://pubs.aip.org/aip/rsi/article/94/3/033510/2881821
https://pubs.aip.org/aip/rsi/article/94/3/033510/2881821
https://pubs.aip.org/aip/rsi/article/94/3/033510/2881821
https://pubs.aip.org/aip/rsi/article/94/3/033510/2881821
https://pubs.aip.org/aip/rsi/article/94/3/033510/2881821
https://pubs.aip.org/aip/rsi/article/95/10/103508/3315057
https://pubs.aip.org/aip/rsi/article/95/10/103508/3315057
https://pubs.aip.org/aip/rsi/article/95/10/103508/3315057
https://pubs.aip.org/aip/rsi/article/95/10/103508/3315057
https://pubs.aip.org/aip/rsi/article/95/10/103508/3315057
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ÁLocation: DIM 90-78, 90-124, 90-315

ÁPurpose and importance: Time-integrated 
measurement of proton spectra from 1-20 
MeV

ÁBasics of the technology: Dipole magnet 
deflects protons as a function of energy on to 
CR-39

ÁFrequency of use: Quarterly

ÁClassified data acquisition: NO

ÁEstimated yield limit (DD-protons):7E+12

ÁConcerns/issues: 3 assemblies available but 
require special approvals to check for beam 
and diagnostic clearances

MagSpec

J.A. Pearcy et al. RSI 95, 103509 (2024)

https://doi.org/10.1063/5.0219482
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ÁLocation: DIM 0-0, 90-78, 90-124, 90-315

ÁPurpose and importance: Measure low energy 
charged particle spectra, specifically 1-4 MeV 
protons

ÁBasics of the technology: CR-39 detects protons 
down-ranged by different regions of Ta filtering

ÁFrequency of use: Quarterly

ÁClassified data acquisition: No

ÁEstimated yield limit:1E+10 @ 50 cm from TCC 
(alternative stand-off distances available such as 
retracted DIM @ 300 cm from TCC)

ÁConcerns/issues: requires special approval for 
debris concerns in indirect drive shots (can be 
fielded on retracted DIM)

Step Range Filter (SRF)

B. Lahmann et al. RSI 92, 083506 (2021)

Standard NIF SRF design (Ta)Raw signal on the SRF CR-39

N210317-001

https://doi.org/10.1063/5.0062584
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Gas Cherenkov Detector (GCD)

https://doi.org/10.1016/j.hedp.2020.100862
https://doi.org/10.1016/j.hedp.2024.101145

ÁLocation: Level F3, Port (064,275)

ÁPurpose and importance: Measure gamma reaction 
histories at 10 ps temporal resolution. Supports 
burn width and ablator areal density 
measurements.

ÁBasics of the technology: Gas Cherenkov Detector 
with Pulse Dilation  - Photomultiplier Tube (PD-
PMT)

ÁFrequency of use: weekly

ÁClassified data acquisition: No

ÁEstimated yield limit (MJ & neutrons):1e13 to 1e17

ÁConcerns/issues: Currently not operational, need to 
replace the PD-PMT Pulse Dilation ς Photomultiplier tube (PD-PMT)

https://doi.org/10.1016/j.hedp.2020.100862
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ÁLocation: Level 3, Re-entrant Well (064,241) @ 4.5 m

ÁPurpose and importance: Measure primary, (mostly) 
un-scattered DT neutron yield
τ Reported Well NAD DT yield assumes DTn peak is 14.028 

keV (no velocity shift) and does not include corrections 
for velocity or DSR. Values are uploaded to the NIF 
Archive.

ÁBasics of the technology: High-purity Ge Detectors 
measure 909 keV ‎ rays emitted from 90Zr(n,2n)89Zr 
reaction. 

ÁFrequency of use: weekly

ÁClassified data acquisition: no

ÁEstimated yield limit (MJ & neutrons):5e14 - 2e19

ÁConcerns/issues: Updates in SAVI are requested to 
archive more information about the ‎ ray counting 
results.

Well NAD

Links to papers: [1] [2]

Zr Well NAD puck

HPGD automatic 
changing systems

90Zr(n,2n)89Zr, Eth Ґ мн aŜ±Σ ˍ1/2 = 3.3 days

Neutron Threshold Reaction in Zirconium

Three Zr pucks are 
installed in front 
disk holder

Well NADs are counted on at least two calibrated 
High-Purity Ge Detectors in B151

HPGD

https://pubs.aip.org/aip/rsi/article/83/10/10D313/359399/Neutron-activation-diagnostics-at-the-National
https://nifconfluence.llnl.gov/download/attachments/21791098/WellNAD%20Analysis%20for%202018.docx?api=v2
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Á Location: Fielding locations vary depending on experiment. NADs are 
typically installed on snouts (and other hardware) on one or more 
DIMs for an experiment.

Á Purpose and importance: Close-in (10-50 cm) options for NADs to 
measure neutron yields (e.g., primary YDD, primary/secondary YDT, 
etc.).
τ In is used to measure YDD > 5e10.
τ Zr is used to measure (primary/secondary) YDT < 5e14.
τ Other NAD materials are available: Al, Ni, etc.
τ Analysis is performed offline by RS, and values uploaded to NIF Archive 

upon request.

Á Basics of the technology: High-purity Ge Detectors measure 
characteristic ‎ rays emitted from reaction of interest at B151 
Counting Facility (i.e., analogous to Well NADs).

Á Frequency of use: monthly

Á Classified data acquisition: no

Á Estimated yield limit (MJ & neutrons): Typical limits YDD ~< 1e16, YDT 
~< 1e15 

Á Concerns/issues: Some reactions (i.e., 115mIn, t1/2 ~ 4.5 hr) have short 
decay times and Rush Protocols are not routinely available for these 
measurements. 

NAD (i.e., Indium, small Zirconiums)

Links to papers

NADs (i.e., In, Zr, etc.) attached to DIMs can be fielded 
10-50 cm from TCC.

Example of 
multiple Indium 
NADs to measure 
YDD.

https://pubs.aip.org/aip/rsi/article/83/10/10D313/359399/Neutron-activation-diagnostics-at-the-National
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Á Locations: Equator (090-174) @ 17.3 m, Alcove (116-316) @ 19 m

Á Purpose and importance: Measure primary, (mostly) un-scattered DT 
neutron yields along nTOF Spec-E and Spec-! [h{Ωǎ 
τ Analysis is performed offline by RS. SAVI-based analysis is WIP.
τ Values can be accessed by contacting RS (as of 11/13/24).

Á Basics of the technology: Annihilation 511-keV ‎ rays associated with 
positron decay from 63Cu(n,2n)62Cu and 65Cu(n,2n) 64Cu are measured 
in coincidence.

Á Frequency of use: weekly

Á Classified data acquisition: no

Á Estimated yield limit (MJ & neutrons):DT neutron yield ~< 1e17 
(FY25+ upgrades are planned to enable authorized DT yields 1e17 ς 
2e19).

Á Concerns/issues: DT yield inferred from Cu NAD system are presently 
not authorized pending a full system calibration; system does not 
perform as intended for yields > 1e17.* 

Copper (Cu) NAD

*Extending yield inferences to 1e17-1e18 is expected in FY25; 
upgrades after FY25 are likely needed to extend to yields up to 2e19.

63Cu(n,2n)62/ǳόʲҌύΣ 9th Ґ мм aŜ±Σ ˍ1/2 = 9.7 min
65Cu(n,2n)64/ǳόʲҌύΣ 9th Ґ мл aŜ±Σ ˍ1/2 = 12.7 hr
63Cu(n,‎)62/ǳόʲҌύΣ 9th Ґ л aŜ±Σ ˍ1/2 = 12.7 hr (appears to be negligible)

Neutron Threshold Reactions in Copper

Coincidence Counting System in Alcove

Literature:  Copper Activation Overview (2012);

http://link.aip.org/link/doi/10.1063/1.4746999?ver=pdfcov
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Á Location: 
τ 48 positions around the NIF Target Chamber 

Á Purpose and importance: Measure neutron yield distribution in 
layered DT shots to assess compressed shell morphology
τ Analysis includes neutron yield distributions in skymap format. Model-

dependent Areal Density maps can be produced upon request. Special 
modes of operation available for DD shots upon request.

Á Basics of the technology: Array of Scintillation 
crystal/photomultiplier/pulse height analysis electronics measure 
gammas produced in the (n,2n) reaction of 14 MeV neutrons in Zr 
targets. 

Á Frequency of use: weekly

Á Classified data acquisition: No

Á Estimated yield limit: None, detectors are removed during the shot but 
data collection can be substantially delayed for very high yield shots

Á Concerns/issues: Removing/reinstalling detectors to prevent radiation 
damage to electronics and excessive activation of the LaBr crystal 
limits the number of detectors that can be fielded severely degrading 
data quality

RTNAD ς Real Time Nuclear Activation Detector

R. M. Bionta, et. Al, Rev. Sci. Instrum. 92, 043527 (2021).

Zr

PMT

High yield  region of low 
areal density

Low yield  region of high 
areal density

Measured yield distribution reflects structure 
of compressed capsule

(One of 48 detectors) 
Neutrons activate Zr sending 
gammas into LaBr crystal

Literature: RTNAD Overview (2021); Development of RTNADs (2017);

https://doi.org/10.1063/5.0042869
https://doi.org/10.1117/12.2274343
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ÁLocation: TC(102ϲ, 084ϲ)

ÁPurpose and importance: Measure the electromagnetic 
impulse created during NIF experiments. Important to 
understand effects of EMP on items-under-test as well as 
standard NIF Target Chamber diagnostics and cabling.
τ Data analysis is per-request, contact Diagnostic RS

ÁBasics of the technology: Commercial electromagnetic wire 
ǎŜƴǎƻǊǎ όά.-Řƻǘέ ƭƻƻǇǎ ŀƴŘ ά5-Řƻǘέ ƳƻƴƻǇƻƭŜǎύ ǇƭŀŎŜŘ ƛƴ ǘƘŜ 
Target Chamber at a fixed location (see Target Chamber 
sensors pictures to the right) and in the Target Bay on a semi-
fixed stand (not shown) during shots. Oscilloscopes in a 
Diagnostic Mezzanine record the outputs of the sensors.

ÁFrequency of use: Monthly

ÁClassified data acquisition: No

ÁEstimated yield limit (MJ & neutrons):None

ÁConcerns/issues: Non-standardized analysis and difficult to 
find data and configuration on NIF archive

Electromagnetic Pulse (EMP) diagnostic

Assessment and mitigation of diagnostic-generated electromagnetic interference at the NIF (2012)
!ƴŀƭȅǎƛǎ ƻŦ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǇǳƭǎŜ ό9atύ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ǘƘŜ bLCΩǎ ǘŀǊƎŜǘ ōŀȅ ŀƴŘ ŎƘŀƳōŜǊ όнлмоύ

http://dx.doi.org/10.1063/1.4739313
http://dx.doi.org/10.1063/1.4739313
http://dx.doi.org/10.1063/1.4739313
http://dx.doi.org/10.1051/epjconf/20135908012
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EMP Diagnostic Setup

TBTS

Black: scope 2, channels 3 and 4
Orange: scope 4, channels 3 and 4
Grey-green: scope 3, channel 4

Å Location: TC(102ϲ, 084ϲ)

ÅPurpose and importance: Measure the electromagnetic impulse created 
during NIF experiments. Important to understand effects of EMP on items-
under-test as well as standard NIF Target Chamber diagnostics and cabling.
Å Data analysis is per-request, contact Diagnostic RS Charlei Brwon, Charles Yeamans

Å.ŀǎƛŎǎ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΥ /ƻƳƳŜǊŎƛŀƭ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛŎ ǿƛǊŜ ǎŜƴǎƻǊǎ όά.-Řƻǘέ 
ƭƻƻǇǎ ŀƴŘ ά5-Řƻǘέ ƳƻƴƻǇƻƭŜǎύ ǇƭŀŎŜŘ ƛƴ ǘƘŜ ¢ŀǊƎŜǘ /ƘŀƳōŜǊ ŀǘ ŀ ŦƛȄŜŘ 
location (see Target Chamber sensors pictures to the right) and in the Target 
Bay on a semi-fixed stand (not shown) during shots. Oscilloscopes in a 
Diagnostic Mezzanine record the outputs of the sensors.

Note it is the AD55 
in the target 
chamber that 
seems to produce 
the most data

While the measurement system is well shielded against electromagnetic fields, the internal 
sensors, particularly the AD-55 and the RB-50, are possibly affected by x rays. 

Scope 3, channel 3 is the coax
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Á Location: Dante1, 143-274
      Dante2, 064-350

Á Purpose and importance: Measure time-resolved X-ray power for 50-
5000 eV, predominantly for hohlraum radiation (Planckian + M-band)
τ Each component absolutely calibrated, 
τ Data processing:

Å Cable deconvolution
Å Multiplexing for increase dynamic range
Å Calibrated controllable attenuators
Å Automated analysis for near Planckian spectra

Á Basics of the technology: 18 channels of filtered X-ray diode, each 
with limited x-ray energy sensitivity defined by mirror (if present), 
filter, XRD. The voltage produced on the pre-biased XRD is attenuated 
and recorded on 4 GHz oscilloscopes

Á Frequency of use: daily

Á Classified data acquisition: available - contact RS

Á Estimated yield limit (MJ & neutrons):10 MJ

Á Concerns/issues: for non-hohlraum targets, estimated spectrum is 
necessary for diagnostic setup

Dante

E. Dewald et al. RSI (2004), M. Rubery et al. RSI (2022), R. Marrs et al. RSI (2015)
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https://doi.org/10.1063/1.1788872
https://doi.org/10.1063/5.0101695
https://doi.org/10.1063/1.4934542
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Á Location: Positioner (90-78) (line-of-sight angle 90-67) & Positioner (90-315) (line-of-sight angle 90-337)

Á Purpose and importance: Records high resolution 2D spatio-sprectral proton profile (PROBIES) with 
simultaneous continuous proton and electron spectra (NEPPS) on ARC driven shots for two independent 
experiments on a single shot.

Á Basics of the technology: A stepped/differental filter resolves different proton energies at different spatial 
locations on a detector. Paired with radiochromic film (RCF) stacks, spectral resolution is drastically 
enhanced from several MeV to sub-MeV. (Optional) Can be used without PROBIES filter to field RCF stacks 
to recover more detailed proton beam spatial profile information with simultaneous magnetically (NEPPS) 
dispersed charged particle spectra.

Á Frequency of use: ~once or twice annually

Á Classified data acquisition: NO

Á Estimated yield limit: Zero yield and ARC only

Á Concerns/issues: N/A

PROBIES (Proton Beam Imaging Energy Spectrometer)

Linked Papers:
https://doi.org/10.1063/5.0101845

90-78 NEPPS 
& PROBIES 
Assembly

90-315 NEPPS & 
PROBIES 
Assembly

PROBIES + RCFData

D. A. Mariscal, et al., Rev. Sci. Instrum. 94, 023507 (2023); doi: 

10.1063/5.0101845
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ÁLocation: TB3 Port (064,253) 

ÁPurpose and importance: Provide a platform to expose 
materials, electronics (passive and active), and systems such 
as cameras to the NIF neutron environment.

ÁBasics of the technology: The NTW is a cylindrical air 
ŎƘŀƳōŜǊ όммΦнрέ LΦ5Φ Ȅ птΦрέ ƭƻƴƎύ ŜȄǘŜƴŘƛƴƎ ǊŀŘƛŀƭƭȅ ƛƴǿŀǊŘ 
from a TC port to within 4.5m of TCC.  A patch panel provides 
coax, power, and fiber optic connectivity to instrumentation 
in the diagnostic mezzanine (DM1U). 

ÁFrequency of use: Most high yield shots with a Neutron 
yield >1E16 

ÁClassified data acquisition: No

ÁEstimated yield limit: N/A

ÁConcerns/issues: Separating EMP effects from Radiation 
effects on items under test.

NTW

Access

Patch 
Panel

Cylindrical 
Test Volume

Test 
Hardware 
Mounting 
Frame
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Å Location: Z Machine 1.5ϲ at LOS90

ÅPurpose and importance: spatially and temporally resolve 
temperature and density in hot plasmas generated on Z shots at 
peak emission. Filtering adds differentiation of X-ray energies. 
Can be upgraded to perform X-ray spectrometry (future project)

Å Basics of the technology: X-rays converted to electron stream, 
bent by varying voltage field, allowed to drift apart spatially, 
ĦŸŰƻĲƖƣĲĬШƣŸШƓőŸƣŸŰƚШƽŔƣőШŔůċŊĲШŔŰƣĲŰƚŔŉŔĲƖЯШĦċƓƣƨƖĲĬШĤǃШљũŸŰŊњШ
exposure on camera

Å Frequency of use: ~biweekly on average (once fully 
commissioned)

ÅClassified data acquisition: NO (not currently, but future upgrade 
will allow this)

Å Estimated yield limit: 1E15 DTn (Z single shot limit)

ÅConcerns/issues: Z environment is extreme (EMP, mechanical 
shock, debris) makes fielding sensitive electronics difficult. SI-
1000 camera end-of-life. Some sweep speeds are not 
characterized, more work required to commission them.

SCORPIONZ ς Streak Camera Observatory with Radial and 
Polar Implementation ON Z

IN-SHROUD
SHIELDING

WELDMENT
PORT FLANGE

SUPPORT/ALIGNMENT
LINKAGE

LRU/SUPPORT
STRUCTURE

OPTICS BOX

PHOTOCATHODE

STREAK TUBE

IMAGE INTENSIFIER

CCD CAMERA
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ÅLocation: Z Machine LOS300 and LOS60

ÅPurpose and importance: record neutron pinhole and penumbral 
images of Z experiments, allowing generation of 2D 
reconstructions of implosions (size, shape, energies of neutrons)

ÅBasics of the technology: Pinhole array near target that projects 
signal onto radiation-sensitive image plates (and scintillators in 
the future)

ÅFrequency of use: ~monthly (when fully commissioned)

ÅClassified data acquisition: YES (when fully commissioned)

ÅEstimated yield limit: 1E15 DTn (Z single shot limit)

ÅConcerns/issues: Alignment of PHA to target and detector, 
protecting system from debris, proper signal level, putting in 
necessary infrastructure

NEMESIS ς Neutron Emission on Equatorial LOS Imaging 
System

ÅConcerns/issues: Alignment of PHA to target and detector, 
protecting system from debris, proper signal level, putting in 
necessary infrastructure
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Å Location: Z Machine LOS140, LOS260, and LOS20

ÅPurpose and importance: Measures time of flight of neutrons, bulk 
fluid motion, and ion temperature

Å Basics of the technology: neutrons produce light when they interact 
with scintillator, light creates a current in photomultiplier tube which 
is recorded on a scope. Scope trace indicates arrival times of signals 
at scintillator and can be used to differentiate speed (energy) of 
neutrons from the source 

Å Frequency of use: ~weekly (when fully commissioned)

ÅClassified data acquisition: YES (when fully commissioned)

Å Estimated yield limit: (something)

ÅConcerns/issues: Z infrastructure allowing for installation, 
backgrounds on LOS20, supplying crystals for all detectors, 
interactions with Z-X upgrade project

Z-nTOF ς Neutron Time of Flight (a.k.a Precision nTOF)

Get more recent photo from Z
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NIF Survey Spectrometer (NSS)

ÁLocation:  Port (q143-f176)

ÁPurpose and importance: Measure high resolution, time-
integrated 6 ς 40 keV x-rays
τ Measure Au L-shell from Hohlraums; K-shell from x-ray sources; 

output of backlighters.

ÁScanned Image Plate is provided in PSL 

ÁBasics of the technology: Bragg-angle transmission off 
quartz crystals recorded on image plates

ÁFrequency of use: weekly 

ÁClassified data acquisition: Possible; Send request to RS

ÁEstimated yield limit (MJ & neutrons): 1E17

ÁConcerns/issues:
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ÁLocation: Port (q143-f274)

ÁPurpose and importance: Measure high resolution, 
time-integrated 1.5-6keV x-rays 
τ Measure Au M-shell from Hohlraums
τ Measure L-shell from x-ray sources

ÁScanned Image Plate is provided in PSL 

ÁBasics of the technology: Bragg-angle reflection off 
KAP and quartz crystals recorded on image plates

ÁFrequency of use: Weekly

ÁClassified data acquisition: Always

ÁEstimated yield limit (MJ & neutrons):1E17

ÁConcerns/issues:

Virgil Spectrometer

Links to papers
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ÁLocation: Any horizontal diagnostic or airbox

ÁPurpose and importance: Record two side by 
side images using point projection radiography

ÁBasics of the technology: Just a shielded image 
plate holder

ÁFrequency of use: rarely used on ARC shots

ÁClassified data acquisition: Yes, if IP scanned 
on closed side

ÁEstimated yield limit (MJ & neutrons):no limit

ÁConcerns/issues: None

The Dual Radiography Imager (DRI) is a shielded snout with a large 
image plate designed for point projection radiography with 2 sources

Aluminum 
Body

Tantalum
nose blocks
background signal

Example radiographs recorded 
on a 120 x 50mm Image plate 
showing an image from two 
micro-wire ARC backlighters

S. F. Khan, et. al., Rev. Sci. Instrum. 92, 043712 (2021). https://doi.org/10.1063/5.0044043

https://doi.org/10.1063/5.0044043
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ÁLocation: any DIM

ÁPurpose and importance: time resolved 1-D 
imaging or spectroscopy

ÁBasics of the technology: A photocathode 
converts X-rays to electrons which are streaked 
across the imager as a function of time

ÁFrequency of use: Weekly

ÁClassified data acquisition: No

ÁEstimated yield limit (MJ & neutrons):1e13

ÁConcerns/issues: None

The DIM Imaging Streak Camera (DISC) records continuous X-ray 
signals primarily for 1D imaging or spectroscopy

Y. P. Opachich, et. al., Rev. Sci. Instrum. 83, 125105 (2012). https://doi.org/10.1063/1.4769753

Kr Gas Pipe Experiment

Photon Energy (10.2-19.9kev)

Kr He-like lines

Data from a 
spectrometer 
coupled to DISC
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X-ray Streak Cameras - Target Diagnostics - NIF Wiki

https://doi.org/10.1063/1.4769753
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
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ÁLocation: fixed at TC007-090

ÁPurpose and importance: Primarily, to record the x-
ray emission history from ICF experiments (Bang time 
and burn duration). Also used for back-lighters.

ÁBasics of the technology: A photocathode converts X-
rays to electrons which are streaked across the 
imager as a function of time. Heavy shielding added.

ÁFrequency of use: Daily

ÁClassified data acquisition: No

ÁEstimated yield limit (MJ & neutrons):~6MJ; 2e18

ÁConcerns/issues: must filter correctly to avoid charge 
broadening

The SPIDER (X-ray streak camera) records the history of filtered X-
rays on experiments primarily for ICF and back-lighter information

{Φ CΦ YƘŀƴ Ŝǘ ŀƭΦΣProc. SPIEурлрΣ850505(2012). https://doi.org/10.1117/12.930032

X-ray Streak Cameras - Target Diagnostics - NIF Wiki

https://doi.org/10.1117/12.930032
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
https://nifconfluence.llnl.gov/display/TD/X-ray+Streak+Cameras
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ÁLocation: 90-348 (primary), 90-124

ÁPurpose and importance: Measure high resolution, 
time-integrated, spatially resolved x-ray absorption 
spectra for EXAFS to determine temperatures in the 
range of ~100-10000Kelvin, resolution 3-5eV

ÁBasics of the technology: Bragg-angle reflection off 
Ge ad Si crystals recorded on image plates, toroidal 
and spiral crystal design

ÁFrequency of use: monthly-quarterly

ÁClassified data acquisition: Yes

ÁEstimated yield limit (MJ & neutrons):TBD

ÁConcerns/issues: need to have classified operation 
approved for first shot in FY25Q4; TANDM 90-348 is 
difficult to schedule

EXAFS Spectrometer (aka. HiRAXS-High Resolution Absorption X-ray 
Spectrometer)

Phase I

Phase II

References: H. Sio et al. RSI 95, 103523 (2024); S. Stoupin et al RSI 92, 053102 (2021).
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ÁLocation: 
τ (H)GXDs: Any inserter (90-78, 90-124, 90-315, 90-348, 0-0)
τ ARIANE: Fixed port TC090-089 

ÁPurpose and importance: Temporally resolved x-ray imaging, 
> ~ 1keV, ~100 ps resolution

ÁBasics of the technology: A MicroChannel Plate converts 
incident photons into electrons. These electrons undergo a 
cascaded amplification for a brief period of times and are 
accelerated towards a phosphor coated fiber optic faceplate 
to create a visible image that is recorded with a CCD camera 
(GXD) or photographic film (HGXD)

ÁFrequency of use: daily

ÁClassified data acquisition: yes

ÁEstimated yield limit: 1e13 for GXDs, 2e16 for hGXDs

ÁConcerns/issues: Arcing can occur after long period in 
storage. Absolute sensitivity not known precisely.

(Hardened) Gated X-ray Detectors (hGXD / GXD) and ARIANE

Links to papers
https://doi.org/10.1063/1.2227439
https:// doi.org/10.1117/12.2065260

GXD HGXD

https://doi.org/10.1063/1.2227439
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ÁLocation: 90-100 (DIXI) and 007-180 (PDIXI)

ÁPurpose and importance: Temporally resolved x-ray imaging, 
~10 ps resolution, for high-yield ICF experiments

ÁBasics of the technology: A photocathode converts incident 
photons into photoelectrons which are accelerated into a 
drift space by an electric field. Electrons created early in time 
are accelerated more than electrons created later in time. 
When they reach the backend detector, the electron image is 
stretched in time, and the effective temporal resolution is 
many time smaller than the one of the MCP-based backend 
detector.

ÁFrequency of use: bi-weekly

ÁClassified data acquisition: no

ÁEstimated yield limit: 10 MJ

ÁConcerns/issues: pump-down time before shot (PDIXI).

Dilation X-Ray Imagers (DIXI)

Links to papers
https:// doi.org/10.1063/1.3479111 
https:// doi.org/10.1063/1.4732849


