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Short summaries of all NIF target diagnostics

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

A For contacting the owners of each diagnostic consult the Unified Hierarchy of Systems
1 Located inLoCo3JSH see right image
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T RS = Responsible Scientist
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nToF a.k.a. Distance | Angle/Port
. . SpeeNP North Pole 21m (18, 303)

Neutron Timeof-Flight (N'ToF) SPECS (gt [remm (220 [67.70)
SpeeSE Equator 20 m (90, 174)

A Purpose and importanceMeasure timeintegrated SpeeSA Alcove 20m (116, 316)
neutron spectra (DT and DD yield, ion temperature, down SpeeSP South Pole | 18 m (161°, 56°)
scattered ratio (DSR), hot spot velocity) along 5 Cherenkov quartz — ,
independent linesof-sight detector (QCD) A Ml Scintillator &
T Spectral fits are automatically generated and reported on the — = S gl detectors

neutron working pages for each shot. Sometimes this is (18304) |
supplemented or replaced with offline analysis. ]f‘\f, m SPE®L
I . (6370)

A Basics of the technologyTimeof-flight separates ’17'{,3.1 .7 SPEE
neutrons with different energies. Neutron signal is pi e (90475)
recorded by detectors looking at scintillators and i Cleanup
Cherenkov light in quartz rods. SPE@\ f Collimator

(115315) (16157) —

A Frequency of useWeekIy Components of each nToF, from TCC rdlal'ly outward

(1) Port collimator on the chamber

A Classified data acquisitiarNO (2) Manual neutron filters (high yield upgrade, Apr. 2025)
) (3) Cleanup collimator through Target Bay walls (except SP)
A Estimated yield limit 40 MJ, ~1.4e19 neutrons (after April (4) Scintillator & 4 detectors (3 x PMT, photodiode)
2025 upgrade) (5) Quartz rod & PMT for Cherenkoletection
. . . . Select PapersQverview of nTOF in ICF (2025)
A Standing MeetingTuesday, 10am. Hybrid, B481 R2083 NIFnTOFAnalysis (2015)

NIEnTOFOriginal Design (2010)
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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

Nuclear Imaging Systen{dl|S)

A Location:
T (90,315) LOS NIS1 cameras & CNXI1 image plate stack
T (90, 213) LOS includes NIS3 cameras & CNXI3 and NIS3 image plate
stack.
T (005, 225) LOS includes NIS2 a.k.a. NIS NP image plate stack

A Purpose and importance: Source shape for primary neutrons,
down-scattered neutrons, and gamnrays. NIS teams

support:
©  All basic calibration data and image corrections. _
T Image reconstructions for all data. 3D reconstruction when possible.

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

A Frequency of use: Weekly

A Classified data acquisition: No, under consideration

A Estimated yield limit: 20 MJ, 7.1E18 DT neutrons

- . . \ \ \‘ ‘.\ Od //\// ea\m
A Concerns/issues: FY25 Upgrades in process for some PHA  Manipuiator + Snout Pedoos .. Col,f,:;\ i W

Active

subsystems to meet estimated yield limit System
PapersAperture Imagindg Reconstruction
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https://doi.org/10.1063/5.0124074
https://pubs.aip.org/aip/rsi/article/85/2/023508/356419/Neutron-source-reconstruction-from-pinhole-imaging

CNXI

A Locations: LOS 9815 inside DIM 9315 & LOS 9213
at chamber port (with NIS aperture on9@24) Source Aperture Scintlator  Camera system

z=0 frontz=32cm z=28m Lens - MCPII - CCD

A Purpose and importance: Gimear energyintegrated e
neutron and xray images.

A Basics of the technology:ray and neutron apertures
(NIS1 & NIS3) held inside chamber wHtayx and
neutron image plate stacks inside the vacuum.

A Frequency of use: ~weekly on average

A Classified data acquisition: NO

A Estimated yield limit: Currently ~1E17 neutrons;
upgrades under wato increase to 30 MJ for energy
integrated neutron images. .

Links to papers

A Concerns/issues:-pay foils are subject to damage if https://doi.org/10.1063/1.4962194

not protected by SST blast window above 1E17. https://doi.org/10.1063/1.4918285

https://doi.org/10.1063/1.4891101
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https://doi.org/10.1063/1.4962194
https://doi.org/10.1063/1.4918285
https://doi.org/10.1063/1.4891101

TestBed TBED}) Nuclear Diagnostics

A

A

> >y >y >

Location: NIF Alcove lingf-sight at 116316, at ~27 m from
TCC.

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

Basics of the technology: ThestBeds an elevated optical

breadboard that is aligned to TCC at ~27 m along a collima

line-of-sight. ThelestBedas the infrastructure to support

multiple detectors including high voltage cables, signal and /4
trigger cables, optical fibers, oscilloscopes, delay generatof N/
and high and low voltage power supplies, enabling flexible | T

and rapid testing.

Frequency of use: weekly

Classified data acquisition: no

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

Concernsl/issues: NA

F

Lawrence Livermore
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Gamma Reaction History (GRH)

A Location: Level Target Bay 3, Portq82c =Ly n(14.1 MeV) + U (3.5 MeV)
) , : + ] =» ° ~
A Purpose and importance: Measure nucléangtime, bur%wfgth andl_Ie if 5He +

burn history

1 Bangtimefeed-in to P1 flow inference

1 Other values: shell” “Yshell timing, DT, HT gamma inferred yield, ARC MeV
spectra

A Basics of the technology: DT fusion gamma rays into a Gas Che
detector, uses a pulsedilation PMT for fast (~10 ps) response -

A Classified data acquisition: Not currently, interested in potentis
future use

A Estimated yield limit: Has measured ~5MJ w/ ~20% broadening, - S
can be done for lower broadening at higher yield ]

A Concerns/issues: Needs calibration ofPRT, background and spa
charge problems at higher yields

Overview: Y. Kim, H. HerrmaRoPW Hhips://doi.org/10.1063/5.0126969
Burnwidth: Y. Kim et alPoPW Hhtps://doi.org/10.1063/5.0146704
PDPMT: H. GeppetY f SA Y NI G K S htpé:/Mdi.ord/19.5016/). Kedipi2020.900862
Carbor” 'Y aSlySeée Si I thipZ/doiéd1d 0l03PEyERevEI101%A3R08

DT yield: Meaney et aPoPW¥ Hhiitps://doi.org/10.1063/5.0055846

Lawrence Livermore 29
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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

Magnetic Recoll Spectrometer (MRS)

A Location: Port (77,324) (liref-sight angle 73,324)

A Purpose and importance: Measures neutron spectra to infer DT
neutron yield, Tion and DSR (primary purpose). Can also measure TT
ALISOUNI 2y ¢15 akK20a yR NYzy Ay
spectrometer.

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

A Frequency of use: ~biweekly on average

A Classified data acquisition: NO _
Links to papers

A Estimated yield limit: Currently 6 MJ & 2e18 neutrons; upgradégtps://doi.org/10.1063/5.0099317
under wayto increase to 30 MJ http://dx.doi.org/10.1063/1.4959946  Outside of target chamber

A Concernslissues: Paddles that protect/hold conversion foil (foil Nttp://dx.doi.org/10.1063/1.4802810
holder + blast shield) currently only rated to 10MJ; upgrade in http://dx.doi.org/10.1063/1.4886418

PIocess http://dx.doi.org/10.1063/1.4796042
https://doi.org/10.1063/1.3304475

Lawrence Livermore 245
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https://doi.org/10.1063/5.0099317
http://dx.doi.org/10.1063/1.4959946
https://doi.org/10.1063/1.3304475

LANL Clover Detector System

A Location: B490 R1421

A Purpose and importance: Measure hig¢solution
singlegray andg-gcoincidence spectra from samples
activated at NIF. Characterizes activation products
relevant to the NIF radiochemical diagnostics.

A Basics of the technology: System of eight
semiconductor highpurity Gegray detectors with a
Nalbackgroundsuppression blanket.

A Frequency of use: monthly
A Classified data acquisition: no
A Estimated yield limit (MJ & neutronsjone

A Concerns/issues: Requires constant cooling with Liv

HPGe Crystals

HPGecrystals

Lawrence Livermore
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Radiochemical Analysis of Gaseous Samples (RAGS) Diagnostic

Location: Tracer Injection Panel at D75 on L2, RAGS Room in B3, Rad ( GasTracer I nj ectlo
Lab in B151 R1121B, Counting Facility NCF in BBA1R

Purpose and importance: Quantify gaseous radioisotope production in
targets or DIMmounted gas cells to provide nuclear measurements and

assessment of fuel conditions. | NI F Target
Basics of the technology: Target chamber exhausts gas to RAGS where == Chamber:
traps and getters can remove unwanted species to isolate gases of inter | | E‘ Y 4 Cryoand 3
In-situ detectors measure gas composition and radioisotope decay. Offli W g | Tur bo Pumps
measurements (B151) required for absolute calibrations. ' ‘;h_-_,‘ _\

Frequency of use: biweekly to monthly , ". ./
&8
Classified data acquisition: no r_._

_ o o —\ GasDeélivery
Estimated yield limit (MJ & neutronsj1E16 DT neutrons (max yield limit H . Line
will depend on target attributes and is TBD). ———

y /[
Concernsfissues: RAGS requires closing of TC cryopump valves prior to “ | | RAGSRoom

Filter Cart

leading to an increase in the TC base pressure which may cause geataisg—
diagnostics to lose HV permissive.

Literature:overview of NIF RadChem (20RAGS overview (201RBadChem measure of NIF
capsule compression (201AadChem measure of NIF fission products (2AR&IChem measure Krypt
fission yields (2016)

Removable
Sample Bottle

=

Collector Cart

Abort
Roughing Tank

Pump ———

_HPGe_

RAGS Schemati
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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

Solid Radiochemistry Collectors (SRC)

A Location: Various DIMS (90,78:-305; 96124 and Polar)

A Purpose and importance: Measure reaction products from

debris collected on solid collectors following NIF implosions
1 Primary diagnostic for PSS, DS and HERadchemcampaigns

A Basics of the technology: Collect condensed solid debris from  VastArea Detector for Experimental

. . . . i i ~19 i [ [
NIF implosions on-Bich metal discs (SRCs), which can then iserindit Aol e R i atisld
be taken to B151 for nuclear counting analysis. Larger area (Not compatible with xay
collectors VADER and LASR also available. camera)

A Frequency of use: Weekly

A Classified data acquisition: No

A Estimated yield limit (MJ & neutrons): No yield limit

A Concerns/issues: Speed of retrievhigh yield shots have

Solid radiochemistry collectors (SRC) (4),

increased stayut times from the target chamber that can —0.1%
cause loss of data due to radioactive decay. A rapid method (Compatible with xay camera) 4 SRC collectors without nose cone
for retrieval of SRCs would fix this issue. (not compatible with sray camera)

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

Lawrence Livermore 29
National Laboratory NIYSE,
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https://doi.org/10.1063/5.0170400
https://doi.org/10.1063/1.4960316

Wedge range filter (WRF)

A Location DIM Diagnostic: Ports (90,124), (90,78), (00,00) (3) DIM Snout

A Purpose and importancdo measure the spectra, mean energy &nfrom  \rrg assembly -

D3He protons produced during fusion reactions. ~ P R
7 ‘}‘7°/ 2F

A Basics of the technology WRF is comprised of an aluminfilter of varying .
thickness and a piece Q@R39. Protons pass through the wedge and bury e f'}f; A

themselves in the CR39; when the CR39 is etched the tracks left behind by t F
particles can be seen and counted under a microscope. N
A Frequency of usenveekly/Monthly use. S e N

WRF assembly N

A Classified data acquisitioNo.

(1) Incident protons

A Estimated proton yield limitLo” ¢ 10 protons. l l l l, 1 l l l l’ l'f -
. . t Top view
A Concerns/issue%ery high sxay fluence can impact energy deposition of Al'wedge'fiter  y| |otWRF

spectrometer

protons, leading to smaller and undeveloped tracks. \AAAAAAAAL |
IN%\%%%(I:?_ [iti)voergpoor;e Literature: NIF Charged Particle Diagnostics Overview (20¥BF overview (201.2) N A' S&‘% e

Nattanal Nosiear Seounty Agmiateiration
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https://doi.org/10.1063/5.0127438
https://doi.org/10.1063/1.4729672

Particle Time of Flight (PTOF) Diagnostic

A Location: Port (90,78) and/or (90,124)

A Purpose and importance: Measure nuclear ameyx
bang times (and sometimes nuclear burn widths); o
diagnostic_able to provide these at low yields
pnl AOOOIT T O

A Basics of the technology: Electrbole pairs excited

by ionizing radiation on CVD diamond are swept by Radiation ~ , -
voltage bias and recorded as a voltage trace l N 4 GHz Tek
I Scope
A Frequency of use: weekly/monthly L Ol0 ,0.2-1 mm C]
l Il
A Classified data acquisition: no % L

A Estimated yield limit MJ & 500V
neutrons)* ptl AOCO® It @ o *

A Concerns/issues: Bias current tripping, IRF Rinderknechet al., Rev. Stmstrum 83, 10D902 (2012).
characterization for all diamonds Reicheltet al., Rev. Sdinstrum 94, 033510 (2023)
Lawrenceet al., Rev. Sdinstrum 95, 103508 (2024)

Lawrence Livermore r<H
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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

MagSpec

A Location: DIM 9¢/8, 90124, 90315

A Purpose and importance: Timetegrated
measurement of proton spectra from20
MeV

A Basics of the technology: Dipole magnet
deflects protons as a function of energy on to
CR39

A Frequency of use: Quarterly

Pointer assembly
(not used on lase

r shots) \. :

0.1 mm slit 2 mm slit 13 mm slit

A Classified data acquisition: NO of — i 4| 0 —— N
A : : : : . 520 ./FT\ E:R}g gzo EAE§§E§ 520 :'—':“‘Ie.v,
A Estimated yield limit (DIprotons):7E+12 S i N ey | e e
- . . . ! : 1 MeV L‘h: 1 MeV ~
A Concerns/issues: 3 assemblies available but ° 0 i

require special approvals to check for beam 200 0 00

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

NBLONA L abOTAOry NYSE 15
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https://doi.org/10.1063/5.0219482

Step Range Filter (SRF)

A Location: DIM @, 9078, 90124, 90315 Standard NIF SRF design (TaRaw signal on the SRF-8R

A Purpose and importance: Measure low energy

. . '_:'::':";'4- P
charged particle spectra, specificalhid MeV EE B
protons o
A Basics of the technology: €GR detects protons \‘: A
down-ranged by different regions of Ta filtering
A Frequency of use: Quarterly
A Classified data acquisition: No | N210317001

A Estimated yield limitlE+10 @ 50 cm from TCC
(alternative stanebff distances available such as
retracted DIM @ 300 cm from TCC)

Yield/MeV
o o
o ©

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

T T T T T T T
2.8 3.0 3.2 3. 4 3. 6 3.8 4.0 4.2 4.4
Energy (MeV)

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

o4
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https://doi.org/10.1063/5.0062584

Gas Cherenkov Detector (GCD)

A Location: Level F3, Port (064,275) y-e Converter e Photocathode gy Type gﬁllicrochannel
ressurize as ate
y-Radiation . .
A Purpose and importance: Measure gamma reaction o8
histories at 1(pstemporal resolution. Supports ICF e i
burn width and ablator areal density Comptor CherenkovRadiation,___Photo Electrons )
measurements. { r ' PDPMT
A Basics of the technology: Gas Cherenkov Detector GCD o
with Pulse Dilation- Photomultiplier Tube (PD |, S DT gamma reaction history measurement
P MT) . ——N210808 HyE 88ps

burn jwidth

A Frequency of use: weekly

A Classified data acquisition: No

-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
Time rel. to BT [ns]

A Estimated yield limit (MJ & neutrong)el3 to 1el7

A Concerns/issues: Currently not operational, need

Pulse Dilatiorr Photomultiplier tube (PEPMT)
replace the PEPMT https://doi.org/10.1016/j.hedp.2020.100862

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

Lawrence Livermore r<H
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https://doi.org/10.1016/j.hedp.2020.100862

Well NAD

A Location: Level 3, Rentrant Well (064,241) @ 4.5 m Neutron Threshold Reaction in Zirconium

A Purpose and importance: Measure primary, (mostly) “Zr(n 2Pz T MK pSadays

un-scattered DT neutron yield Sy | \
1 Reported Well NAD DT yield assumeSTnpeak is 14.028 o partenath Hande e
keV (no velocity shift) and does not include corrections Three Zr pucks are Front ik hoder ¢ Pivoing handi
for velocity or DSR. Values are uploaded to the NIF installed in front  ssensy » s
Archive. disk holder WOT—
A E}%ﬂga r%f g(‘)% tfecxr/]?glgggﬁfgjmH%/n%o%[()ﬁtfﬁ;gzrf Well NADs are counted on at least two calibrated
reaction y ’ nghPurlty Ge Detectors in B151

A Frequency of use: weekly
A Classified data acquisition: no

A Estimated yield limit (MJ & neutrongel4- 2el19

A - : - HPGD atomtic
A Concerns/issues: Updates in SAVI are requested to changing systems
archive more information about the ray counting

results. Links to paperd1] [2]

Lawrence Livermore 29
National Laboratory NIYSE, s
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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

NAD (I.e., Indium, smallirconiumg

A Location: Fielding locations vary depending on experiment. NADs are

typically installed on snouts (and other hardware) on one or more _ _
DiMs for an experiment. NADSs (i.e., In, Zr, etc.) attached to DIMs can be fieldec

10-50 cm from TCC.

A Purpose and importance: Clege (1050 cm) options for NADs to

measure neutron yields (e.qg., primarypYprimary/secondary ¥ i L~y ;:NAD e )
etC ) NADs inside Dixi p— position samples cm from
"/t nose cap Lyl
In is used to measureY,,> 5e10. = _’)-;Y‘?;:
Zr is used to measuregrimary/secondary) Yo < 5e14. o A5 oA

Other NAD materials are available: Al, NI, etc.
Analysis is performed offline by RS, and values uploaded to NIF Archive
upon request.

. ‘—pTOF —" &= NAD
‘-

A A 4 4

DIM 000-000
4 Indiums

A Basics of the technology: Higlurity Ge Detectors measure
characteristi¢ rays emitted from reaction of interest at B151 Example of
Counting Facility (i.e., analogous to Well NADSs). multiple Indium
DIM 090-078 DIM 090-315

NADSs to measur 2 Indiums &4 2indums
A i s YDD e - \\ch
A Classified data acquisition: no ¥ Dixi Nose Cap

6 Indiums

A Frequency of use: monthly

A Estimated yield limit (MJ & neutrons): Typical limitg¥< 1e16, ¥;
~< lel5

A Concerns/issues: Some reactions (£€"nn, t;,, ~ 4.5hr) have short
decay times and Rush Protocols are not routinely available for these | inks to papers

mQQCI IFDI’Y\anQ
TOUAO U< LAY

Lawrence Livermore 24
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https://pubs.aip.org/aip/rsi/article/83/10/10D313/359399/Neutron-activation-diagnostics-at-the-National

Copper (Cu) NAD

A Locations: Equator (09074) @ 17.3 m, Alcove (1-BA6) @ 19 m

A Purpose and importance: Measure primary, (mostly—)suattered DT Neutron Threshold Reactions in Copper

neutron yields alongTOFSpeeE and Spet [ h { Q 63Cu(n,2n¥ dzo i H'0 Im M9 3 SETmiIn_
T Analysis is performed offline by RS. SANdased analysis is WIP. 65Cu(n,2nyy dzo | tPHJO M n9 .3 SWXhr _
1 Values can be accessed by contacting RS (as of 11/13/24). 63cu(, )2 dzo i H'0 31 9,54 Z7hr (appears to baegligible)

A Basics of the technology: Annihilation 584V rays associated with
positron decay fron¥3Cu(n,2n¥*Cu and®Cu(n,2np*Cu are measured

in coincidence. Coincidence Counting System in Alcove

A Frequency of use: weekly \\

A Classified data acquisition: no

A Estimated yield limit (MJ & neutron€)T neutron yield ~< 1el7
(FY25+ upgrades are planned to enable authorized DT yieldsg1el7
2e19).

Multichannel
Scaling
Software

Orts ANB
05 LoGICIN il
) b .
DPMLUSE 12
[—] EtherNim
Multichannel ule i
Analyzlng (Ortec919€)

A Concerns/issues: DT yield inferred from Cu NAD system are present| sotwar
not authorized pending a full system calibration; system does not
perform as intended for yields > 1el7.

Lawrence Livermore *Extending yield inferences to 1edl£18 is expected in FY25; . ) .. . \ j 8
National Laboratory pgrades after FY25 are likely needed to extend to yields up to 2e19. Literature: Copper Activation Overview (2012) IMVM.AWM:‘;E 20
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http://link.aip.org/link/doi/10.1063/1.4746999?ver=pdfcov

RTNAD; Real Time Nuclear Activation Detector

A Location:
T 48 positions around the NIF Target Chamber 777000 A '

Measured yield distribution reflects structure
A Purpose and importancéleasure neutron yield distribution in
layered DT shots to assess compressed shell morphology of compressed capsule
1 Analysis includes neutron yield distributions inskymap format. Model-
dependent Areal Density maps can be produced upon requestSpecial

modes of operation available for DD shots upon request.

(One of 48 detectors)
Neutrons activate Zr sending
gammas intd_aBrcrystal

High yield— region of low
areal density

A Basics of the technologgrray of Scintillation _
crystal/photomultiplier/pulse height analysis electronics measure
gammas produced in the (n,2n) reaction of 14 MeV neutrons in Zr
targets.

N191105-001-999 RT-NAD fit to L<=2 Velocity Corfected

A Frequency of useveekly

A Classified data acquisitiohio

A Estimated yield limitNone, detectors are removed during the shot but
data collection can be substantially delayed for very high yield shots

Low yield— region of high

A Concerns/issuefkemoving/reinstalling detectors to prevent radiation areal density em—— L e—
damage to electronics and excessive activation of.thBrcrystal _ e i e
limits the number of detectors that can be fielded severely degrading - |
I i I
data quality R. M. Bionta, et. Al, Rev. Sostrum 92, 043527 (2021).
IN%\{\{E)%%(I:?_[iti)VoergTo%e Literature:  RTNAD Overview (202 Development of RTNADs (2017) NAVS_E{% 21
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https://doi.org/10.1063/5.0042869
https://doi.org/10.1117/12.2274343

Electromagnetic Pulse (EMP) diagnostic

A Location: TC(1@2084%)

A Purpose and importance: Measure the electromagnetic
impulse created during NIF experiments. Important to
understand effects of EMP on itemsder-test as well as

standard NIF Target Chamber diagnostics and cabling.
1 Data analysis is pefrequest, contact Diagnostic RS

A Basgics of the technology: Commercial electromagnetic wire
aSYyazR&E( & at 2 2R3a0 & yWR yaSLI2 f S& 0
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.

A Frequency of use: Monthly
A Classified data acquisition: No
A Estimated yield limit (MJ & neutron$jone

A Concerns/issues: Nestandardized analysis and difficult to
find data and configuration on NIF archive

1 RB-230 horizontal - _ 2
2 RB-230 vertical >
3 RB-270 horizontal 2 "
4 RB-270 horizontal, Al foil -

5 RB-50 horizontal
6 AD-20 vertical
7 AD-55 vertical

Measured ~4m

NIF, lOSSleQ p]se ry hlh
£ o

0 100 200 300 40 S50 600 700
Time (ns)

NIF, 352 KJ, 4 ns
casure m from

Figure 2. E-field traces an

d composite spectrograms for and target types.

Lawrence Livermore Assessment and mitigation of diagnostienerated electromagnetic interference at the NIF (201
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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

L

While the measurement system is well shielded against electromagnetic fields, the internal

E M P D | a! l ns !Stl S 2 S Qtl l p sensors, particularly the AB6 and the RB0, are possibly affected by x rays.

Note it is the AD55

2 RB2% vertiat (S in the target
Black: scope 2, channels 3 and 4 4 RB-270 hortzantal, Al fo ¢ chamber that
seems to produce

Orange: scope 4, channels 3 and 4

Greygreen: scope 3, channel 4 G the most data

Scope 3, channel 3 is the coa

s—erdrr——. 1 1 1

5 RB-50 horizontal
6 AD-20 vertical
7 AD-55 vertical

Figure 1. Target chamber sensors.

A Location: TC(1@2084)

A Purpose and importance: Measure the electromagnetic impulse created
S during NIF experiments. Important to understand effects of EMP on #ems
undertest as well as standard NIF Target Chamber diagnostics and cabling.

- A Data analysis is pefrequest, contact Diagnostic RS Charlei Brwon, Charles Yeamans

| - == A.laroa 2T GKS (GSOKyz2fz23eyY./2YRENDAL
ST e = t221Ja -R2/URE a2y 2112t Saovo LI I OSR A %f uKS (¢
ey Y BT e | |2 : location (see Targcjlet Chamber sensors pictures to the rlg?ht) and in the Target
— Bay on a serdixed stand (not shown) during shots. OscilloScopes in a
Diagnostic Mezzanine record the outputs of the sensors.

Lawrence Livermore r<H
National Laboratory NIYSE, 2

LLNEPRE®017572 Nalional Nuciear Seoorty Aeminetration




Dante

> >

>

Location: Dantel, 14374
Dante2, 064350

*Some channels may not
. . contain agric or mirror.
Purpose and importance: Measure timesolved Xay power for 50
5000 eV, predominantly for hohlraum radiation (Planckian-tbavid) target
1 Each component absolutely calibrated, 9 Controllabl
1 Data processing: :

A CabFI)e deconvol%tion Q ’\"faJ'/ attenuation

A Multiplexing for increase dynamic range
A Calibrated controllable attenuators ',
/
"/
4

Primary
scope

A Automated analysis for near Planckian spectra
/
// /

Basics of the technology: 18 channels of filteredyXdiode, each S I

with limited xray energy sensitivity defined by mirror (if present), , g N :
filter, XRD. The voltage produced on the-piased XRD is attenuated s/ / ¢/
and recorded on 4 GHz oscilloscopes / /

/
/

Secondary

=g

scope

50m cable

X-Ray Diode

Frequency of use: daily

Limiting
aperture

Classified data acquisition: availableontact RS
Estimated yield limit (MJ & neutrong)0 MJ

Concerns/issues: for némohlraum targets, estimated spectrum is

necessary for diagnostic setu
y 9 P E. Dewald et al. RSI (200¥). Rubery et al. RSI (202R. Marrs et al. RSI (2015

Lawrence Livermore rH
National Laboratory N A'S‘!‘-% 24
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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

PROBIES (Proton Beam Imaging Energy Spectrometer)

A Location: Positioner (3@8) (lineof-sight angle 9867) & Positioner (9315) (lineof-sight angle 9€837) Linked Papers:

https://doi.org/10.1063/5.0101845

A Purpose and importance: Records high resolutiors@&tio-sprectralproton profile (PROBIES) with

simultaneous continuous proton and electron spectra (NEPPS) on ARC driven shots for two indepe (a) N C) R O I e
experiments on a single shot. Soecili . " Z Pl

o 151 §L’2§i§‘3 FIG. 2. (2) A typical laser, target, and

Pixel #6 nl{le-ﬁlmlﬁller stack to measure laser-

A Basics of the technology: A steppddferentalfilter resolves different proton energies at different spatic el = e :gﬂgy:%?&?'::“hg‘%

locations on a detector. Paired withdiochromicfilm (RCF) stacks, spectral resolution is drastically
enhanced from several MeV to sibeV. (Optional) Can be used without PROBIES filter to field RCF

to recover more detailed proton beam spatial profile information with simultaneous magnetically (NE &
dispersed charged particle spectra.

2
n

RCF. (c) The film response curves for
both (a) and (b) are equivalent.

Dcposilcd Energy/Proton [MeV]

54
°

ool

& 20
™\ Foil Target -~ Breakihivough ene )u" Proton Energy [MeV]

D. A. Mariscal, et al., Revir&tiumd4, 023507 (2028Rpi
10.1063/5.0101845

A Frequency of use: ~once or twice annually

A Classified data acquisition: NO

o o o0 O
| |
®
o
®
=

A Estimated yield limit: Zero yield and ARC only

@ o1 o

| I
e_on o

a s
3 e_®

a8

v e v e e e

A Concernsl/issues: N/A

90-315 NEPPS &

2 PROBIES PROBIES
A I
Assembly ssembly

Lawrence Livermore 29
National Laboratory NIYSE, =
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NTW

A Location: TB3 Port (064,253)

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

A Basics of the technology: The NTW is a cylindrical air

OKF YO SN OMMOHPE Ld5d E nTdpé f2yhes

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).

.RA bdich €

Panel

) Cylindrical
A Frequency of use: Most high yield shots with a Neutron Test Volume - -
yield >1E16 | est
Hardware
A Classified data acquisition: No Mounting
Frame
A Estimated yield limit: N/A
A Concerns/issues: Separating EMP effects from Radiation
effects on items under test.
NSO LADOTAIOn NIYSE 2
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...

SCORPIONAtreak Camera Observatory with Radial and
Polar Implementation ON Z

A Location: Z Machine 1.5at LOS90

STREAK TUB CCD CAMERA

A Purpose and importance spatially and temporally resolve
temperature and density in hot plasmas generated on Z shots at —,
peak emission.Filtering adds differentiation of Xray energies. : ‘ Del
Can be upgraded to perform ay spectrometry (future project) o

A Basics of the technology Xrays converted to electron stream, PHOTOCATHODE[-=Z] IMAGE INTENSIFIE
bent by varying voltage field, allowed to drift apart spatially, o
AY U211 quT WaqVYLUGEYaqy Ut Ws Raoé WRE ¢ NIIWRU = i
exposure on camera “ '

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

WELDMENT
PORT FLANGE

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

SUPPORT/ALIGNMEN
LINKAGE

IN-SHROUD
A Estimated yield limit: 1E15DTn(Z single shot limit) SHIELDING

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

U/SUPPORT
TRUCTURE

27
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...

NEMESI& Neutron Emission on Equatorial LOS Imaging
System

A Location: Z Machine LOS300 and LOS60

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

A Basics of the technology Pinhole array near target that projects
signal onto radiation-sensitive image plates (and scintillators in

the future)

A Frequency of use ~monthly (when fully commissioned)

NEMESIS consists of 4 major assemblies
A Classified data acquisition: YES (when fully commissione

A Estimated yield limit: 1E15DTn(Z single shot limit)

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

Colliator Image Plate Assembly

Lawrence Livermore
National Laboratory M NUMBER 75



...

Z-nTOKR Neutron Time of Flighta(k.aPrecision nTOF)

A Location: Z Machine LOS140, LOS260, and LOS20

A Purpose and importance Measures time of flight of neutrons, bulk
fluid motion, and ion temperature

A 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 signal
at scintillator and can be used to differentiate speed (energy) of
neutrons from the source

Frequency of use ~weekly (when fully commissioned)

Classified data acquisition: YES (when fully commissioned)

Estimated vyield limit. (something)

o o Do I»

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

Lawrence Livermore
National Laboratory IM NUMBER



¢

Lawrence Livermore
National Laboratory

Disclaimer

Thisdocumentwas preparedas an accountof work sponsoredby an agencyof the United Statesgovernment Neither the United
Statesgovernmentnor LawrencelLivermoreNational Security,LLC nor any of their employeesmakesany warranty, expressedor
implied, or assumesany legalliability or responsibilityfor the accuracycompletenesspr usefulnesf any information, apparatus,
product, or processdisclosedor representsthat its usewould not infringe privately owned rights. Referencehereinto any specific
commercialproduct, process,or serviceby trade name, trademark, manufacturer,or otherwise doesnot necessarilyconstitute or

imply its endorsementrecommendationpr favoringby the United Statesgovernmentor LawrenceLivermoreNationalSecurity LLC
Theviews and opinionsof authors expressecherein do not necessarilystate or reflect those of the United Statesgovernmentor

LawrencelivermoreNationalSecurity LLCand shallnot be usedfor advertisingor productendorsementpurposes
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NIF Survey Spectrometer (NSS)

A Location: Portq143-f176)

A Purpose and importance: Measure high resolution, t

integrated 6¢ 40 keV xays
1 Measure Au ishell from Hohlraums;-&hell from xray source
output of backlighters

A Scanned Image Plate is provided in PSL

Rear End: Tungsten “ Tungsten

Tungsten Crystal

Port: 0176 ¢274
Same LEH View as DANTE1

Image Plate slit Assembly
Holders Assembly Debris Filters:

Assembly | - — Al-coated Mylar

~ 6144 mm

/ SS Absorber Collimators

A Basics of the technology: Bragggle transmission off
guartz crystals recorded on image plates

A Frequency of use: weekly
A Classified data acquisition: Possible; Send request t

A Estimated yield limit (MJ & neutrons)E17

Laser Target

Janasuey ".ay focal circle

e

source

!

_ ‘ Cr,\!‘ f
| l\ ‘l > .‘.' ‘l‘;\ - H

Z=76.2 mm

| i Detector Arc, L
11

R' = 165.11 mm
TCC : - !
. . i D<=6144.08 mm ] A=160.96 mm B= 169.24 mm |
A Concerns/issues: :
Lawrence Livermore r<H
National Laboratory N A'S-z-% 32
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Virgil Spectrometer

A Location: Portd143f 274)

Be filter + K-edges
(hidden behind slits)

A Purpose and importance: Measure high resolutio

time-integrated 1.56keV xrays
1 Measure Au Mshell from Hohlraums
1 Measure kshell from xray sources

A Scanned Image Plate is provided in PSL i

A Basics of the technology: Bragggle reflection o (@) , o= =
KAP and quartz crystals recorded on image pla = |

25um Be with
K-edge filters

A Frequency of use: Weekly

A Classified data acquisition: Always

A Estimated yield limit (MJ & neutrong)E17

A Concerns/issues:

Links to papers

Lawrence Livermore rH
National Laboratory N A'S‘!‘-% 33
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he Dual Radiography Imager (DRI) is a shielded snout with a larg
Image plate designed for point projection radiography with 2 source

A Location: Any horizontal diagnostic or airbox Aluminum

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

A Basics of the technology: Just a shielded image
plate holder

A Frequency of use: rarely used on ARC shots

) o o _ Tantalu
A Classified data acquisition: Yes, if IP scannednose blocks

on closed side background signal

A Estimated yield limit (MJ & neutrons)o limit  Example radiographs recordg
on a 120 x 50mm Image plat

showing an image from two

A Concerns/issues: None micro-wire ARGacklighters

Nationai Laboratoy, S F. Khan, et. al., Rev. Strum 92, 043712 (2021https://doi.org/10.1063/5.0044043 NS =
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https://doi.org/10.1063/5.0044043

he DIM Imaging Streak Camera (DISC) records continugag X
signals primarily for 1D imaging or spectroscopy

N141001 1D Radiography Data

A Location: any DIM

A Purpose and importance: time resolveeDl e R —
. . £ 08 agnostic Wire
imaging or spectroscopy 5 oo [ Gt

A Basics of the technology: A photocathode
converts Xrays to electrons which are streaked | °*

Central Core
Self-Emissio

o
STy

"LlllIIlllIIIlIlIIlIIIIIlIIlIIIlI[."

across the imager as a function of time g 5 8 7 8
A Frequency of use: Weekly _
=
A Classified data acquisition: No Data from a. g
) _ _ o spectrometer | S
A Estimated yield limit (MJ & neutrons)el3 coupled to DIS( %
A Concerns/issues: None Kigelikelinesss . i

X-ray Streak Cameradarget DiagnosticsNIF Wiki

L et asmen Y. P. Opachich, et. al., Rev. Bisitrum 83, 125105 (2012https://doi.org/10.1063/1.4769753 INYSE =

LLNEPRER017572 Tty Aeimintsfratio



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

he SPIDER-{&y streak camera) records the history of filtered X
rays on experiments primarily for ICF and balohter information

A Location: fixed at TC0a¥®0

Typical SPIDER Shot Data
Zn Ti Ti Ti
m

A Purpose and importance: Primarily, to record the x
ray emission history from ICF experiments (Bang time
and burn duration). Also used for balghters.

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

Polar DIM

Background subtracted Averaged Lineouts
4000 F T T T ] T T T I T T T l T T T l | =

A Frequency of use: Daily

3000 | «—Zn 19um -

A Classified data acquisition: No

2000 —

SPIDER Counts, A.U.

A Estimated yield limit (MJ & neutrons)6MJ; 2e18

Shell Emission
causes the Zn
channel signal to —
extend later

Ti 73um

1000
E Ti497um

A Concerns/issues: must filter correctly to avoid chagg - E _
broadening T N
xray Streak Cameraglarget DiagnosticsNIF Wiki

Nationai Laboraior’  { @ C @ YHfdc.\BPIBylip 85@bEH(2012).https://doi.org/10.1117/12.930032 NYSE =
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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

EXAFS Spectrometer (akdiRAXSHigh Resolution Absorption-¥ay

Spectrometer)

A Location: 96348 (primary), 96124

A Purpose and importance: Measure high resolution,
time-integrated, spatially resolvedray absorption
spectra for EXAFS to determine temperatures in the
range of ~10aL0000Kelvin, resolution-3eV

A Basics of the technology: Bragggle reflection off
Ge ad Si crystals recorded on image plates, toroidal
and spiral crystal design

A Frequency of use: monthiguarterly

A Classified data acquisition: Yes

A Estimated yield limit (MJ & neutrons)BD

A Concerns/issues: need to have classified operation

approved for first shot in FY25Q4; TANDM34® is
difficult to schedule

Element Edge, eV

Cu

K. 8979

Minimum energy

range
8900-9800

Phasa |

Ta

L3, 9881

a750-10700

Pb

L3, 12035

12300-13800

u

L3, 17166

17000-17800

Phasza
I

Zr

K, 17998

17800-18800

Fu

L3, 18053

17300-18900

Phase |

Phase Il

References: H. Sio et al. RSI 95, 103523 (2028 %inet al RSI 92, 053102 (2021)
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(Hardened) Gated Xay Detectors (GXDY GXD) and ARIANE

A Location:
1 (H)GXDs: Any inserter (@@, 96124, 90315, 90348, G0)
T ARIANE: Fixed port TCO989

Fiber optic Fiber optic

A Purpose and importance: Temporally resolvey imaging, N ecp - s'{'

> ~ 1keV, ~10psresolution = — =
A Basics of the technology:MicroChannePlate converts y e\g_,«f S §§t

incident photons into electrons. These electrons undergo a r§ e = | -Fm

cascaded amplification for a brief period of times and are Sate 4 = | —

accelerated towards a phosphor coated fiber optic faceplate wps — =

to create a visible image that is recorded with a CCD camera E

(GXD) or photographic film (HGXD) / = =

g ————F——0.5mm ——
; ) ? e
A Frequency of use: daily L] o L]
Vonos® + = 1o 195KV
A Classified data acquisition: yes
a Y GXD HGXD

A Estimated yield limit: 1e13 for GXDs, 2el16HGXDs

Links to papers
A Concerns/issues: Arcing can occur after long period in :
storage. Absolute sensitivity not known precisely. https://doi.org/10.1063/1.2227439

https:// doi.orgf10.1117/12.2065260

Lawrence Livermore %
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https://doi.org/10.1063/1.2227439

Dilation XRay Imagers (DIXI)

A Location: 96100 (DIXI) and 00Z80 (PDIXI)

A Purpose and importance: Temporally resolvedyimaging,
~10psresolution, for highyield ICF experiments

A Basics 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
anany time smaller than the one of the M®Bsed backend

etector.

A Frequency of use: hieekly
A Classified data acquisition: no
A Estimated yield limit: 10 MJ

A Concerns/issues: puragiown time before shot (PDIXI).

Links to papers

https://doi.org10.1063/1.3479111

https:// doi.orgf10.1063/1.4732849
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