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Diagnhostics for Integral Data

* Examples of integral experiments
* Critical assemblies (prompt fission spectrum)
* Flattop, JEZEBEL, Godiva, BIG-10

* Steady state, us-ms bursts
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Integral data provides validation or constraints to differential data
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Radiochemistry to diagnose NIF capsule performance

* Diagnosing capsule mix via Tc activation products from Mo capsules
e Ratios used to inform nuclear physics models

 Radiochemistry required to remove gamma-ray interferences from
fission products to reliably identify Tc isotopes

e Separation Mo and Tc from each other and other FPs

* Remove interferences in gamma spectroscopy: Nb, Au activation, V
activation

* Currently measuring both °€Tc (4.3 days) and °°€Tc (20 h)

92Tc | 93Tc | 94Tc | 95Tc | 9%Tc | 97Tc | 9%Tc | 99Tc | "©°Tc | ©'Tc

Mo | 2Mo | Mo | “Mo | Mo | %Mo | 97Mo | 98Mo | 99Mo | °°Mo
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Radiochemical Diagnhostics

Chemistry Development
e Separations optimized over 14 trials
* Firsttested on N231001

* Routine Measurements started in Nov ‘24 with
9%€Tc/%°*Mo ratios reported for N231126 and
shots since then

 Refined over the next several PSS shots

* |n May 2023, expanded measurements to both
95€Tc and °%¢Tc

Future Goals

* Expand radchem capabilities to allow for
processing more SRCs

* Working with University of Wisconsin (Jonathan
Engle) to produce %"Tc

* Allow for simultaneously tracing the
chemistry and measuring both °€Tc and
96¢eTc for all samples
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Before and After Chemical Separations (N231001)
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Results in FY24 - First Measurements of ®5Tc/°°Mo Ratio
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We have developed rapid, high-yield chemical procedures and are able to provide routine results for the PSS campaignh and are working to

expand capabilities
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Exploring tungsten radiochemistry as a possible mix
diagnostic for various burn platforms (PSS, ICF)

185W(d,2n)"®Re
E,,=3.62 MeV
T,2=3.7d

E, =137 keV
1,=9.5%

184(d,2n)"™Re
E.=4.54 MeV
T,,=35.4d
E, =903 keV
1,=38%

182Wy(d, 2n)'82Re
E,,= 5.86 MeV
T,,=2.7d

E, =100 keV
1,=16%

Several programs interested in using tungsten as a
mix diagnostic

W and Re are difficult to detect due to nuclear
decay properties

-=100%

Very challenging separation chemistry
* W/Re have multiple oxidation states

..................

IIIII

* Require stabilization with HF B h
* Cannot use any existing chemical procedures

Identifying isotopes of interest in FY25 with R&D in
FY26 & FY27 (depending on program needs)

109w(n’.y)187w
E,,= 0 MeV
Ti2=1d

E, =480 keV
1,=27%

Possible reactions of interestin the W, Re system (PSS, ICF)
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Fission product measurements on exotic materials

possible at NIF using TOADS

NIF provides a unique platform for measuring 14.1 MeV
fission yields (FPYs) of actinide isotopes

Target Option Activation Device (TOAD)

Materials of interested will be fielded in TOADs with
flux monitors

* |solated from shot debris and see a high neutron
flux

* A combination of nuclear decay counting, and
radiochemistry will be used to make
measurements on fission products of interest

TOADs can be used to field other actinide materials
o 2442480y 238-244py 237N\ 241243Am etc.

lgnition and EYC yields enable even more FPYs to be
measured at lower uncertainty
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TOAD Experimental Set-up

Measurements from two DU TOAD samples deployed on
N240907-001 in CryoXNBS Config 6

= Foils delivered to chemistry lab ~17 days post shot Neutron s
yield: 2.9E+17 CryoXNBS

Snout Tip Standoff =9 cm

Multi-programmatic, cross-cutting data obtained

Fission yield measurements contribute to DPI project

Provided fission product data to benchmark simulated
fission product predictions
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CryoXNBS Configuration

|
|

TOAD
Base

Au foils are used as a flux monitor
Ti catcher foils ensure no FPs are lost to Au

TOAD Flux (n/cm?2/s) Error % Error
Back 1.40E+23 4.81E+21 3.45
Side 1.80E+23 6.31E+21 3.50

L R Hetr®  LINL PRES 872380 Images from John Gundelfinger & Charles Yeamens 1
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Fission Yield Results

e TOADS are fully sealed — not exposed to NIF _ = JAEA
. . ¢« DPI-45
debris wind 0.06 1 # % « DPI-46
005_' § A Anton Tonchev/TUNL
* TOAD samples delivered to chemistry lab ~17 5 } Energy:
S JAEA - 14 MeV
* Counted ondays 18, 19, 21 post shot 3003+ NIF/DPI ~14.1 MeV
* DPI samples give consistently higher FPYs than " }
measurements using traditional methods (JAEA 001
and TUNL) 0.00 . . : . . . .
« Work is ongoing to confirm results and & a O@.\b“" &.\*‘ & %@:\b‘“’ @\;‘5’"

improve error
JAEA/TUNL agree very well; DPI yields are higher.
Errors are due to counting statistics.
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Comparison with Models
collaboration with J. Gundelfinger

* Benchmark simulated fission/activation product
predICtlonS agamSt real life measurements Modeled and Measured Activities 18d Post Shot

1.00E+05

* Simulations conducted with snout/TOAD configuration
matching using MCNP -> ALARA simulation workflow 00504

-5 1.00E+02
The model_consistenty _ overpredicted isotope .. || “ “ “ “ “ “ Tmn I
. e M II

1.00E+04

Activity (Bq)

activities compared with measurements 1.00E+00
,\? R °9~> <,v &o}“@ S
* Average Overprediction factors: otope :
* Side Sample: 18 days post shot: 1.38 Moot Mossured

 Back Sample: 18 days post shot: 1.25
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RAGER: Rapid Goflection for Experimental Radiochemistry

 Concept: Drop an SRC collection foil post-shot
into a tube that travels down to the HMMA in the
NIF basement

* Sample would be controlled via vacuum and i o [ = -
pneumatic air TR e =i S L Sm————

- u-—w-ﬂ—'ﬂ i

« Sample could be retrieved and measured ~1
minute post-shot regardless of shot yield

* Essential for shorter half-life reaction products

requested by programs Candidate port with direct line (red) to HMMA (lower
right corner).

Rapid sample retrieval at ignition yields would open up many potential nuclear data measurements relevant to programs

Examples include independent fission yields, multiple order processes, excited state reactions, and activation cross sections
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Activation foils provide “spectra” for integrated

experlments
* Foils comprised of isotopes with neutron cross e i T e
section thresholds 10° e
0
e Usi . . = N — >
sing reaction sensitivity to neutron energy, S 402 - 7
(13 » 6
unfold” spectrum Q N
@ 10"
e —]
© 40° -
[ [ | | |
Q 0 5 10 15 20 25
“-" ik Neutron energy, MeV
y =

Cu, Au, Co, Fe, and Ti

a) Godiva critical assembly; b) J. Goda loading a sample holder; c) samples and witness pack

Activation foils are an important diagnostic for integrated systems; low cost and simple to field
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Options for unfolding algorithms exist, but there is
room for improvement

0.15 O Multiple; single energy 59C0(n,p)
. . O 1959, B.D.Ker_n
* Different methods suggest different neutron spectra & 190, DL.Smith %
Q " 1988, Y.lked
When UnfOlded c 0.10 - > 1998, A.F:s;er
. O : < 1998, Y.Kasugai
* Need common benchmark to test and validate 3 O 2007, W.Mannhart
. (b
options 7 =
*
. . o 0.05-
* Few methods include uncertainties S
* Do anyinclude reaction data uncertainties? 0.00
* Uncertainties missing for some candidate (') é 1'0 1'5 2'0
- 197
reactions, e.g., '>’Au(n,3n) Neutron energy, MeV
they exist the data rather than uncertainty in the cross
section?
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Future Investment Recommendations

* Radiochemistry

e Tracers used in extreme environments — need well known nuclear data and
defined radiochemical procedures

* Tracer production, expand nuclear counting capabilities, R&D

* Facility upgrades to enable rapid sample retrieval

* Necessary for short-lived reaction products related to independent fission
yields, multiple order processes, and excited state reactions

* Improvement of reaction cross section measurements to improve

uncertainties
* Radioactive species for tracers, stable targets used as activation foils
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States government. Neitherthe
United States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any warranty,
expressed orimplied, or assumes any legal liability orresponsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents thatits use would notinfringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute orimply its endorsement, recommendation, or favoring by the United States
governmentor Lawrence Livermore National Security, LLC. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States governmentor Lawrence Livermore National Security, LLC, and shall not
be used for advertising or productendorsement purposes.

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under contract DE-AC52-07NA27344. Lawrence Livermore National Security, LLC
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