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The LENZ Instrument @ WNR

Motivation & Methods (Refresher) i~ § —
>> 35Cl(n,p) evaluation in desperate need of updating 25‘3:,( d L ; \Noﬁs\ m
bl @

(esp. for molten salt fast reactor designs) u T. Kawano, Eur. Phys. J. A 57 (2021)

>> LANL partnered with TerraPower for both new 1erraPower:.

measurements & subsequent re-evaluation (DOE GAIN)

Micron S-type (annular)

double-sided silicon

detectors (DSSDs)

>> (n,p) and (n,a) measurements performed at LANSCE
using the LENZ instrument @ WNR (unmoderated
neutrons ~ “fast” spectrum)

>> Statistical (Hauser-Feshbach) part of analysis
updated using code CoH;
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Summary of Key Channels

Final solution to (n,p0) fluctuations:

>> tweak H-F manually to represent average

>> coarse, least-squares fit of data to capture macroscopic features
>> extend below 1.2 MeV to ~140 keV & add as “background” to resonance analysis
>> uncertainty of method on same order as Kalman analysis (following)
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Covariance Generation: Kalman Filter

Method similar to that in M. E. Rising et al., Nuc. Sci. & Eng., 175:1, 81-93 (2017)

First-order approach (derived from Bayes’s theorem) + assumed 20% energy

>> take manually tuned “prior” calculations as input
>> establish pre-set model parameter uncertainties
>> run the filter with select data sets (& weights)

corr’s per data set

* NO cross-channel or
cross-experiment

>> check if posterior and prior calculations are within uncertainty
(if NOT, tweak prior calc or data weights & iterate)

>> apply posterior (relative) uncertainties to prior calculations

Examples:
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Covariance Generation: Kalman Filter
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PRELIMINARY extension to 3/Cl

Experimental data for 3’Cl are much poorer

[n + 37Cl data potentially impactful for fusion systems:
T. D. Bohm and B. A. Lindley, Fus. Sci. & Tech. 79, 995 (2023)]

Decided to fit in a “perturbative” way to 3°Cl, for now:

9

- include both isotopes in same filter, but fit 35Cl first

- then fit 37Cl with reduced weights relative to 3°Cl (~20%)
- also remove clear outliers (many)

:g‘ 45 T { T 1T { L { L { L { T 1T { L { L { T T T { T ]
~ F 37C| —e— Fessler 2000 ]
= n —— Kasugai 1998 |
é 40— ( ’p) —a Belsgagid 1992 =
8 E = this work (prelim.) —#— Gupta 1985 ]
n 35; —+— Ngoc 1980 T
[} - —¥— Hyvoenen-Dabek 1978 —|
3 [ — = ENDF/B-VIIL.O —s— Schantl 1970 ]
(&) - —&— Pasquarelli 1967 —
30— JENDL-5 4/ N\ —a— Mira 1967 =
C > ‘ - —o— Mathur 1966 ]
r —V— Scalan 1958 —
25— - —&— Paul 1953 ]
r // f + ]
20 / \,\ + E
15 i <} %\Q\\ -
o ] 3 ]
E / " E
ok /l 11 l 11| l 11| l 11| l 11 1 l 11| l 11| l L, Ll_l :

4 6 8 10 12 14 16 18 20 22
Incident Neutron Energy (MeV)

Los Alamos

NATIONAL LABORATORY

Cross Section (mb)

©
o

80

70—

60

50

40

30

20

10

0]

- Cl(n,)

T

—— Ngoc 1980 ]
—— Prasad 1966
—v— Scalan 1958
—s— Paul 1953

 —- ENDF/B-VIIL.O
E  — JENDL-5

LIRS L L L LB B B

£ = (Prelim.)

R

-

llllllllllllllll

Incident Neutron Energy (MeV)

K. Hanselman — mini-CSEWG 2024

(Therefore 3>Cl results remain ~unchanged)

>> Multi-isotopic
evaluations key for
more consistent

results (esp.
uncertainties)

>> More data
measurable with LENZ
& being considered
for future run-cycles



Processed with DeCE code by T. Kawano

Summary of Results & Formatting (compared to eNDF/B-vilL0) https://github.com/toshihikokawano/DeCE

\\\\

» Modified:
>> MF=3 (all MT), MF=4* (MT=2), MF=6 (non-elastic channels)
*elastic ang. dist’s now calculated from resonance param’s — less asymm. on avg.

» Replaced:
>> MF=12,14,15 (photon prod. & spectra; now contained in MF=6,MT=102)

« Untouched:
>> MF=2,32 (resonance parameters & cov's) -- ORNL R-matrix (Sayer 2007)

« Brand New:
>> MF=33, MF=8,10 for (n,2n),, (MT=16) information
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Future Work & ENDF/B-IX...

All 35Cl-specific work presented so far is accepted in PRC (publishing imminent), available on the NNDC GitLab
(branch: ENDF/library/neutrons/saved_for_after _VIII.1), and intended for inclusion in ENDF/B-IX
- GitLab version “LANL-TP” passed through TP-led peer review process

Preliminary new 3>Cl(n,p) data have been taken with LENZ from thermal energies up to ~500 keV, using the
moderated neutron source at the Lujan Scattering Center (NNDC)

- several known resonances reproduced, with coverage in the currently data-less 140-300 keV region
- when all planned measurements completed, will further inform low-energy parts of statistical analysis AND
provide for a potential update to the resonance component of the cross section (IX?)

Covariance methods continually under investigation, with an eye toward mitigating underestimation (IX)
- this includes the prelim work on 37Cl, which “could” be part of the ENDF/B-IX package with 3>Cl...

New LANSCE measurements on other relevant channels and isotopes are under discussion (IX?), e.g.:

>>37CI(n,p) & (n,a) with LENZ @ WNR
>> 35/37C|(n,n’g) with COGNAC @ WNR
>> 39/40/41K(n, Z) with LENZ @ WNR
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