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Similar Nuclei Are Widely Interesting,
but for Different Reactions and Outputs

NA-22 ~-Prod. Interests e NA-113 interests span neutron transport
more broadly
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Fusion Activation & Rad. Chem.
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5Li + n Dominated by Uncertain Elastic XS
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6Li(n,t) is ~50x less likely than (n,n) at 14 MeV

6Li(n,n) measurements vary wildly

6Li(n,t) is only a standard until 1 MeV; Unc. climbs to 10% by 4 MeV
ENDF/B-VIII.1 shows (n,n) uncertainties of 10-15% above 1 MeV

This is a problem
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Continuous White-Source (n,n) + (n,n’) at LANL
5Li(n,n) measurements are particularly challenging

e Contaminants, mono-E beams, no active targets, no ~-ray tags

e But: Techniques for white-source elastic scattering measurements
have recently been unlocked at LANSCE with CoGNAC
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Continuous White-Source (n,n) + (n,n’) at LANL

5Li(n,n) measurements are particularly challenging

e Contaminants, mono-E beams, no active targets, no ~-ray tags

e But: Techniques for white-source elastic scattering measurements
have recently been unlocked at LANSCE
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Continuous White-Source (n,n) + (n,n’) at LANL
Producing first-ever n-v correlation measurements from (n,n'v)

. '2C;6.50 MeV

9, - ¥, Correlation Distribution, E" =3.63-3.98 MeV
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“Li + n Also Elastic, but (n,n’v) Shows Promise
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e Effectively only neutron scattering reactions are available
® "Li(n,n'v): First Ex. at 477.6 keV

¢ Higher excited states are broad, complicating measurements

Apart from the total XS, " Li + n nuclear data are in poor shape
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Correlated Measurements are Extremely Powerful

Consider a nucleus with only elastic and inelastic scattering XS’s

o(n,n) =1.0£0.1b (10% unc.)
o(n,n’)=1.0£0.1 b (10% unc.)
Anticorrelated or

No Correlation

} o(n,tot) = 2.0 +0.04 b (2% unc.)

Positive Correlation

-10% . ; ;
Cross sections can vary Cross section must vary in the

within the entire uncertainty + same direction and sum properly
range if the sum is correct ~ Variation range severely limited




‘Be(n,n) Can Refine °Be(n,2n)
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¢ 9Be(n,2n) is unique amongst (n,2n) reactions

— Not accessible via ~ rays or activation — « breakup
e Luckily, two very precise 14 MeV (n,2n) measurements exist

— Also includes one of the only E,,-E,, differential (n,2n) measurements
¢ Unluckily, these measurements disagree by about 8 o
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‘Be(n,n) Can Refine °Be(n,2n)

2o 135cm

Detector 2

T Neutron beam

Collimator
200cm

Detector 2

Detector 1

e Murata et al. utilized 14 MeV beam for E,,-FE,, triple differential
measurement of °Be(n,2n)

e NE-213 = poor E,, resolution = required mono-energetic beams

Correlated White-Source (n,n) - (n,2n) Measurements
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and with (n,n’) when available 11



208Ph(n,n): Unmeasured; (n,2n): One Data Set
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e Great work and updates by P. Brain on Pb evaluations
— Combined existing differential and integral experiments

* (n,n) measurements are either below 50 keV or above 90 MeV
® (n,2n) includes Frehaut 2016, and one 14 MeV Simakov point
¢ Enriched 2°®Pb(n,n) and (n,2n) measurements are needed
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181Ta as an (n,2n) Ref. & Frehaut Correlation
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¢ J. Frehaut measured a myriad of (n,2n) data relative to '¥!Ta(n,2n)

e Later measured (n,2n) cross sections relative to 233U with efficiencies
based on calculations and 252Cf(sf)
— Results were “refurbished” in 2016 by T. Granier and CEA

e Still dominant data for 7>Lu, 209Bi, °6Fe, and many more
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181Ta as an (n,2n) Ref. & Frehaut Correlation
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¢ A truly impressive collection of nuclear data measurements
¢ Also a highly-correlated collection of essential nuclear data

¢ Independent validation of Frehaut (n,2n) and (n,3n) results for many
important nuclei is needed
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Key Take-Home Points

1.

While different agencies focus on specific pieces of nuclear data,
all are interested in any improvements in nuclear data for an
isotope of interest

— If a program is interested in y-production, elastic scattering is still of
interest

Correlated, simultaneous measurements of multiple channels

are powerful because they can force the range of variation to be

limited by more precisely-known quantities (e.g., total cross

section)

New measurements on Li, Be, Pb, and a long list of (n,2n), (n,3n)
reactions are valuable across funding agencies

Investment in nuclear data evaluation methods and efforts must
keep pace with nuclear data needs in order for us to meet our
goals
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THANK YOU!

CoGNAC ~-production measurements for 12C, 160, and 22Si funded by
Defense Nuclear Nonproliferation Research and Development (NA-22).
Elastic scattering development and application to °Be(n,n) funded by
Office of Experimental Science (NA-113). CoGNAC (n,2n) and (n,3n)
development funded by DOE Office of Science Early Career Research
Program.

Direct questions to kkelly@lanl.gov

=
%@ LAUR2521268 | 16
<



