1% Los Alamos

NATIONAL LABORATORY

12C+n evaluation work extending to
16 MeV neutron

Hirokazu Sasaki, Mark Paris, Gerry Hale (T-2)
Som Paneru (P-3)

Nuclear Data Week 2024 (CSEWG-NDAG)
November 7, 2024

LA-UR-24-31740

4/5/21 1




12C+n evaluation in ENDF

R-matrix evaluation has been done up to 6.5 MeV neutron in the
current ENDF/B-VIII.1 library
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Recent (n,n’y) and (n,a) measurements at LANSCE
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We have new data applicable for the evaluation up to 16 MeV s



R-matrix theory

* Schrodinger equations of two different regions

(Ho + V)¢ = By (r < ac)
,wext ,l/}ext (,,, > a'c)

Exterior (r>a.)
V=0

Interior (r<a,)
V+0

V... Nuclear force
General solution in r>a. : c... channel
& = {0 Ie (1) = SecrOc (7)} fc

S- matrlx

* Observables (cross sections, polarizations,..) are calculated from S-matrix that is
defined on the surface of the boundary at r=a_

- (Phenomenological) R-matrix theory describes the S-matrix with
the R-matrix below instead of solving the Schrodinger equation in r< a.

YT *
_R_CC/ = ~ E)‘C_ CE Yre X /rzaC dS (chA

R-matrix A... level (Ho+ V)X = ExX)

» R-matrix analysis searches for suitable R-matrix parameters {E, , v;.}
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R-matrix analysis with EDA

We use Energy Dependence Analysis (EDA) code for the R-matrix evaluation

Rematrix Data-related * Construct R-matrix with R-matrix
’ arameters.
—> A PREREEE \4——  parameters {E,, V,..}
Rc'czz cac normalizations
» E\-E energy shifts
» Calculate T- (or S-) matrix and form
¢ calculate o
observable quantities
T- (or S-) matrix elements
¢ — - Estimate %2 and compare the calculation
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formalism.
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Integrated cross section of inelastic scatterings
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We found R-matrix parameters reproducing CoGNAC data
up to 16 MeV neutron



Integrated cross section of inelastic scatterings
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Inelastic differential cross sections (6.53-16.4 MeV)
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Other inelastic DA data (8.0

0-14.9 MeV)
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Elastic differential cross sections (7.55-14.93 MeV)
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12C+n Total cross section

12G(n, tot)
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- EDA reproduces sharp peaks below 6.45 MeV

- EDA underestimates above 15 MeV

» More elastic scattering data above 15MeV reduces the discrepancy?
Contributions from the breakup 2C(n,n"2a) o (~30%) and 2C(n,p)*?B (< 5%) ?
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Integrated cross sections of 12C(") +n 2 ?Be+‘He
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EDA can reproduce overall structure of

12C(n,*He)’Be and that of °Be(*He,n) 12C"") 0y mm——— L

Incident a-particle (MeV)

The fit does not work well around 3.5 MeV a-particle for °Be(n,a) 12C due to the
restriction from —8.5 MeV neutron in the inverse reaction e



Summary

- We extended the 12C+n evaluation based on EDA R-matrix analysis from 6.45 MeV
to 16 MeV neutron

* We found good R-matrix parameters to reproduce recent LANSCE measurements
of inelastic scatterings and (n,a) channels

* The fit well works for the elastic and total cross section data up to 14 MeV neutron

* The discrepancy of °Be(n,a) 12C is relevant to the fit of the reverse reaction
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Outlook

* Further optimization of R-matrix parameters for the better convergences and
for decreasing the value of current y? per degree of freedom (= 2.60)

* More integrated or reaction cross section data from various measurements
* Derivation of resonance parameters and covariances

* Development of the nuclear model to include the breakup reaction 12C(n,n" 2a) o s



