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Motivation: Active Interrogation
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CoGNAC n-γ Approach to Scattering
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• PSD n-γ separation ⇒ treat each detector as both n and γ detector

– Incident Neutron Energy, Einc
n , from t0-tγ time difference

– Outgoing Neutron Energy, Eout
n , from tγ-tn time difference

• Chi-Nu liquid scintillator array and nearly complete CLYC-6 detector
array
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Iterative Unfolding of Neutron Spectra
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3445 (3+) + 3448 (1+)

3856 (3+)

4555 (4+) + ?

One or more states 
around 5100 keV

One or more states 
around 5500 keV

4085
(1,2+)

54Fe

Data
Unfolded Peak Assignments: Known ; Likely ; Unsure• Improves

resolution of state
excitations

• Corrects for
environmental n
scattering effects

• Extract full
strength of each
excited state
– Demonstrated

with continuous
PFNS in MCNP
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α|β (E) =
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Kelly et al., NIMA 1010 (2021) 165552
Kelly et al., NIMA 866 (2017) 182
Gold, Report ANL-6984 (1964)



Preliminary 12C(n,n′γ) Cross Section

LA-UR-23-22007 | 6

6 8 10 12 14 16

 (MeV)inc
nEIncident Neutron Energy, 

0

0.1

0.2

0.3

0.4

0.5

C
ro

ss
 S

ec
tio

n 
(b

)

),  Ex = 4.440 MeV [g00, 2+], Iter.-1, Unres, LegFit-01γC(n,n'12

γ-nPresent: 
-onlyγPresent: 

ENDF/B-VIII.0
γWender (1988) - 
γRogers (1975) - 
nRamirez (2022) - 

nHaouat (1978) - 
nGlasgow (1976) - 

 14 MeV≈ inc
nEAll 

),  Ex = 4.440 MeV [g00, 2+], Iter.-1, Unres, LegFit-01γC(n,n'12

• Correlated n-γ Distributions: Kelly et al., PRC 104 (2021) 064614
• γ-Production XS motivated liq. scint. γ-ray Investigations
• No competing γ rays ⇒ high-res, high-stats 12C(n,n′γ) XS



27Al(n,n′γ) Cross Sections
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• All data normalized to 4.0 MeV data point at Ex = 2212 keV

0 1 2 3 4 5 6 7 8 9

 (MeV)inc
nEIncident Neutron Energy, 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

C
ro

ss
 S

ec
tio

n 
(b

)

), Ex = 0.929 MeV [g00, 1/2+,3/2+], Iter.-1, Unres, LegFit-01γAl(n,n'27

 (scaled)γ-nLiq. 
γPrelim. CLYC 

ENDF/B-VIII.0
nKinney (1970) - 

nTowle (1984) - 
nMartin (1968) - 

γVoss (1972) - 
nWhisnant (1984) - 

γKiehn (1954) - 
nChien (1966) - 

), Ex = 0.929 MeV [g00, 1/2+,3/2+], Iter.-1, Unres, LegFit-01γAl(n,n'27

2 3 4 5 6 7 8 9 10 11

 (MeV)inc
nEIncident Neutron Energy, 

0

0.02

0.04

0.06

0.08

0.1

0.12

C
ro

ss
 S

ec
tio

n 
(b

)

), Ex = 2.735 MeV [g02, 5/2+], Iter.-1, Unres, LegFit-01γAl(n,n'27

 (scaled)γ-nLiq. 
ENDF/B-VIII.0

nKinney (1970) - 
nTowle (1984) - 
nMartin (1968) - 

), Ex = 2.735 MeV [g02, 5/2+], Iter.-1, Unres, LegFit-01γAl(n,n'27 2 3 4 5 6 7 8 9 10 11

 (MeV)inc
nEIncident Neutron Energy, 

0

0.05

0.1

0.15

0.2

0.25

C
ro

ss
 S

ec
tio

n 
(b

)

), Ex = 2.212 MeV [g01, (7/2+)], Iter.-1, Unres, LegFit-01γAl(n,n'27

 (scaled)γ-nLiq. 
ENDF/B-VIII.0

nKinney (1970) - 
nTowle (1984) - 
nMartin (1968) - 

γVoss (1972) - 
nWhisnant (1984) - 

γKiehn (1984) - 

), Ex = 2.212 MeV [g01, (7/2+)], Iter.-1, Unres, LegFit-01γAl(n,n'27

2 3 4 5 6 7 8 9 10 11

 (MeV)inc
nEIncident Neutron Energy, 

0

0.05

0.1

0.15

0.2

0.25

C
ro

ss
 S

ec
tio

n 
(b

)

), Ex = 2.993 MeV [g03, 3/2+,(9/2+)], Iter.-1, Unres, LegFit-01γAl(n,n'27

 (scaled)γ-nLiq. 

ENDF/B-VIII.0

nKinney (1970) - 

nTowle (1984) - 

), Ex = 2.993 MeV [g03, 3/2+,(9/2+)], Iter.-1, Unres, LegFit-01γAl(n,n'27

Ex = 844 & 1015 keV Ex = 2212 keV

Ex = 2735 keV Ex = 2982 & 3004 keV



Preliminary Results for 16O(n,n′γ)
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Future Work

• 27Al(n,n′γ) data under review

• 16O(n,n′γ) results preliminary, but promising

• 28Si(n,n′γ) data, and likely more 16O data, to be collected during
the 2023 run cycle
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