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Observation
 Single experiment 

observations
 of yield

 Unpolarized: 
 Polarization: 
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Nuclear Data Pipeline 
EDA cross section evaluation

Compilation
 Combination of single-

experiment differential data
(EXFOR/CSISRS)

 Compound-system data
deck
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RULE: Include all data

Evaluation
 Determination of initial

parameters ( ) from
known/guessed resonance
structure (ENSDF, TUNL-

NDEP)
 Optimization of 

Processing
 Continuous-energy (ACE) &
multigroup (NDI) formatted

cross section libraries (NJOY)

Optimize (currently via email )

Testing & Evaluation
 Integral benchmark testing

(ICSBEP/IRPhEP/etc)
 Other applications codes

Interior region 
 

Channel surface 
 

Exterior region 
 

 
 

Text

R-matrix evaluation for light nuclear systems

2

• Cross section evaluation for light-elements (A≦20)
– Quantum mechanical R-matrix (Wigner)
– Correlates all experimental data simultaneously

• pol/unpol; neutrons/charged-particles
• Elastic/inel/transfer/reaction/break-up
• Upper energy-limit restricted (break-up) < 20 

MeV
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Present Results for n-p 
Scattering (1H) Evaluation 

up to 100 MeV 
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Charge-Independent Analysis of N-N System up to 100 MeV
Channel ac (fm) lmax 

p+p 3.26 3

n+n 3.26 3

n+p 3.26 3

g+d 84.6 1
Reaction # Pts. c2 Observable Types 

p(p,p)p 717 1311 s(q), Ay(p), Cx,x, Cy,y, Kx
x’, Ky

y’, Kz
x’ 

n(n,n)n 1 0 sint (a0)

p(n,n)p 5285 4622 sT, s(q), Ay(n), Cy,y, Ky
y’ 

p(n,g)d 85 159 sint, s(q), Ay(n) 

d(g,n)p 82 88 sint, s(q), S(g), Py(n) 

Total 6170 6180 19

# free parameters = 52 Þ c2/degree of freedom = 1.01
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p + n total
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Differential Data

p(n,n)p  Py(n) E=   10.030 MeV
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Differential Data, cont.

p(n,n)p d!/d" E=   14.100 MeV
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Differential Data, cont.

p(n,n)p d!/d" E=   22.500 MeV
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Differential Data, cont.

p(n,n)p  Ay(n) E=   30.000 MeV
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Differential Data, cont.

p(n,n)p d!/d" E=   37.500 MeV
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p(n,n)p d!/d" E=   62.500 MeV
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p(n,n)p d!/d" E=   91.000 MeV
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Differences with ENDF 8.1 Angular Distributions

0.11

0.115

0.12

0.125

0.13

0.135

0.14

0 30 60 90 120 150 180

Differential Cross Section @ 5 MeV

8.1@5
9.0@5

d
σ

/d
Ω

 (
b
/s

r.
)

θ
c.m.

Differences ≤ 3%

0.06

0.065

0.07

0.075

0.08

0 30 60 90 120 150 180

Differential Cross Section @ 10 MeV

8.1@10
9.0@10

d
σ

/d
Ω

 (
b
/s

r.
)

θ
c.m.

Differences < 4%

0.045

0.047

0.049

0.051

0.053

0.055

0 30 60 90 120 150 180

Differential Cross Section @ 15 MeV

8.1@15
9.0@15

d
σ

/d
Ω

 (
b
/s

r.
)

θ
c.m.

Differences < 2.5%

0.036

0.037

0.038

0.039

0.04

0.041

0.042

0.043

0 30 60 90 120 150 180

Differential Cross Section @ 20 MeV

8.1
9.0

d
σ

/d
Ω

 (
b
/s

r.
)

θ
c.m.

Differences ≤ 1%



161/29/26

Conclusions

• NN analysis up to 100 MeV gives a good description of most of the data included 
for all the reactions considered.

• Integrated n-p cross sections do not change from the previous analysis by more 
than 0.2% up to 20 MeV.

• Much larger deviations occur for the angular distributions,  becoming as large as 
~4% at 10 MeV.  This should be investigated further, as this is the energy of one 
of the better measurements of the angular distribution (Boukharouba et al.)
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Channel lmax ac (fm)

t+4He 5 4.0

n+6Li 3 5.0

d+5He 1 7.5

n+6Li* 1 5.0

p+6He 1 5.0

n+6Li** 1 5.5
Reaction Energy range Observables # data 

points
c2/point

4He(t,t)4He Et = 3-17 MeV s(q), Ay(q) 1689 1.03
4He(t,n)6Li Et = 8.75-14.4 MeV s(q) 39 1.14
4He(t,n)6Li* Et = 8.75-14.4 MeV s(q) 3 0.42
6Li(n,t)4He En = 0-8 MeV sint , s(q) 2840 1.44
6Li(n,n0) 6Li En = 0-8 MeV sint , sT, s(q), 

Py(q)
1451 1.36

6Li(n,d) 6Li En = 0-8 MeV sint , s(q) 28 11.9
6Li(n,n1) 6Li* En = 0-8 MeV sint , s(q) 175  2.11

6Li(n,p) 6He En = 0-8 MeV sint , s(q) 92 1.58

6Li(n,n2) 

6Li**

En = 0-8 MeV sint 41 0.30

Totals 17 6358 1.39*

*For 170 free parameters, c2/n = 1.43

Summary of 7Li R-matrix Analysis
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7Li
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7Li
update
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7Li
update

0.9615
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7Li
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13C ENDF/B-VIII.0

ENDF/B-IX.0



251/29/26

13C
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13C
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13C
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