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R-matrix evaluation for light nuclear systems

Compilation
Observation e Combination of single- Evaluation
o Single experiment experiment differential data ® Determination of initial
observations (EXFORI/CSISRS) parameters (E), Yx,c) from
of yield e Compound-system data known/guessed resonance
® Unpolarized: oo, 0, 7(6) deck structure (ENSDF, TUNL-

Processing Testing & Evaluation
® Continuous-energy (ACE) & ® Integral benchmark testing
o Polarization: ek 4 multlgrogp (NDI) formatted (ICSBEP/I_RPhEP/etc)
’ e.g.: 'Li="He(t, t)'He NDEP) cross section libraries (NJOY) o Other applications codes
Ay, Cry, KZ ,2(7), .- +4He(t, n)6L1+6Ll(n n)®Li 2OOpt|m|zat|on 2E)f
e.g. 0'(4He(t, TL)GLI) X = Zexpt’s Xexpt
RULE: Include all data

Exterior region

. . . |\IJC> = |]C>_Zc’ |ﬁc’>Scc
Cross section evaluation for light-eclements (A=20) P
cd = Occ cc

: : : —
— Quantum mechanical R-matrix (Wigner) P

Channel surface

— Correlates all experimental data simultaneously &, ¢ R
pol/unpol; neutrons/charged-particles \ S
* Elastic/inel/transfer/reaction/break-up - S» //
» Upper energy-limit restricted (break-up) < 20 Interior region o
MeV [H + L] [X) = Ex|\)

|¥) = [H + % — E| ' Z|0)
fB - Zc 2m |ac><ac|(pr +ZB )
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Present Results for n-p
Scattering ('H) Evaluation
up to 100 MeV



Charge-Independent Analysis of N-N System up to 100 MeV

p+p 3.26 3
n+n 3.26 3
n+p 3.26 3
84.6
m-
p(p.p)p 1311 6(8), Ay(p), Gy Cyyr K, K, KX
n(n,n)n 1 0 oint(ao)
p(n,n)p 5285 4622 oy, 6(0), A(n), C,y, K
p(n,y)d 85 159  Giny 0(6), Aj(n)
d(y,n)p 82 88  Giny 6(0), Z(y), Py(n)
Total 6170 6180 19

# free parameters = 52 = y?/degree of freedom = 1.01
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Elastic Cross Section
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Ratio

1.002

1.001

0.999

0.998

Ratio of Elastic Cross Sections

Less than +0.2% deviation from
ENDF/B VIII.1 for 0 < En <20 MeV
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Total Cross Section

Ratio of Total Cross Sections
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Differential Data

p(n,n)p Py(n) E= 10.030 MeV

2% T T T T T
*10°
I 90% Cl
calculated at E=10.030
+ Py(n) p(n,n)p En=10.03 MeV
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p(n,n)p do/dQ E= 10.040 MeV
80 T T T

*40-3
10 s 90% Cl
calculated at E=10.040
+ diff. x-sect. p(n,n)p En=10.04 MeV
78 -

do/dQ

CM

120

150
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Differential Data, cont.

(n,n)p Ay(n) E= 12.000 MeV

| | | | |
I 90% ClI
calculated at E=12.000
+ Ay(n) p(n,n)p En=12.00 MeV
— X Ay(n)  p(n,n)p En=12.00 MeV preliminary data

<o Ay(n) p(n,n)p En=12.00 MeV
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p(n,n)p do/dQ E= 14.100 MeV

70 T T T T T
*10°
I 90% Cl
calculated at E=14.100
+ diff. x-sect. p(n,n)p En=14.10 MeV
65 F X diff. x-sect. p(n,n)p En=14.10 MeV —
<& diff. x-sect. p(n,n)p En=14.10 MeV
v diff. x-sect. p(n,n)p En=14.10 MeV
B diff. x-sect. p(n,n)p En=14.10 MeV
* diff. x-sect. p(n,n)p En=14.10 MeV
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Differential Data, cont.

p(n,n)p do/dQ E= 22.500 MeV
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+ diff. x-sect. p(n,n)p En=22.50 MeV
x diff. x-sect. p(n,n)p En=22.50 MeV
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p(n,n)p Py(n) E= 23.100 MeV
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calculated at E=23.100
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Differential Data, cont.

p(n,n)p Ay(n) E= 30.000 MeV p(n,n)p do/dQ E= 32.500 MeV
149 T T T T T e T T T T T
10 s 90% Cl 10 s 90% Cl
120 | calculated at E=30.000 a 32 calculated at E=32.500 —
+ Ay(n) p(n,n)p En=30.00 MeV + n-p differential cross section (lab) 32.5 MeV Scanlon ‘6
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Differential Data, cont.

p(n,n)p do/dQ E= 37.500 MeV
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*1 0-3

28 |-

14

I 90% Cl

calculated at E=37.500

n-p differential cross section 37.5 MeV Scanlon ‘63
p(n,n)p differential cross section 37.5 MeV Benck 96

+
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p(n,n)p do/dQ E= 50.000 MeV

22
*1 0-3
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10

I 90% Cl

calculated at E=50.000
n-p differential cross section 50.0 MeV Fink ‘90 —
n-p differential cross section 50.0 MeV Bol ‘85 %

n-p differential cross section 50.0 MeV Montgomery ‘77
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p(n,n)p do/dQ E= 62.500 MeV

29 T T T T T
10 s 90% Cl
18 calculated at E=62.500 —

+ n-p diff. xs J.P.SCANLON et al. (63) 62.5 MeV
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p(n,n)p do/dQ E=  80.000 MeV
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. 90% Cl
16 calculated at E=80.000 —

+ n-p diff. xs J.P.SCANLON et al. (63) 80 MeV
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p(n,n)p do/dQ E= 91.000 MeV
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calculated at E=91.000 —
n-p diff. xs R.H.STAHL et al. (54) 91 MeV

30 180

NATIONAL LABORATORY

1% Los Alamos

do/dQ

p(n,n)p do/dQ E= 99.000 MeV

[ mm 90% CI

5 calculated at E=99.000
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Differences with ENDF 8.1 Angular Distributions

Differential Cross Section @ 5 MeV Differential Cross Section @ 10 MeV
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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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Summary of ’Li R-matrix Analysis

Ccrammet | e | o m) |

t+4He
n+5Li

d+5He
n+6Li*
p+fHe

n+6Li*"

Energy .

“He(t,t)*He
4He(t,n)sLi
4He(t,n)sLi*
6Li(n,t)*He

6Li(n,Nno) 6Li

sLi(n,d) eLi

6Li(n,n;) 5Li*

6Li(n,p) 6He

6Li(n,n3)
6L

Totals
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E;=3-17 MeV
E;=8.75-14.4 MeV
E.=8.75-14.4 MeV
E,=0-8 MeV
E,=0-8 MeV

E,=0-8 MeV
E,=0-8 MeV
E,=0-8 MeV
E,=0-8 MeV

5
3
1
1
1

1 5.5
Observables # data x2/point
points

4.0
5.0
7.5
5.0
5.0

o(6), Ay(6)

o(0)
o(0)

Gint , 6(6)

Gint , O71,5(0),

Py(6)

Gint , 6(6)
Gint » 5(6)
Gint , 6(6)

Gint

17

1689
39

3
2840
1451

28
175

92

41

6358

*For 170 free parameters, y%/v = 1.43

1.03
1.14
0.42
1.44
1.36

11.9
211
1.58
0.30

1.39*
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@100 i
S
o)
n-003_Li_006.endf mat=325 mt=105
1X.0
| 6li-n-t-data.txt
101 2% 1070 3x10'4x10"' 6x10°1 100
E (MeV)
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7Li 1 n-003_Li_006.endf mat=325 mt=105
—IX.0
update ] | 6li-n-t-data.txt
@100 4
S) |
&}
|
I
Wl
|
101 10°
E (MeV)
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1.04 % 10° -6li-n-t-eval.txt /std-003_Li_006.endf; mt105
04 x ]
1.02 x 109 -
10° - I
9.8 x 10711
9.6 x 107" I
" 0.9615
107 107 1073 102 101 10°
E (MeV)



1.02 x 10°
——6li-n-t-eval.txt /std-003_Li_006.endf; mt105

1.01 x 10°

update

10° —

9.9 x 1071+

9.8 x 1071

9.7 x 10711

9.6 x 1071

9.5)(].0—1 T T T T T T T T T T L R R | T T T T T T T T T
10—5 10—4 10—3 102 101 10°
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Coefficient ratio %

Li

MF=6 MT=105 — ZAP=1003 (A1l & A2 ratios: lgcf/ std-003 Li_006.endf)
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Coefficient ratio %

MF=6 MT=105 — ZAP=1003 (Al & A2 ratios, 0.1-0.4 MeV window)
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13C | ENDF/B-VIII.O

Reaction-by-reaction summary

Reaction E# Emin (MeV) Emax (MeV) Obs# Pts Sca
12c(n,n)12c 4839 6e-10 6.4489 4839 2437 4595
12c(n,n)1l2c* 149 4.8197 6.58 149 322 127
ENDF/B-I1X.0

Reaction-by-reaction summary

Reaction E# Emin (MeV) Emax (MeV) Obs# Pts Sca
12c(n,n)12c 6627 6e-10 15.97 6883 7102 6235
12c(n,n)1l2c* 1219 4.8106 16.41 1219 2037 108
12c (n,gamma) 13c 7 0.021 0.199 7 0 7
12c (n, 4he) 9be 177 7.24 21.56 177 0 177
9be (4he, 4he) 9be 551 0.366328 3.552 551 0 620
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