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Outline

e R-matrix formalism

* Neutron sublibrary: 170 system
— n+1%0: focus on absorption by (n, sy¢)

<



R-matrix formalism EDA R-matrix

Channel surface
yc c R3A73

Interior region
[H + Z5||\) = Ex|\)
¥) = [H+ L5 — E] ' Z5|¥)
L5 =3, g lac){ac| (B, +iBe)

Rppe = (C|[H+ L5 — E] o) = 3, L£000)

Observation
o Single experiment
observations
of yield
e Unpolarized: oy, 0, o(6)
e Polarization:
Ay, Cow , KZ ,2(7),. ..

e.g. o(*He(t, n)%Li)

"9

Processes: elastic, inelastic,

evaluation transfer, break-up*,...
Unpolarized:
Exterior region procedu re 1ot (E),0(E), do/dQ(E, 0)

Polarized: Py, Ay, Cr ...

r N\ v
/ R-matrix Optimize

|\IJC> = |j0> - Zc’ |ﬁC’>SC’c

Seer = Geer + 2i Ter s oo X Xepa (P)
Rc’c = Z)\ E-E)\ _ Z ["MXiM (p)—R: } 2
p= {E)‘ , ’)/)\YC} Min AR,
nySy—1
l + [ ASn/Su ]
e N
= T-matrix

T=-0"'"F+0 'R0
R'=R'+B-1L
. J

|

Observables
ps =TpiT?! NO

_ Trp0
<~LM (p) X <Of> - Tr ;//J YES

Solution/Postprocessing
1) Construct ENDF-6
formatted evaluated data file
2) Covariance data
3) Post-process break-up
spectra with SPECT code

‘VPX%]DA(I)” le

-

E\—E

Nuclear Data Pipeline
EDA cross section evaluation

Compilation / \

e Combination of single- Evaluation
experiment differential data e Determination of initial
(EXFOR/CSISRS) parameters (£, Yx.) from Processing Testing & Evaluation
e Comp ound—sky stam data known/guessed resonance ® Continuous-energy (ACE) & ® Integral benchmark testing
- iec . structure (ENSDF, TUNL- multigroup (NDI) formatted (ICSBEP/IRPhEP/etc)
e.g.: 'Li="He(t, t)'He NDEP) cross section libraries (NJOY) o Other applications codes

+*He(t, n)*Li+%Li(n, n)®Li e Optimization of

2 _ 2
X = Zexpt’s Xexpt

+ .
RULE: Include all data

Optimize (currently via email )



LANL light-element program

* All compound systems A<20 (and a few above)

 Recent work in 2020:

Projectile\ Target 'H ’H SH SHe ‘He °Li Li
n 2020  VIII.O  VIII.O  VIII.O VIII.O 2020 VIII.O
D 2020  VIII.O  VIII.O  VIII.O 2020 VIII.O VIII.O
d VIII.O  VIII.O 2020 VIII.0? VIII.O VIII.O
t VIII.0O  VIII.O 2020 VIII.O TENDLO09
h(3He) VIII.O VIII.O VIII.O TENDLO09
« VIII.O TENDL0O9 TENDLO9

UB (a+’Li, a+’Li", t+*Be, n+!'B); ''C (a+'Be, p+10B)

2C (a+%Be, p+''B)

13C (n+12C, n+12C%)

14C (n+13C)

BN (p+'C, n+!“N, a+!'B)

160 (g+160, a+12C)

70 (n+190, a+1°C)

BNe (p+!"F, p+'"F", a+'%0O)

<




n + 160
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0xygen-1 6 1o° - —— 1-008_O_016.endf mat=825 mt=800
. — n-008_O 016.endf mat=825 mt=801
ENDF/B-VIII.0 neutron sublibrary 1-008_O_016.endf mat=825 mt=802
— n-008_O_016.endf mat=825 mt=803
Neutron absorption .
10 1
— mf3/mt800,...,803
- mt800 (1, ay) _
O
= E ~2.36 MeV EE |
2
» dominant until mt801 ® 103
-mt801 (n, ;)
= E ~5.64 MeV
= exponential rise <8 MeV 10> 4
= turn-over, dies
-mt802 (n, ay)
= E ~6.27 MeV 10 | , | |
* Dominates > 8.5 MeV or so 0 5 10 15 20 25 30
E [MeV]
- mt803 (n, a3)
N AZ JT E,(13C) MeV) Qna; MeV)  E, (MeV) E.(1T0) (MeV)
" Er-6.45 MeV 130, 17 0.0 —2215 2355 6.3587"
= comparable to (n, a;)10-15 MeV 3¢, 1* 3.08944 —5.304 5639 9.447
» dies > 15 MeV 1B¢C, 3~ 3.68451 —-5.899  6.271 10.041
130, 2% 3.85381 —6.068 6451 10.211
130, 3* 6.864 —9.079  9.651 13.219




o(E) [b]

Oxygen-16 (n.ag)

ENDF/B-VIII.0 neutron sublibrary — Bair & Haas >73
' N : " (a,m)
| | | m - * Time-reversal inv.
107 - i ‘!l m t ~f w mﬂfﬂwlﬂﬂ \H}HHHH'I 3 T oy aozs ‘ aols,n l's’

| 4 | = Applicable
107 E i H } 3 1 MeV <E, < 5.4 MeV,
] i I M i i 0
|| I 3.17MeV <E,, < 6.75 MeV
107 ’ s = ¢f. Davis, Bonner,

Worley & Bass 1963

107 3
n-008 O 016.endf mat=825 mt=800 |
{  al3c-nl60-bair-1973-output-0.95.txt |
| davis-a0-1963.txt I

10” . : : :
3 4 5 6 7 8

E [MeV]

Figure 2: Comparison of °O(n, ag)!3C data by Davis[1] to that of Bair[2], converted from the Bair
measurement of 13C(c, ng)1°0 to the inverse reaction *°O(n, o) 3 C via Eq. (6) and compared to ENDF/B-
VIII.O.
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o(E) [b]

Oxygen-16 (n.ag)

ENDF/B-VIII.0 neutron sublibrary — Seitz & Huber 1955
n-008 O _016.endf mat=825 mt=800
¥ | Seitz-1955.txt
10 1]
107 1
1()-3 T T T T T T T
34 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2

E [MeV]



Oxygen-16

ENDF/B-VIII.0 neutron sublibrary

(Tl. g )
— Ratio of Bair & Haas
to Seitz & Huber

3.0
n-008 O _016.endf mat=825 mt=800
al3c-nl160-bair-1973-output-0.95.txt/seitz-1955.txt
2.5 1
2.0 A1
15 -.-. . . ~...”.Cq'
s .
&0 .O L od (3
10 d ce e ..0' . o
Ve
0.5
0.0 1 I I I I
3.7 3.8 3.9 4.0 4.1
E, [MeV]

<

Figure 5: Ratio (dimensionless) of 1°0(n, ) '?C data by Bair[2] to that of Seitz & Huber[3], converted from
the Bair measurement of *C(c, n)1°0 to the inverse reaction 190(n, ag)3C via Eq. (6) and compared,
for purposes of resonance positions only, to the cross section in barns of ENDF/B-VIII.O. The ratio of these
cross sections has been interpolated to energies corresponding to the unionized grid of both experiments in

their region of overlap.




2.5 1

1.5 1

0.5 1

Oxygen-16

ENDF/B-VIII.0 neutron sublibrary

N

(Tl. g )
— Ratio of Bair & Haas
to Davis et al.

n-008 O 016.endf mat=825 mt=800
al3c-nl60-bair-1973-output-0.95.txt/davis-a0-1963 .txt
2.0 - DR
e JY . '.‘.
1.0 ’ .
0 5.1 5.2 53 5.4

s
E, [McV]

5.5

5.6

5.7

Figure 6: Ratio (dimensionless) of 60(n, ag)'?C data by Bair[2] to that of Davis et al.[1], converted from
the Bair measurement of 3C(a, ng)'®Oto the inverse reaction °0(n, ag)'3C via Eq. (6) and compared,

<

their region of overlap.

"\ for purposes of resonance positions only, to the cross section in barns of ENDF/B-VIIL.O. The ratio of these
G cross sections has been interpolated to energies corresponding to the unionized grid of both experiments in




o(E) [b]

Oxygen-16 (n.ag)

ENDF/B-VIII.0 neutron sublibrary — Parnell, Dandy &

Wankling 1968
= 8.0 too large

n-008 O 016.endf mat=825 mt=800

{  parnell-dandy-wankling-n-a0-1968.txt

8 9 10 11 12
E [MeV]

Comparison of '°O(n, ag)3C data by Parnell et al.[4] compared to ENDF/B-VIILO.



o(E) [b]

Oxygen-16

ENDF/B-VIII.0 neutron sublibrary

10

10

0

(n.ag)

— Giorginis re-
evaluation

I

n-008 O 016.endf mat=825 mt=107

giorginis-2014.txt

10"

2%10"



o(E) [b]

Oxygen-16

ENDF/B-VIII.0 neutron sublibrary

10

10

10

0

n-008 O 016.endf mat=825 mt=800
khryachkov-2012-n-alpha.txt

5x10° 6x10° 7x10° 8x 10
E, [MeV]

(20181001A) Subents 008,011 superseded
(20210401R) Data were received from T.Khromyleva and
(20210401A) added in Subents 005, 006, 007.

(n.ag)

— Khryachov updated




o(E) [b]

Oxygen-16 (n.ag)

0
1073 ; updated
10"
10 E U |

n-008 O 016.endf mat=825 mt=800
{  prusachenko-2022-n-alpha-data.txt

10 0 0 0 L0 0

4x10 5x10 6x10 7 %10 8x10

FE, [MeV]

Comparison of 10(n, o) 2022 data by Prusachenko et al.[9] compared to ENDF/B-VIILO.
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o(E) [b]

Oxygen-16

ENDF/B-VIII.0 neutron sublibrary

t

n-008 O 016.endf mat=825 mt=801

davis-al-1963.txt

6.5 7.0 75 8.0 8.5 9.0
E [MeV]

(n.a;)

— Davis et al. 1963




o(E) [b]

Oxygen-16 (n.ay)

n-008_O 016.endf mat=825 mt=107

0 | bormann-1963-n-atot.txt

107 7 N
| L
' |

10" 1 -

2
10 I N N N N N N N 1

1.2x10 1.3x10 1.4%x10 1.5x10 1.6x10 1.7x10 1.8x10 1.9x10 2x10

FE, [MeV]
Comparison of 190(n, a,y) 1963 data by Borman[8] compared to ENDF/B-VIILO.
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o(E) [b]

Oxygen-16

ENDF/B-VIII.0 neutron sublibrary

(n, Xtot )

— Cierjacks 1980

107 7

I

n-008 O 016.endf mat=825 mt=1

cierjacks-1980-tot.txt

4x10°

6x10°

E, [MeV]

10

2%10'
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Oxygen-16 Update for ENDF/B-VIII.150

* Bair & Haas / ENDF/B-VI.8 (pre-Harissopulos) scale 1s correct for (n, a)
e Scale mt=801,802,803 (n, a,) x = 1,2,3 by factor 0.5

endf04 mat=825 mt=801
{  endfb81-data-comp/davis-al-1963.txt [

107 3

107 3 |
5 | |
@ |
[ _

107 3

107 3

10-5 T T T T T T T

5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0

E [MeV]



Oxygen-16 Update for ENDF/B-VIII.150

* Bair & Haas / ENDF/B-VI.8 (pre-Harissopulos) scale 1s correct for (n, a)
e Scale mt=801,802,803 (n, a,) x = 1,2,3 by factor 0.5

endf04 mat=825 mt=107 i
{  endfb81-data-comp/parnell-dandy-wankling-n-atot-1968.txt

|

10 7

o(E) [b]

E [MeV]



Oxygen-16 Update for ENDF/B-VIII.150

* Bair & Haas / ENDF/B-VI.8 (pre-Harissopulos) scale 1s correct for (n, a)
e Scale mt=801,802,803 (n, a,) x = 1,2,3 by factor 0.5

10 7

o(E) [b]

endf03 mat=825 mt=107
{  endfb81-data-comp/bormann-1963-n-atot.txt

8 10 12 14 16 18 20
E [MeV]



Preliminary n+160 testing
XCP-5 LANL

A E81-B0 + E80 23°Pu, Mean Abs. Bias = 1302.09 pcm
o [E81-B0 + E80 23°Pu + New LANL 60, Mean Abs. Bias = 1312.36 pcm

1.030 A a

1.025 -

1.020 -

1.015 - 5

1.010 -

1.005 -

Neutron Multiplication Factor (kes) C/E

1,000 == m e e

0.995 : .

Average Neutron Energy Causing Fission (MeV)



Preliminary n+160 testing
XCP-5 LANL

A E81-B0 + E80 23°Pu, Mean Abs. Bias = 1302.09 pcm
o E81-B0 + E80 23°Pu + New LANL '®0, Mean Abs. Bias = 1312.36 pcm

1.030 .

1.025 +

1.020 A

1.015 A &

1.010 A

1.005 A

Neutron Multiplication Factor (kess) C/E

1.000 4= = === = e e

Q
6 Q
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Chi**2/DoF

Preliminary n+160 testing
IAEA/NDS

1.5

1.0

U233 Falstaff Programme
Cunulative Chi**2 per degree of freedom

U233 Falstaff Programme

v.s. fraction of above-thermal fission
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S
[+)]

Delta k-eff (10° pem)

Preliminary n+160 testing

IAEA/NDS

ICSBEP Benchmark Summary Results
Integral Parameter Intercomparison

A

'y

I T T T N =

N

S 7
S,
7

—— eB80_INDEN27d
- - - eB0-INDENR7mO16
O 1 Godiva

4 Jezebel (r4)
65 Jezebel-240
8 Flattop—Pu
8
9

Flattop—-23
VNIIEF-239Pu(d, 98%)

11 Jemima—-1d

® 14 Jemima—4d

2 4

8 10
Benchmark

14

Delta k—-eff (10° pcm)

1.0

0.5

ICSBEP PU-SOL-THERM SG-34 Benchmarks
v.s. above—thermal leakage fraction

;d LI I T rrrrr Fit e80_INDEN27m T 7T I T rrrrrurrT I:
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Charged-particle sublibraries



Outline

e R-matrix formalism

* Charged particle sublibrary

— °Li system

* MF2 resonance parameters
— He test

<



LANL light-element program

* All compound systems A<20 (and a few above)

 Recent work in 2020:

Projectile\ Target 'H ’H SH SHe ‘He °Li Li
n 2020  VIII.O  VIII.O  VIII.O VIII.O 2020 VIII.O
D 2020  VIII.O  VIII.O  VIII.O 2020 VIII.O VIII.O
d VIII.O  VIII.O 2020 VIII.0? VIII.O VIII.O
t VIII.0O  VIII.O 2020 VIII.O TENDLO09
h(3He) VIII.O VIII.O VIII.O TENDLO09
« VIII.O TENDL0O9 TENDLO9

UB (a+’Li, a+’Li", t+*Be, n+!'B); ''C (a+'Be, p+10B)

2C (a+%Be, p+''B)

13C (n+12C, n+12C%)

14C (n+13C)

BN (p+'C, n+!“N, a+!'B)

160 (g+160, a+12C)

70 (n+190, a+1°C)

BNe (p+!"F, p+'"F", a+'%0O)

<




Overview
Proposed additions/revisions to ENDF/B library

* Tapes — all extended energy/better agreement with more data;
Covariances planned
— p-001 H 001l.endf
— p-002 He 004.endf
- d-002 H 003.endf
— d-002 He 003.endf
- d-003 Li 006.endf
— t-002 He 004.endf
— a-006 C 013.endf
* Testing
- NJOY
— IAEA/Dunford codes [checkr, stanef, fizcon, psyche, inter]
— ENDF > ACE
= checkace [LANL ACE format checking tool]
* mcnpb6.1 pencil beam (d+3He only)
* Comparisons

— with ENDF/B-VII.1 (aka, “CP2011”), VIIL.O
— with LLNL Evaluated Charged Particle Library (ECPL-2018)

<



Changes

d-00 2_He_0 03.endf

MF | MT

Description

Energy range [MeV]

3

Reaction cross sections

600

(2,20)
(Z,po)

(0.01, 1.40)
(0.00, 1.40)

Energy-angle distributions for emitted particles

600

(2,20)
(Z,po)

MF | MT

Table 26: ENDF /B-VIIIL.O library,
d-002_He_003.endf

Description

file:

Energy range [MeV]

Reaction cross sections

600

(2,20)
(Zapo)

(0.01, 20.00)
(0.01, 20.00)

Energy-angle distributions for emitted particles

600

(2,20)
(vaO)

Table 27:  CP2020 library new evaluation,
d-002_He_003.endf

file:



Changes
p-002 He 004.endf

MF | MT | Description Energy range [MeV]
3 Reaction cross sections
2 | (z,20) ( 0.11, 20.00)
6 Energy-angle distributions for emitted particles
2 | (z,20)
Table  86: ENDF/B-VIII.O  library, file:

p-002_He_004.endf

MF | MT | Description Energy range [MeV]

3 Reaction cross sections

2 | (2,20) (0.02, 34.30)
650 | (z,do) (123.02, 34.30)

6 Energy-angle distributions for emitted particles

2 | (z,20)
650 | (z,do)

Table 87:  CP2020 library new evaluation, file:
p—002_He_004.endf



Changes
t-002_He 004.endf

MF | MT | Description Energy range [MeV]
3 Reaction cross sections
2 | (z,20) ( 0.14, 20.00)
6 Energy-angle distributions for emitted particles
2 | (2,20)
Table 120: ENDF/B-VIII.O  library, file:
t-002_He_004.endf
MF | MT | Description Energy range [MeV]
3 Reaction cross sections
2 | (z,20) ( 0.10, 20.00)
50 | (z,np) ( 8.39, 20.00)
51 | (z,ny) ( 12.28, 20.00)
52 | (z,ny) ( 14.65, 20.00)
600 | (2,po) ( 13.18, 20.00)
650 | (z,do) ( 10.98, 20.00)
6 Energy-angle distributions for emitted particles
2 | (z,20)
50 | (z,np)
o1 (Z nl)
52 | (z,n9)
600 | (2,po)
650 | (z,do)

Table 121: CP2020 library new evaluation,

t-002_He_004.endf

file:



’Li system evaluation

3He(d,d)*He

he3(d,d)he3 do/dQ E= 0.391 MeV

101 -

do/dQ

10° 4

107!

— CP2020
90% confidence range

---- CP2011
T dxs 3he(d,d) ed=.391 kraus (strasbourg) 73

20

T

40 60 80 100 120

6CM

(a)

he3(d,d)he3 do/dQ E= 2.980 MeV

160

180

10° 4

do/dQ

10—1 4

1072

— CP2020
90% confidence range
CP2011 (no data)

k- tof ko

CP2011 has no data.

dxs (3he,d,d)3he at ed= 2.98 tombr et al
brown-pr96-1954-3,0mev-3he-d-d-3he-dxs
i(theta) 3he(d,d) ed= 3.0 mev jenny 76

20

40

60 80 100 120

140

160

180

do/dQ

do/dQ

he3(d,d)he3 do/dQ E= 1.012 MeV

— CP2020
90% confidence range
---- CP2011
B dxs 3he(d,d) ed=1.012 kraus (strasbourg) 73

10! 4 @ dxs 3he(d,d) 1.02 mev brown(54)
100 4
10~ T T - - - T T T
0 20 40 60 80 100 120 140 160 180
6CM
(b)
he3(d,d)he3 do/dQ E= 9.990 MeV
— CP2020
90% confidence range
CP2011 (no data)
@ i(theta) 9.99mev 3he(d,d) tombrello 67
10° 4 @ i(theta) 3he(d,d) 10mev jarmie rev76
Z i(theta) 3he(d,d) ed=10.0 mev jenny 76
10—1 4
102 CP2011 has no data.
0 20 40 60 80 100 120 140 160 180

Ocm

(d)

2022/11/1-4 32



’Li system evaluation
3He(d,p)*He

he3(d,p)hed4 do/dQ E= 0.060 MeV he3(d,p)he4 do/dQ E= 0.176 MeV
0.000190 0.0116
0.000185 {7 ——m 00114 e
""""""""""""""" 0.0112 4
0.000180 e e
0.0110 A
0.000175 A }
g g
5 % 0.0108 1
© ©
0.000170 1 ac ks
J. 0.0106 A
0.000165 - I T
0.0104
— CP2020 — CP2020
0.000160 - 90% confidence range soia] 90% confidence range
---- CP2011 - ---- CP2011
T diff cross section 3He(d,p) Ed = .060 MeV Geist (TUNL) 1 T 3He(d,p)4He rel. diff. cross section Ed=176 keV
0.000155 T T T T T T T T 0.0100 T T T T T T T T
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Bcu Bcm
(a) (b)
_ he3(d,p)hed4 do/dQ E= 6.000 MeV he3(d,p)hed do/dQ E=10.000 MeV
—— CP2020 —— CP2020
0.018 1 90% confidence range 90% confidence range
CP2011 (no data) CP2011 (no data)
0.016 @ diff cross section 3he(d,p)4he ed= 6.00 mev klinger 1971 @ diff cross section 3he(d,p)4he ed=10.00 mev klinger 1971
$ i(theta) 3he(d,p)4he at ed = 6.0 mev gruebler et al $ dxs he3(d,p)hed
0.014 4
o 0.012 4 o
o o
B 5
© 0.010 =
0.008
0.006 4
0.004 1
0.002 CP2011 has no data. 10-3 CP2011 has no data.
' 0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Bcm Ocm

[} (c) (d)
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’Li system evaluation

*He(p,p)*He

hed(p,p)hed do/dQ E= 0.920 MeV

101 4

do/dQ

10°

10—1 -

— CP2020
90% confidence range
---- CP2011
T dxs 4he(p,p)4he .95 mev minn(49)

20 40 60 80 100 120 140 160 180
B

(a)

he4(p,p)hed do/dQ E=28.130 MeV

10°

do/dQ

— CP2020
90% confidence range
CP2011 (no data)
@ i(theta) 4he(p,p)4he at ep = 28.13 plattner et al 70

CP2011 has no data.

20 40 60 80 100 120 140 160 180

do/dQ

do/dQ

10°

he4(p,p)hed do/dQ E=22.460 MeV

107!

1072 4

— CP2020
90% confidence range
CP2011 (no data)
T i(theta) 4he(p,p)4he at ep = 22.46 plattner et al 70
T i(theta) 4he(p,p)dhe at ep = 22.71 plattner et al 70

CP2011 has no data.

10°

20

T T T T T T T

40 60 80 100 120 140 160 180

(b)

hed(p,p)hed do/dQ E=34.300 MeV

103

— CP2020

@ diff cross section 4he(p,p)4he ep=34.30 mev bacher 72

90% confidence range
CP2011 (no data)

CP2011 has no data.

20

T T T T T T

40 60 80 100 120 140 160 180
Ocm

(d)
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170 R-matrix evaluation [NEW]

EDA R-matrix
evaluation
procedure

/ R-matrix \
7/\ o 7)\ c
=2\ B
In|t|al guess:
" =BV

- J

Y
e I
T-matrix

T=-O0'F+ O_lRLO_l
R'=R'+B-L
N J

Y
Observables

Data

e.g. EXFOR/CSIRS
Processes: elastic, inelastic,
transfer, break-up,...

1ot (E),

Unpolarized:

o(E),do/dUE,0)
Polarized: Py, Ay, Cr o - . -

Y

Optimize

Xzpa (P)
ny Xy, (P)—Ri

= ZM,iM [ AR

M

|:TLMSM—1 :| 2

ASn/Su

]2

Channel ac(fm) Crnax
n+1°0(07;gs) 4.40 4
a+13C(3 5 gs) 5.40 5
m1+1%0(0F; 6.05 MeV) 5.00 3
ma+160(37; 6.13 MeV) 5.00 2
Reaction Range E,, Ngat  Observables
E, (MeV)
60(n,n)®0 (0.0, 7.0) 2,909 Ctots O,
a(0), Ay(0)
160(n,n2)1%0(37; 6.13 MeV) (6.6, 8.8) 45 o(0)
BC(a, a)13C (2.0, 5 7) 1,397 o(0)
13C(a, n)'%0 (.23, 8.0) 1,054 oy
BC(a, ng)1%0(0%; gs ) (1. 0 6. 5) 3,116 a,0(0)
BC(a,n1)1%0(0%; 6.05 MeV) (5.1, 5.6) 113 a,0(0)
Total 8,634 5 types

pr=TpT"
Tr p;Of

\XiM (p) o (Of) = = o

?
<

’VPXEDA( )‘

YES
A 4

Solution/Postprocessing
1) Construct ENDF-6
formatted evaluated data file
2) Covariance data

3) Post-process break-up
spectra with SPECT code

170 system channel/pars

 # channels: 45
o J™=1/2%, ...,
* # parameters

11/2*

* E,: 81 level energies

* Vic: 322 reduced widths

* # Normalizations
* ny: 95 norm scales
* AE,\;: 4 shift factors




170 Preliminary evaluation

Preliminary results: (a,ny)

13c(4he,n)160 do/dQ E=  5.275 MeV

T T T T T
calculated at E= 5.275

+ 13c-a-n0-deboer-pc-2021-05-13

do/dQ

T

0 30 60 90 120 150

eCM

13c(4he,n)160 do/dQ2 E= 5.895 MeV

180

13c¢ + 4he reaction

400
*1 0'3
350
300
250

200

o (barns)

150

100

50

I I I

calculated at E= 5.895
+ 13c-a-n0-deboer-pc-2021-05-13

107!

T T

T

do/dQ

120

150

180

I I I I I !

do/dQ

13c(4he,n)160 do/dQ E= 6.504 MeV

I I I I I

L calculated at E= 6.504
+ 13c-a-n0-deboer-pc-2021-05-13




13c(4he,n)1601 integrated

170 Preliminary evaluation ., . .

Preliminary results: (a,n,)
5.135 MeV

13c(4he,n)1601 do/dQ E=

107 ‘ ‘

— calculated at E=5.135
+ 13c-a-n1-deboer-pc-2021-05-13
x 13c-a-n1-deboer-pc-2021-05-13

T T T T

T

L

10-3 | | | | |
0 30 60 90 120 150 180
CM
13c(4he,n)1601 do/dQ2 E= 5.466 MeV

*10-3

150 |~

5.0 5.1 5.2

13c(4he,n)1601 do/dQ E=

5.3 5.4 5.5 5.6

E (MeV)

5.466 MeV

T

4O x +

do/dQ

T

I I

L calculated at E= 5.466

13c-a-n1-deboer-pc-2021-05-13
13c-a-n1-deboer-pc-2021-05-13
13c-a-n1-deboer-pc-2021-05-13
13c-a-n1-deboer-pc-2021-05-13

4O x +

do/dQ

calculated at E= 5.466 i
13c-a-n1-deboer-pc-2021-05-13
13c-a-n1-deboer-pc-2021-05-13 E
13c-a-n1-deboer-pc-2021-05-13
13c-a-n1-deboer-pc-2021-05-13

I I I I




o (barns)

170 Preliminary evaluation o — w0

Preliminary results: low energy

13c(4he,n)160 integrated

13c(4he,n)160 integrated

[ Bochum (Harissopulos 2005)
[ Stuttgart (Drotleff 1993)
0.00022 A KRL (Brune 1992)

KRL (Kellogg 1989)

10—1 -

1073 -

10—5 -

10—7 -

10—9 -

10—11 -

—— EDAf90

t
f
f
f

LUNA (Ciani 2021)
Karlsruhe (Heil 2008)

Bochum (Harissopulos 2005)
Stuttgart (Drotleff 1993)

KRL (Brune 1992)
KRL (Kellogg 1989)
ORNL (Bair 1973)
KRL (Davids 1968)

0.4 0.6 0.8
E (MeV)

1.2

€ 0.00018 - /\
]
S
0.00016 A [
0.00014 4
0.00012 +
0-00010 T T T T T T T
0.9900 0.9925 0.9950 0.9975 1.0000 1.0025 1.0050 1.0075 1.0100
E (MeV)
Experiment Eq [MeV] | (4 [ub] | 1.000 MeV
KRL (Brune 1992) 1.0000 146(7) 146(7)
ORNL (Bair 1973) 1.0033 198(3) 179(4)
: Stuttgart (Drotleff 1993) 0.9939 169(2) 187(3)
1.4 Bochum (Harissopulos 2005) | 0.994 116(5) 136(7)
Bochum (Harissopulos 2005) | 1.005 152(6) -
KRL (Kellogg 1989) 0.9998 125(6) 126(8)

Measurements of (4 ,)(Eq = 1.0 MeV) for laboratory incident energies given in the first
column, the value quoted in the second column, and the values linearly interpolated from the
tabular data in the experiment’s publication in the right-most column. No re-normalization
factors have been applied to these values. In particular, the ORNL value of Bair & Haas[37]is
quoted as originally presented without the 0.8 factor mentioned in their Note added in proof.



Charged-particle covariances
MF=30(!)

* Discussion at Monday’s covariance session

_ o . . 0.3.2.5 Charged-Particle (NSUB>10010) and
ME=6 1s required for CP induced tapes Photo-Nuclear (NSUB=0) Sub-libraries
— there is no MF=36 .. : :
_ _ Explicit yields for all products (including
* MF=30, however, admits covariance photons) must be given in File 6.

information for any MF>2

— ENDF-6 format requirements
= provide Cov;; for any parameters
= provide sensitivities for MF parameters
— Advantages
= Cov;; can be diagonal (with eigenvector sensititivies)

» MF=32 parameter covariances requires sensitivities
(NJOY/ERRORR provides unc. for MF=3, 4,5
only?)

— Disadvantages
* NJOY2016 doesn’t process MF=30




MF2 resonance parameters

e “Full” evaluation

<

Cross section (b)

d+t system

100_

10—2_

10—4_

10—6_

10—8_

10—10

— n,a (MT50)
— n,a_el (MT51)

103

104

10°
Deuteron energy (eV)

106

10’



MF2 resonance parameters

* “Test” evaluation

— single channel, single resonance

he4(n,n)he4 integrated

10 ¢

E (MeV)




Conclusion
What is to be done

*p-001 H 00l.endf
— extension to 100 MeV of multichannel evaluation
— punch MF=2 LRF=7 (KRL=1) sections
— generate covariance sections
*p-002 He 004.endf

*d-002 He 003.endf

*d-003 Li 006.endf

— ®Li(d,n) now to 20 MeV

— need to include angular distribution data
*t-002 He 004.endf

— cross sections complete for all of the above
— punch MF=2 LRF=7 (KRL=1) sections
— covariance file generation needed

*a-006 C 013.endf

— complete the 7O system evaluation ( ~ 2 months )
— punch ENDF files (ENDFt k)

®2 "MF = 2,3,6,32,33

"9



