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R-matrix Framework

Contribution of He3+He4 to ENDF/B-VIII.1 :
1. The calculations should be made using B, = -L,
2. Background levels at 20 MeV (in this basis), 1 per spin group
3. Maximum orbital angular momentum L, M= 4, [ M= 1,
and all the spin groups up to J®=9/2%,
4. R-matrix channel radii determined as a = 1.4 [fm] (A;Y/3+A,/3)
and the same for all channels within a particle pair.
5. No capture channels yet
6. Most emphasis on h+a cross sections up to about 12 MeV: the data.

= Present Strategy:
— Include Li6_el excited state (3+ resonance)
— Include capture channels (either by Reich-Moore, or as primary channels)
— Consider further data up to 20 MeV.
— Consider for p+Li6 evaluation ?
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Previous Experiment Data for the Be7 system

= Use *.dat files from de Boer to make ‘Test3’ calculation

= Still need to specify properties of these files:

projectile ejectile residual file sys-error  stat-error norm group splithorms lab abserr scale filedir eshift ecalib splitshifts
h h 0 Barnard_aa.dat 5 3 1 E FALSE TRUE TRUE b Expts/ O 0 FALSE
p h 0 Elwyn_pa.dat 9 -1 1 A FALSE TRUE TRUE b Expts/ O 0 FALSE
p p 0 Fasoli_pp.dat -1 1.5 1 E TRUE TRUE TRUE b Expts/ 0 0 FALSE
p p 0 Harrison_pp0.dat -1 2 2.2 A FALSE TRUE TRUE b Expts/ O 0 FALSE
p p 1 Harrison_pp1.dat -1 -1 0.2 A FALSE TRUE TRUE b Expts/ O 0 FALSE
p h 0 Lin_pa.dat 10 -1 1 A TRUE TRUE TRUE b Expts/ 0 0 FALSE
p p 0 McCray_pp.dat 5 -1 1 E TRUE TRUE TRUE b Expts/ O 0 FALSE
h h 0 Mohr_aa.dat -1 5 1 A TRUE TRUE TRUE b Expts/ O 0 FALSE
h h 0 Spiger-A1094004-lab_aa.dat 1.5 -1 1 E TRUE TRUE TRUE b Expts/ 0 0.02 TRUE
h p 0 Spiger-cm_ap0.dat 1.5 -1 1 A TRUE FALSE TRUE mb Expts/ 0 0 FALSE
h h 0 Tombrello_aa.dat 5 -1 1 E FALSE TRUE TRUE b Expt5/ 0 0.02 TRUE
a h 15 LIMIT 4.001506 3.01550116
p Li6 2.79 LIMIT 1.008665 6.01347726

Correct some data:

1. The 9.106 MeV point at 36.999 deg in the Spiger_aa data is not extracted from the plots properly.

2. The Tombrello_aa data (not A1039 but A1295) should have a constant discretization error of 0.5 mb/sr added in
quadrature to the per-cent errors for the A1295002 data.

3. The points in Elwyn_pa at Ep = 2.277, 2.377, and 2.476 MeV were not plotted correctly, if checked by Legendre data.
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Include also excited state Li6_el (3* resonance)

projectile ejectile residual file sys-error stat-error norm splithorms lab  abserr scale Npoints EXFOR
H1 H1 1 Gould-A1417005_el.dat 5 5 1 FALSE FALSE TRUE mb 35 A1417005
H1 H1 1 Harrison-A1397002_e1.dat 5 5 1 FALSE FALSE TRUE mb 41 A1397002
H1 H1 1 Laurat-A1508006_el.dat 5 5 1 FALSE TRUE TRUE mb 18 A1508006
H1 H1 1 Laurat-A1508007_el.dat 5 5 1 FALSE FALSE TRUE mb 50 A1508007
H1 H1 1 Merchez-A1415002_el.dat 5 5 1 FALSE FALSE TRUE mb 54 A1415002
He3 H1 1 Spiger-A1094008_el.dat 5 5 1 FALSE TRUE TRUE mb 58 A1094008
He3 H1 1 Spiger-A1094009_el.dat 5 5 1 FALSE TRUE TRUE mb 44 A1094009
He3 H1 1 Spiger-A1094010_el.dat 5 5 1 FALSE TRUE TRUE mb 58 A1094010

Combine with ‘test3’ data

Refit
Ferdinand: https://github.com/LLNL/ferdinand

Rflow: https://github.com/LLNL/Rflow
(uses tensorflow with cpus or gpus)
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https://github.com/LLNL/ferdinand
https://github.com/LLNL/Rflow

Fitting excited state Li6_el (slide 1)

R-matrix fit of Data_X4s/Gould-A1417005_el for H1+Li6->H1+Li6_el (units mb and MeV) R-matrix fit of Data_X4s/Harrison-A1397002_e1l for H1+Li6->H1+Li6_el (units mb and MeV)

Using h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml with test3+gg2pl.data & test3+gg2pl.norms, Chisq/pt =3.240 Using h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml with test3+gg2pl.data & test3+gg2pl.norms, Chisq/pt =1.533

e a80.0 X2/pt=3.24 n-31.04% e 5.0 X2/pt=1.26 n-13.41%
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Incident p energy [MeV, lab] Scattering angle [deg, lab]

/..Jrflow.py h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml test3+gg2pl.data test3+gg2pl.norms --ExcludeFile ignore3 -t m2g -C -w 10 -S 10 -| 5000 ~J..Irflow.py h-002_He_004-t6.sfresco-n0.01w:N13411+.xm! test3+gg2pl.data test3+gg2pl.norms ExcludeFile ignore3 -t m2g -C -w 10 -S 10 -1 5000

Gould-A1417005_e1 Harrison-A1397002_e1
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Fitting excited state Li6_el (slide 2)

R-matrix fit of Data_X4s/Laurat-A1508006_e1l for H1+Li6->H1+Li6_el (units mb and MeV) R-matrix fit of Data_X4s/Laurat-A1508007_el for H1+Li6->H1+Li6_el (units mb and MeV)

Using h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml with test3+gg2pl.data & test3+gg2pl.norms, Chisg/pt =4.140

Using h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml with test3+gg2pl.data & test3+gg2pl.norms, Chisq/pt =5.951
o al50.0 X2/pt=2.45n-27.07% o e8.75 X2/pt=12.29 n-7.93%
gl = al165.0 X2/pt=5.83 n-27.07% = e5.75 X2/pt=3.04 n-7.93%
* e6.75 X2/pt=2.93 n-7.93%
12t e4.7 X2/pt=3.46 n-7.93%
e4.2 X2/pt=7.95 n-7.93%
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J..Irflow.py h-002_He_004-tt6 sfresco-n0.01w:N13411+.xml test3+gg2pl.data test3+gg2pl.norms --Excludefile ignore3 -t m2g -C -w 10 -S 10 -1 5000

1..Irflow.py h-002_He_004-tt6.sfresco-n0.01w:N13411+ xml test3+gg2pl dat\lest3+g92p1 norms —-ExcludeFile ignore3 -t m2g -C -w 10 -5 10 -1 5000
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Fitting excited state Li6_el (slide 3)

R-matrix fit of Data_X4s/Merchez-A1415002_el for H1+Li6->H1+Li6_el (units mb and MeV) R-matrix fit of Data_X4s/Spiger-A1094008_e1 for He3+He4->H1+Li6_el (units mb and MeV)
Using h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml with test3+gg2pl.data & test3+gg2pl.norms, Chisq/pt =0.188 Using h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml with test3+gg2pl.data & test3+gg2pl.norms, Chisqg/pt =11.302
10 L ¢ el4.0 X2/pt=0.19 n+3.91% e a30.0 X2/pt=17.21 n-27.22%
= al5.0 X2/pt=8.68 n-27.22%
¢ a70.0 X2/pt=0.44 n-27.22%
9l 40} * a25.0 X2/pt=9.92 n-27.22%
a40.0 X2/pt=12.79 n-27.22%
v a60.0 X2/pt=18.64 n-27.22%
st > a50.0 X2/pt=5.26 n-27.22%
a55.0 X2/pt=5.85 n-27.22%
L a85.0 X2/pt=53.93 n-27.22% |
A = 30f . L350 xaspt=a71n27.22% y
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Scattering angle [deg, lab] Incident h energy [MeV, lab]
J../rflow.py h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml test3+gg2pl.data test3+gg2pl.norms —ExcludefFile ignore3 -t m2g -C -w 10 -S 10 -1 5000 _J.Jrflow.py h-002_He_004-t6.sfresco-n0.01w:N13411+.xml test3+gg2pl.data test3+gg2pl.norms ExcludeFile ignore3 -t m2g -C -w 10 -5 10 -1 5000

Merchez-A1415002_e1 Spiger-A1094008_e1
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Fitting excited state Li6_el (slide 4)

R-matrix fit of Data_X4s/Spiger-A1094009_e1 for He3+He4->H1+Li6_el (units mb and MeV) R-matrix fit of Data_X4s/Spiger-A1094010_e1l for He3+He4->H1+Li6_el (units mb and MeV)

5L18ng h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml with test3+gg2pl.data & test3+gg2pl.norms, Chisq/pt =6.787 Using h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml with test3+gg2pl.data & test3+gg2pl.norms, Chisq/pt =2.521

e a22.5 X2/pt=8.30 n-30.20% ® a36.8 X2/pt=2.52 n-30.44%
i = a45.0 X2/pt=5.74 n-30.20% 40 [ = a3l.6 X2/pt=3.17 n-30.44%
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Incident h energy [MeV, lab] Incident h energy [MeV, lab]
.././rflow.py h-002_He_004-t6.sfresco-n0.01w:N13411+.xml test3+gg2pl.data test3+gg2pl.norms --ExcludeFile ignore3 -t m2g -C -w 10 -S 10 -1 5000 /..Irflow.py h-002_He_004-tt6.sfresco-n0.01w:N13411+.xml test3+gg2pl.data test3+gg2pl.norms ~ExcludeFile ignore3 -t m2g -C -w 10 -5 10 - 5000

Spiger-A1094009 e1 Spiger-A1094010_e1
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Discussion

= Should be included

= Add to candidate for ENDF/B-VIII.1-beta3 ?
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Include capture channels
(a) primary gammas as two-body channels

= Two channels:

— Production of Be7 ground state
— Production of Be7_e1l excited state
« (Decay of excited state given by branching ratios. Here: 100% to gs)

= Easier in GNDS format:
— <reaction label="Be7 + photon” >
— <reaction label="Be7_el + photon” >

= Harder in ENDF:

— need to use MT=900 and 901
— | proposed this at Mini-CSEWG in April 2023.
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Fitted primary gammas: (p,y)Be7 (gs)
Angle-integrated

R-matrix fit of 7Be_radiative_capture_data/he_prompt-Aint for H1+Li6->Be7+photon (units mb and MeV) R-matrix fit of 7Be_radiative_capture_data/piatti_prompt_gs-Aint for H1+Li6->Be7+photon (units mb and MeV)

Using h-002_He_004-tt7.xml with test3+ndl.data & test3+nd1l.norms, Chisq/pt =1.469 Using h-002_He_004-tt7.xml with test3+ndl.data & test3+nd1.norms, Chisg/pt =9.564

e Aint X2/pt=1.47 n-25.11% e Aint X2/pt=9.56 n-27.27%
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..Irflow.py h-002_He_004-tt7.xml test3+nd1.data test3+nd1.norms --FixedFile fixed-bs -C -5 10 -1 1000 -t cpu -w 1

../../rflow.py h-002_He_004-tt7.xml test3+nd1.data test3+nd1.norms --FixedFile fixed-bs -C -S 10 -1 1000 -t cpu -w 1
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Fitted primary gammas: (p,y)Be7 (gs)
angular distributions

R-matrix fit of 7Be_radiative_capture_data/tingwell_prompt_gsf for H1+Li6->Be7+photon (units mb and MeV)
Using h-002_He_004-tt7.xml with test3+ndl.data & test3+ndl.norms, Chisq/pt =7.143

el.0 X2/pt=9.84 n+29.28%
e0.5 X2/pt=8.76 n+29.28%
e0.8 X2/pt=2.83 n+29.28%

0.00024;

*

0.00022¢

0.00020¢

0.00018¢

Cross section [mb]

0.00016¢

0.00014;

0.00012¢

0.00010¢

0 20 40 60 80 100 120 140
Scattering angle [deg, lab]
..[../Irflow.py h-002_He_004-tt7.xml test3+nd1.data test3+nd1l.norms --FixedFile fixed-bs -C -S 10 -1 1000 -t cpu -w 1
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Fitted primary gammas: (h,y)Be7 (gs)

R-matrix fit of 7Be_radiative_capture_data/costantini_gs-Aint for He3+He4->Be7+photon (units mb and MeV)

10 Je—s Using h-002_He_004-tt7.xml with test3+nd1.data & test3+nd1.norms, Chisq/pt =18.339
* Aint X2/pt=18.34 n+26.56%
i R-matrix fit of 7Be_radiative_capture_data/kontos_prompt_gs-Aint for He3+He4->Be7+photon (units mb and MeV)
0.8 Using h-002_He_004-tt7.xml with test3+nd1.data & test3+nd1.norms, Chisq/pt =2.034
0.00200} « Aint x2/pt=2.03 n-23.44%
EO'B
0.00175¢
0.4
0.00150¢
0.2
0.00125;
0.0

0.225 0.250 0.275 0.300 0.325 0.350 0.375 0.400
Incident h energy [MeV, lab]
. /rflowpy h-002_He_004-tt7.xml test3-+nd1.data test3-+ndLnorms -FixedFie fixed-bs -C -5 10 -1 1000 -t cpu -w 1

0.00100

Cross section [mb]

0.00075

R-matrix fit of 7Be_radiative_capture_data/nara_singh-Aint for He3+He4->Be7+photon (units mb and MeV)

Using h-002_He_004-tt7.xml with test3+nd1l.data & test3+nd1.norms, Chisq/pt =3.187

® Aint X2/pt=3.19 n-37.79% o . 0 00 5 0 i
0.0010
0.00025¢
0.0008
0.00000t . . . . . .
< 1.0 1.5 2.0 2.5 3.0 3.5
£0.0006 Incident h energy [MeV, lab]
§ ../../rflow.py h-002_He_004-tt7.xml test3+nd1.data test3+nd1l.norms --FixedFile fixed-bs -C -5 10 -1 1000 -t cpu -w 1
t
0.0004
}
0.0002; t

1.0 1.2 1.4 1.6 1.8 2.0 2.2
Incident h energy [MeV, lab]
J./owpy 1-002_He_004-17.xml test3+ndLdata test3 ndL.norms -FixedFile ixed:bs -C 5 10-1 1000 -t cpu w1
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Fitted primary gammas: (p,y)Be7_el (fe)

R-matrix fit of 7Be_radiative_capture_data/piatti_prompt_fe-Aint for H1+Li6->Be7_el+photon (units mb and MeV)

R-matrix fit of 7Be_radiative_capture_data/tingwell_prompt_fef for H1+Li6->Be7_el+photon (units mb and MeV)
Using h-002_He_004-tt7.xml with test3+ndl.data & test3+nd1l.norms, Chisq/pt =10.046 Using h-002_He_004-tt7.xmi with test3-ndL.data & test3+ndL.norms, Chisq/pt =5.888
0.0006f X2/pt=10.05 n-33.85% — L0 X2/nim6.60 115199
o el pt=6.69 n .13%
= e0.5 X2/pt=9.84 n+15.13%
¢ e0.8 X2/pt=1.13 n+15.13%
0.0005¢
0.00012f
0.0004¢
£ £0.00010¢
< =
£0.0003} s
& @
© S
0.00008}
0.0002¢
0.0001¢
0.00006f
0.0000¢
0.10 0.15 0.20 0.25 0.30 0.35 0 20 40 60 80 100 120 140

Incident p energy [MeV, lab]

Scattering angle [deg, lab]
.J..Irflow.py h-002_He_004-tt7.xml test3+nd1.data test3+nd1.norms --FixedFile fixed-bs -C -5 10 -I 1000 -t cpu -w 1

../../rflow.py h-002_He_004-tt7.xml test3+nd1.data test3+nd1.norms --FixedFile fixed-bs -C -5 10 -1 1000 -t cpu -w 1

Piatti (angle-integrated) Tingwell (angular distributions)
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Fitted primary gammas: (h,y)Be7_el (fe)

R-matrix fit of 7Be_radiative_capture_data/costantini_fe-Aint for He3+He4->Be7_el+photon (units mb and MeV)

R-matrix fit of 7Be_radiative_capture_data/kontos_prompt_fe-Aint for He3+He4->Be7_el+photon (units mb and MeV)
le-6 Using h-002_He_004-tt7.xml with test3+nd1.data & test3+nd1.norms, Chisq/pt =19.289
4.0 o ANt X2/pt=19.29 n+23.75% Using h-002_He_004-tt7.xml with test3+ndl.data & test3+nd1l.norms, Chisq/pt =0.850
i e Aint X2/pt=0.85 n-13.43%
3.5
0.0008;
3.0
_2.5
£
£2.
(20 0.0006}
1.5 g
<
S
1.0 g
$0.0004¢
0.5 5]
0.0
0.225 0.250 0.275 0.300 0.325 0.350 0.375 0.400
Incident h energy [MeV, lab]
1 owy -052_He 004127 xm st L. ot st 4L s -l s - 5101 1000 4 ep-w 1 0.0002¢

R-matrix fit of 7Be_radiative_capture_data/dileva_prompt_fe-Aint for He3+He4->Be7_el+photon (units mb and MeV)

Using h-002_He_004-tt7.xml with test3+nd1.data & test3+nd1.norms, Chisq/pt =2.588 O . 0000 C

+ ANt X2/pt=2.59 n-5.33% 1.0 1.5 2.0 2.5 3.0 3.5
Incident h energy [MeV, lab]
0.0018 /. /rflow.py h-002_Ha NNAHT el fackaindl data back2indl nn Eila fivad_he € 10 11000 + - 1
R-matrix fit of 7Be_radiative_capture_data/brown_prompt_fe-Aint for He3+Hed->Be7_el+photon (units mb and MeV)
0.0016 Using h-002_He_004-tt7.xml with test3+nd1.data & test3+ndL.norms, Chisq/pt =1.936
: o ANt X2/pt=1.94 n-21.75%
0.0006
-0.0014
E
<
2 0.0005
£0.0012
g -
© £20.0004
0.0010
g 0.0003
0.0008 }
0.0002 R
0.0006
0.0001
2.5 3.0 3.5 4.0 4.5 5.0 5.5
Incident h energy [MeV, lab]
. /rflowpy h-002_He_004-1t7.xml test3-+nd1.data test3 +ndLnorms ~FixedFie fixed-bs -C -5 10 -1 1000 -t cpu -w 1 1.0 1.5 2.0 2.5

Incident h energy [MeV, lab]
1.Ilow:py h-002_He_004-17xm tests +nd1. data test +nd1norms - FixedFile fixed-bs -C -5 1011000 - cpu w 1
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Data renormalization factors from fit

— h-g/costantini_gs: +26.6 %
— h-g/kontos_prompt_gs -23.4 %
— h-g/nara_singh -37.8%
— p-g/he_prompt -25.1 %
— p-g/piatti_prompt_gs -27.3%

— p-g/tingwell_prompt_gs : +29.1%

— h-g1/brown_prompt_fe -21.8%
— h-g1/costantini_fe +23.8%
— h-gl1/dileva_prompt_fe -53%

— h-gl1/kontos_prompt_fe -13.4 %
— p-gl/piatti_prompt_fe -33.8%

— p-gl/tingwell_prompt fe  +15.1%

nd1
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Data renormalization factors from fit
Then with Rg =50 fm, 100 fm

— h-g/costantini_gs: +26.6 % +14.4% +25.2 %
— h-g/kontos_prompt_gs -23.4% -5% -23.6 %
— h-g/nara_singh -37.8% -23.7% -39.5%
— p-g/he_prompt -25.1 % -19.4% -21.9%
— p-g/piatti_prompt_gs -27.3% -189% -255%

— p-g/tingwell_prompt_gs:  +29.1% +25.5% +32.2%

— h-g1/brown_prompt_fe -21.8% -6.94% -9.4%
— h-g1/costantini_fe +23.8% +12.6 % +18.4 %
— h-gl1/dileva_prompt_fe 53% -06% -0.62%
— h-gl1/kontos_prompt_fe -13.4% +2.4% -1.71%
— p-gl/piatti_prompt_fe -33.8% -24.4% -27.5%

— p-gl/tingwell_prompt_fe  +15.1% -10.7% +11.4%

nd2
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Data renormalization factors from fit (no He)
Then with Rg =50 fm, 100 fm

— h-g/costantini_gs: +26.6 % +14.8% +30.6 %
— h-g/kontos_prompt_gs -23.4% -2.2% -5.42%
— h-g/nara_singh -37.8% -21.6% -23.3%
— p-g/piatti_prompt_gs -27.3% -23.8% -255%

— p-g/tingwell_prompt_gs: +29.1% +17.5% +32.2%

— h-g1/brown_prompt_fe -21.8% -9.4% -9.4%
— h-g1/costantini_fe +23.8% +9.5% +18.4%
— h-gl1/dileva_prompt_fe 53% -25% -0.62%
— h-gl1/kontos_prompt_fe -13.4% +0.2% -1.71%
— p-gl/piatti_prompt_fe -33.8% -23.2% -27.5%

— p-gl/tingwell_prompt_fe  +15.1% -13.5% +11.4%

nd3 (but not Rg=100 fm

. . "‘l
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Data renormalization factors from fit (no He,
Piatti, Tingwell). Then with Rg =50 fm, 100 fm

— h-g/costantini_gs: +26.6 % +18.2% +30.6 %
— h-g/kontos_prompt_gs -23.4% -9.03% -5.42%
— h-g/nara_singh -37.8% -29.4% -23.3%
— h-g1/brown_prompt_fe 21.8% -12.2% -9.4%

— h-g1/costantini_fe +23.8% +12.8% +18.4 %
— h-gl1/dileva_prompt_fe 53% -81% -0.62%
— h-gl1/kontos_prompt_fe -13.4% +3.2% -1.71%

nd4 (but not Rg=100 fm)

. . (\"‘l
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Include capture channels
(b) inclusive gammas by Reich-Moore approx.

= Cannot distinguish these two channels in reaction model

— Production of Be7 ground state and Be7_e1l excited state
— Can split by hand afterwards

= Easy in GNDS format:
— <reaction label="Be7 + photon [inclusive]” ENDF_MT=“102" >

= Traditional in ENDF:
— Use MT=102

= Fit damping width for each R-matrix pole above threshold

. . "‘l
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Reich-Moore gammas: (p,y)Be7 (total=absorption)
All angle-integrated

R-matrix fit of 7Be_radiative_capture_data/switkowski_prompt_total-Aint for p capture (units mb and MeV)

Using h-002_He_004-tt5.xml-fit.xml with photondeBoer-hOplg0.data & photondeBoer-hOp1g0.norms, Chisq/pt =1.612

e Aint X2/pt=1.61 n+0.75%
0.004;
_0.003]
é |
£0.002} | }
0.001;
0.000¢:

Incident p energy [MeV, lab]
..[../Irflow.py h-002_He_004-tt5.xml-fit.xml photondeBoer-h0p1g0.data photondeBoer-hOp1g0.norms -x toth --FixedFile fixed3 -C -S 10 -1 1000

7al
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Reich-Moore gammas: (h,y)Be7 (total=absorption
All angle-integrated

R-matrix fit of 7Be_radiative_capture_data/brown_activation-Aint for h capture (units mb and MeV)

Using h-002_He_004-tt5.xml-fit.xml with photondeBoer-hOp1g0.data & photondeBoer-hOp1g0.norms, Chisq/pt =0.780 R-matrix fit of 7Be_radiative_capture_data/brown_prompt_total-Aint for h capture (units mb and MeV)

e Aint X2/pt=0.78 n-16.14% Using h-002_He_004-tt5.xml-fit.xml with photondeBoer-hOp1g0.data & photondeBoer-hOp1g0.norms, Chisq/pt =0.369
* Aint X2/pt=0.37 n-16.01%
0.0020¢
0.0020¢
0.0015¢

3 _0.0015¢
=) 5
c £
k] =
o 5
& B
g g
£0.0010}

§0.0010¢

0.0005¢ $ 0.0005}

1.0 1.5 2.0 2.5 1.0 1.5 2.0 2.5
Incident h energy [MeV, lab] Incident h energy [MeV, lab]
./..Irflow.py h-002_He_004-tt5 xml-fit.xml hOp1g0.data hOp1g0.norms -x toth --FixedFile fixed3 -C -5 10 -1 1000 .J..Irflow.py h-002_He_004-ttS.xml-fit.xmi hOp1g0.data hOp1g0.norms -x toth --FixedFile fixed3 -C -S 10 -1 1000
. . \/ e
<
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Reich-Moore gammas: (h,y)Be7 (total=absorption)
All angle-integrated

R-matrix fit of 7Be_radiative_capture_data/costantini_activation-Aint for h capture (units mb and MeV)

R-matrix fit of 7Be_radiative_capture_data/dileva_prompt_total-Aint for h capture (units mb and MeV)
Using h-002_He_004-tt5.xml-fit.xml with photondeBoer-hOp1g0.data & photondeBoer-hOp1g0.norms, Chisq/pt =14.407

Teus Using h-002_He_004-tt5.xml-fit.xml with photondeBoer-hOp1g0.data & photondeBoer-hOp1g0.norms, Chisq/pt =0.391
e Aint X2/pt=14.41 n+36.51% * Aint X2/pt=0.39 n-13.07%
1.4} i 0.0055¢
1.2¢ I 0.0050f
10! 0.0045¢
5 2 L
S0 £0.0040
50.0035/
§0.67 §
0.0030f
0.4
0.0025¢
0.2f
_ 0.0020}
0.0t
0.225 0.250 0.275 0.300 0.325 0.350 0.375 0.400 2_‘5 3l0 3:5 4_‘0 4l5 510 5_‘5
Incident h energy [MeV, lab] Incident h energy [MeV, lab]
..J.rflow.py h-002_He_004-tt5.xml-fit.xml hop1g0.dat: hOp1g0. -x toth --FixedFile fixed3 -C -5 10 -1 1000 1 iflow.py h-002_He, 004-t¢5.xmi-fitxml ot Op1gO.n0rms -x toth FixedFile fixed3 -C -5 10 1 1000

R-matrix fit of 7Be_radiative_capture_data/dileva_recoils-Aint for h capture (units mb and MeV)

R-matrix fit of 7Be_radiative_capture_data/dileva_activation-Aint for h capture (units mb and MeV)

Using h-002_He_004-tt5.xml-fit.xml with photondeBoer-h0p1g0.data & photondeBoer-h0p1g0.norms, Chisq/pt =0.431 Using h-002_He_004-tt5.xml-fit.xml with photondeBoer-hOp1g0.data & photondeBoer-hOp1g0.norms, Chisq/pt =0.249

0.007} e Aint X2/pt=0.43 n-14.24% e Aint X2/pt=0.25 n-15.04%
0.0061 I H 0.005
0.005} 0.004
g | g
£0.004/
£0.003
0.003} ©
0002l 0.002
[)
0.001} 0.001
B S e — ‘ ‘ ‘ ‘

/../rflow.py h-002_He_004-tt5.xml-fit.xml

Incident h energy [MeV, lab]

hOp1g0.data

1g0.norms -x toth --FixedFile fixed3 -C -S 10 -1 1000

Lawrence Livermore National Laboratory
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~/..Irflow.py h-002_He_004-tt5.xmi-fit.xm!

hop1g0.data

3

4

Incident h energy [MeV, lab]

norms -x toth -FixedFile fixed3 -C -5 10 -

11000
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Data renormalization factors from fit

n h_g
— brown_activation -16.2 %
— brown_prompt_total -16.0 %
— costantini_activation +36.5 %
— dileva_activation -15.0 %s
— dileva_prompt_total -13.0%
— dileva_recoils -14.3 %
— parker_and_kavanagh_prompt -1.5 %
— szucs_activation +2.6 %

" P-8

— switkowski_prompt_total: +0.7 %

. . (274
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Discussion of gamma fits

= Which to choose: primary channels, or Reich-Moore ?
— Which can be put in ENDF-6 format?

= Why large data renormalizations (up and down by 40%) ?

. . (274
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Further particle data up to 20 MeV: refit all data

Now: Mccray-A1410002 (p,p), Spiger-A1094007 (h,p), Tombrello-A1295005 (h,p)

R-matrix fit of Data_X4s/Mccray-A1410002 for p elastic (units mb and MeV)
1-002_He_004-tt4-e20.xml_bBrune+.xml+test3_Fix:PJ1.5-:E-2.782+P)0.5-:E-2.030+S5S1_12000_w1+C-fit.xml with test3.data & test3.norms, Chisq

35¢+ e al59.7 X2/pt=0.56 n+11.73%
= al26.6 X2/pt=0.39 n+11.73%
¢ a90.45 X2/pt=0.70 n+11.73%
30¢
5| Replacing
Mccray-pp.dat
€20/
il
£15;
10} 44
Attt
/ fﬂ“‘WWTWﬁ*HHTHM
 ad
_ ¢
5 o
ot , . . . . .
0.5 1.0 1.5 2.0 2.5 3.0

Incident p energy [MeV, lab]
../rflow.py h-002_He_004-tt4-e20.xml_bBrune+.xml+test3_Fix:PJ1.5-:E-2.782+PJ0.5-:E-2.030+51_12000_w1+C-fit.xml test3.data test3.norms -C -x Spiger_3Hep McCray

LLNL-PRES-853889
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Further proton data up to 20 MeV

Now: Mccray-A1410002 (p,p), Spiger-A1094007 (h,p), Tombrello-A1295005 (h,p)

R-matrix fit of Data_X4s/Spiger-A1094007 for He3+He4->H1+Li6 (units mb and MeV)
1-002_He_004-tt4-e20.xml_bBrune+.xml+test3 Fix:PJ1.5-:E-2.782+PJ0.5-:E-2.030+S1_12000_w1+C-fit.xml with test3.data & test3.norms, Chisq

e a22.5 X2/pt=0.35n-5.02%
m a31.6 X2/pt=0.76 n-5.02%
¢ a45.0 X2/pt=1.56 n-5.02%
25+ 4 a36.8 X2/pt=1.19 n-5.02%
a40.8 X2/pt=0.82 n-5.02%
v a27.0 X2/pt=0.93 n-5.02%
20t
£
C "
s Replacing
%157 .
Spiger-cm_ap0.dat
O
10}
5 L

L L L L L L
Incident h energy [MeV, lab]
../rflow.py h-002_He_004-tt4-e20.xml_bBrune+.xml+test3_Fix:PJ1.5-:E-2.782+PJ0.5-:E-2.030+51_12000_w1+C-fit.xml test3.data test3.norms -C -x Spiger_3Hep McCray

Y
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Further particle data up to 20 MeV

Now: Mccray-A1410002 (p,p), Spiger-A1094007 (h,p), Tombrello-A1295005 (h,p)

R-matrix fit of Data_X4s/Tombrello-A1295005 for He3+He4->H1+Li6 (units mb and MeV)
1-002_He_004-tt4-e20.xml_bBrune+.xml+test3_Fix:PJ1.5-:E-2.782+P)0.5-:E-2.030+S1_[2000_w1+C-fit.xml with test3.data & test3.norms, Chisq

30 | e a20.0 X2/pt=1.79 n+4.09%
= a30.0 X2/pt=0.91 n+4.09%
25¢
New
5 data
1S
=20r
o
o
15}
10}

8.5 9.0 95  10.0 105 11.0 115 12.0

Incident h energy [MeV, lab]
../rflow.py h-002_He_004-tt4-e20.xml_bBrune+.xml+test3_Fix:PJ1.5-:E-2.782+4P)0.5-:E-2.030+51_12000_w1+C-fit.xml test3.data test3.norms -C -x Spiger_3Hep McCray
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Discussion

= Are these improved enough to submit to ENDF/B-VIII.1 ?

= Submit a p+Li6 evaluation ?
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