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R-matrix Framework

= Strategy:

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, [ max=1

’

pLi

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.
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Specifying Experiment Data for the Be7 system

= Use *.dat files from de Boer, converted to 4He on 3He lab data.

There are many errors in
the EXFOR descriptions of

= Still need to specify properties of these files: these data sets.

projectile ejectile residual file sys-error  stat-error norm group splithorms lab abserr scale filedir eshift ecalib splitshifts
a a 0 Barnard_aa.dat 5 3 1 E FALSE TRUE TRUE b Expts/ 0 0 FALSE
p a 0 Elwyn_pa.dat 9 -1 1 A FALSE TRUE TRUE b Expts/ 0 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 22 A FALSE TRUE TRUE b Expts/ 0 0 FALSE
p p 1 Harrison_pp1.dat -1 -1 0.2 A FALSE TRUE TRUE b Expts/ 0 0 FALSE
p a 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/ 0 0 FALSE
a a 0 Mohr_aa.dat -1 B 1 A TRUE TRUE TRUE b Expts/ 0 0 FALSE
a a 0 Spiger-A1094004-lab_aa.dat 1.5 -1 1 E TRUE TRUE TRUE b Expts/ 0 0.02 TRUE
a p 0 Spiger-cm_ap0.dat 1.5 -1 1 A TRUE FALSE TRUE mb Expts/ 0 0 FALSE
a a 0 Tombrello_aa.dat 5 -1 1 E FALSE TRUE TRUE b Expts/ 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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Search adventures

= The bound states should be at the observed Be7 energies, but that will not
happen exactly since we are using the B=-L boundary conditions. So | ended
up constraining the Brune-basis bound states at observed energy within 0.02
MeV.

= | ended up adding in some broad 3/2+ and 5/2+ poles lower than our 20
MeV background pole set.

= The amplitudes for the background poles were highly correlated in the final
fit (p > 0.995). Since, strictly, these are not physical observables, | ended up
fixing many of them, and only varying the norms and the middle-pole
properties in order to obtain the final covariance matrix.

= | always plot the phase shifts, on a fine energy grid, from the final
parameters: to make sure no unwanted poles have crept in.

= |t is probable that the Spiger _aa elastic data is 0.1 MeV too high in its energy
calibration. | fitted also the energy calibration of Spiger_aa and
Tombrello_aa.
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Results of fit

= | get y?/N = 2.884 from the data,
and y?/N = 3.037 overall including contributions from norm

factors differing from unity and shifts differing from zero.

Dataset
Barnard_aa.dat
Elwyn_pa.dat
Fasoli_pp.dat
Harrison_pp0.dat
Lin_pa.dat
McCray_pp.dat
Mohr_aa.dat
Spiger-A1094004-lab_aa.dat
Spiger-cm_ap0.dat

Tombrello_aa.dat

Chisq/pts
0.967
4.317
3.895
5.489
3.885
3.842
3.481
2.633
1.419
3.559

av norm
0.990
1.133
0.996
1.156
1.305
1.122
0.956
0.929
1.004
1.080

av shift

-0.048

-0.036
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Fitted R-matrix parameters

TABLE III: R-matrix parameters in the B = —L basis.
Pole energies in the centre-of-mass frame of the elastic channel.
Reduced width amplitudes 7. in units of MeV'/? (cm).

JT=15" JT =0.5"
E HedTHe3 HITL6 HITL6  HITLG E Hed+He3  HIFL6  HIFLI6
(MeV) |LS:1,1/2 LS: 1,1/2 LS: 1, 3/2 LS: 3, 3/2 (MeV) |LS:0,1/2 LS: 0, 1/2 LS: 2, 3/2
~5.444080 | 0.87557 —0.01150 —1.38640 1.06791 20.000 B | —3.04315 —2.93656 —1.35584
13.731600 0.16954 —1.39241 —2.26737 —1.02723 JT =157
20.000 B | —1.62165 0.69621  0.18995 0.75548 k Hed+Hes ~ HI+Li6  HI+Li6  HI+Li6
L (MeV) |LS:2,1/2 LS: 0, 3/2 LS: 2, 1/2 LS: 2, 3/2
= eI e A6 HITT6 12.737200 | 0.02992  2.00720  0.46536 2.69452
(MeV) |LS:1,1/2 L8 1,1/2 LS: 1, 3/2 20.000 B 1.78531 —0.41199  1.60477 —0.87334
b . b . b — +
—16.412100| 1.26282  3.16021 0.71913 J —E2-5 S
(S} (51 1 1 1
J30'0205B — 130080 0.02080 —1.29724 (MeV) |LS:2,1/2 LS: 2,1/2 LS: 2, 3/2 LS: 4, 3/2
— o 15502 B | —0.37654 1.29621  0.06419 —6.47263
E Hed+He3 HIFL6 HIFL6 HIFLG
20.000 B | —1.69761 —1.20948  0.10603 0.12602
(MeV) |LS:3,1/2 LS: 3,1/2 LS: 3, 3/2 LS: 5, 3/2 =35 (sero for al LS 0)
—12.498600| —3.42797 —1.04027 —9.53490 3.45889 a =
20.000 ]f —92.82985 —0.86921 —3.70608 0.18067 (MeV)
JT=25 J™ =4.5" (zero for all L > 0)
E HedTHe3  HITL6 HITLi6  HITLi6 o
(MeV) |LS:3,1/2 LS: 1, 3/2 LS: 3,1/2 LS: 3, 3/2 (MeV)
6.235800 | —0.49320  0.88029  0.63581 —1.19863 J7 =457 (zor0 for all T, 5 0)
7.058410 0.60011  1.10886  0.95826 —1.97907 E
20.000 B 2.29966 —0.05640 —2.71769 1.49483 (MeV)
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Brune Basis

183 parameters and 226 fitted data sets constrained energies
Spin-parity groups with no poles: [(3.5, 1), (4.5, -1), (4.5, 1] in red
J,pi=1.5- from -12.669 to -3.682 took 31 iterations (cm: -5.444 to -1.582)
J,pi=1.5- from 31.955 to 19.747 took 60 iterations (cm: 13.732 to 8.486)
J,pi=1.5- from 46.542 to 39.136 took 6 iterations (cm: 20.000 to 16.817)
J,pi=0.5- from -38.193 to -2.641 took 278 iterations (cm: -16.412 to -1.135)
J,pi=0.5- from 46.542 to 39.743 took 6 iterations (cm: 20.000 to 17.078)
J,pi=3.5- from -29.086 to 6.924 took 523 diterations (cm: -12.499 to 2.975)
J,pi=3.5- from 46.542 to 24.676 took 18 iterations (cm: 20.000 to 10.604)
J,pi=2.5- from 14.511 to 11.713 took 48 iterations (cm: 6.236 to 5.033)
J,pi=2.5- from 16.426 to 13.016 took 262 iterations (cm: 7.058 to 5.593)
J,pi=2.5- from 46.542 to 19.809 took 38 iterations (cm: 20.000 to 8.512)
J,pi=0.5+ from 46.542 to 40.740 took 9 iterations (cm: 20.000 to 17.507)
J,pi=1.5+ from 29.641 to 18.132 took 268 iterations (cm: 12.737 to 7.792)
J,pi=1.5+ from 46.542 to 25.829 took 22 1iterations (cm: 20.000 to 11.099)
J,pi=2.5+ from 36.075 to 15.979 took 358 iterations (cm: 15.502 to 6.866)
J,pi=2.5+ from 46.542 to 30.270 took 12 iterations (cm: 20.000 to 13.008)
Incident 4He CM energies

: in 4He+3
lab energies in “He+3He channel
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“He + 3He diagonal phase shifts

270 .

— 05+/01
I —— 05-/11 | Only 3 resonances
180 ——— 154/21 :
1'5+/1 1 in entrance channel:
254,21 | 11in7/2-
90 F 25./31 | 2in 5/2-

3.5+/ 41

35-/31 1 Hint of 5/2+ pole
4.5+ 41
4551 4 (noresonance)

Diagonal phase shift (deg)

_1 80 1 | L | L | L | L | L | L |
0 2 4 6 8 10 12 14
*He incident energy (MeV, cm)
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Barnard_aa data

Search file: test1b-v9gL-xs2.sfrescoed+.sfresco;

2000 T T | T T |

1500 =

A » o &

: Barnard_aa@a23.22 - 1.0% @
: Barnard_aa@a26.76 - 1.0% @
: Barnard_aa@a30.93 - 1.0% @
: Barnard_aa@a37.01 - 1.0% @
: Barnard_aa@a41.99 - 1.0% @
: Barnard_aa@a45.48 - 1.0% @
: Barnard_aa@a47.45 - 1.0% @

~N BN =

1.0
0.9
0.6
1.0
0.6
2.0
0.6

1000 =

500 —

25

\S)

1.5

Dataset

Barnard_aa.dat 0.967

Experiment/R-matrix ratios

Chisqg/pts av norm

0.990

data_Barnard_aa.dat_1-7-9gL-xs2.agr (spacing 0.2)

T T T
I|I

E ”_

gt tudttah bt Ry

VAR SEEY ¥ ,+ + B ll LA ':r!'»"’,n -
L4 = IOVGIn, Wit @) 9 0% ¢ " 3
v diiiaiigree PP R
i ¥ T ¥ n“ur F i
1 | 1 | 1 | 1 | 1
4 5 6 7
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Tombrello_aa data

Seasch i 0al <ot ot Dataset Chisqg/pts av norm av shift
earch file: test1b-v9gL-xs2.sfrescoed+.sfresco;
Tombrello_aa.dat 3.559 1.080 -0.036
T | + T T | T T T T T T T T T — -
= . 22: Tombrello_aa@a23.192 + 8.0% - 36 keV @ 4.5
| . 23: Tombrello_aa@a26.738 + 8.0% - 17keV @ 7.0
A 24: Tombrello_aa@a29.418 + 8.0% - 47keV @ 1.3
1000 — « 25: Tombrello_aa@a30.836 + 8.0% - 13keV @ 3.7
26: Tombrello_aa@a36.999 + 8.0% - 31 keV @ 2.7
B > 27: Tombrello_aa@a39.951 + 8.0% - 21 keV @ 1.8 data_Tombrello_aa.dat_22-29-9g]_-xs2.agr (spacing 0.2)
L 28: Tombrello_aa@a42.62 + 8.0% - 59keV @ 2.0 I - I ; I ; I ; I
i " 29: Tombrello_aa@a45.53 + 8.0% - 67 keV @ 4.2 ”l *
00| T | m -
i }
- — Lyl
| |l
25 +\ 1\ ’:”ll 1\ ’H’H i —
- T AN ‘AJ - i }r — ,MH HH% m‘H A m
| ! ! - \ \ \ 7
1 v\ \/ \I/ I‘/{l/l//
I \ / /o
600 TSR ! th L|
I8 e JT’HY H/HHH\H ¥ Th .
Wi W
400

200 gy ) K *++++H++\ 1
g | I’ \*/i/ H;;ﬁ 4

8 10 12 14
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Spiger_aa data

T Dataset Chisqg/pts av norm av shift
earch file: test1b-v9glL-xs2.strescoed+.stresco; Splger-A1 094004_

. 8: Spiger-A1094004-lab_aa@a16.735 - 9.8% - 33keV @ 1.0

. 9: Spiger-A1094004-lab_aa@a20.002 - 5.7% - 38 keV @ 0.5 Iab_aa.dat 2.633 0.929 -0.048

A 10: Spiger-A1094004-lab_aa@a23.192 - 7.4% - 56keV @ 1.9

< 11: Spiger-A1094004-lab_aa@a26.738 - 5.2% - 66 keV @ 9.3
12: Spiger-A1094004-lab_aa@a29.418 - 4.0% - 57keV @ 1.5

> 13: Spiger-A1094004-lab_aa@a32.12 - 4.8% - 58keV @ 0.6
14: Spiger-A1094004-lab_aa@a33.273 - 6.6% - 14keV @ 0.8

= 13 SpigerAl09400t1ab_aa@ad3257 - 35% - S2keV @ 09 data_Spiger-A1094004-lab_aa.dat_8-21-9gl-xs2.agr (spacing 0.2)
16: Spiger-A1094004-lab_aa@a36.999 - 5.8% - 45keV @ 1.5

a 17: Spiger-A1094004-lab_aa@a39.951 - 5.6% - 44keV @ 1.9 T I T I T [ ' [ '
18: Spiger-A1094004-lab_aa@a42.558 - 6.8% - 42keV @ 3.3 B i
19: Spiger-A1094004-lab_aa@a45.53 - 12.7% - 44 keV @ 4.5 4
20: Spiger-A1094004-lab_na@ad7.428 - 123% - 5TkeV @ 46 | 35| ’4_4\ 3
21: Spiger-A1094004-lab_aa@a48.755 - 6.9% - 67keV @ 4.5

3000

2500

A e NN i 2 SO vl
_ YN X N _p-t-4]

2000

1500

1000

500
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Spiger_aa data (without energy shift adjusting)

3000

2500

2000

Search file: test1b-v9gL-xs2-nosh.sfresco;

- +
[ ++
. ++

A > o

8: Spiger-A1094004-lab_aa@a16.735 - 9.8% @ 1.2
9: Spiger-A1094004-lab_aa@a20.002 - 5.7% @ 1.1
10: Spiger-A1094004-lab_aa@2a23.192 - 7.4% @ 15.3
11: Spiger-A1094004-lab_aa@a26.738 - 5.2% @130.3
12: Spiger-A1094004-lab_aa@a29.418 - 4.0% @ 24.1
13: Spiger-A1094004-lab_aa@a32.12 - 4.8% @ 2.1

14: Spiger-A1094004-lab_aa@a33.273 -
15: Spiger-A1094004-lab_aa@a35.257 -
16: Spiger-A1094004-lab_aa@a36.999 -
17: Spiger-A1094004-lab_aa@a39.951 -
18: Spiger-A1094004-lab_aa@a42.558 -

6.6% @ 0.9
5.5% @ 4.7
58% @ 52
5.6% @ 8.2
6.8% @ 11.8

19: Spiger-A1094004-lab_aa@a45.53 - 12.7% @ 21.7

data_Spiger-A1094004-lab_aa.dat_8-21-9gL-xs2-nosh.agr (spacing 0.2)

35

AT T

kd
et - #—*~&**+~+ ]

20: Spiger-A1094004-lab_aa@a47.428 - 12.3% @ 25.0
21: Spiger-A1094004-lab_aa@2a48.755 - 6.9% @ 15.9

1500 —

1000 —

500 |~

normalizations not refitted
( ) Barnard data not energy-shifted.

Then discrepancies seen in other
aa data sets near the 7 MeV pole.

Chisq/pts
19.085

Dataset
Spiger-A1094004-lab_aa.dat

al
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Mohr_aa data

Search file: test1b-v9gL-xs2.sfrescoed+.sfresco;

10

10

30: Mohr_aa@e1.59539 + 3.1% @ 2.4
R 31: Mohr_aa@¢2.26013 - 10.3% @ 4.7 :
Hooa 32: Mohr_aa@¢2.65898 - 8.6% @ 2.0
« 33: Mohr_aa@e3.05783 - 1.1% @ 2.2

34: Mohr_aa@e3.32372 - 13.6% @ 4.9
> 35: Mohr_aa@e3.45667 - 0.5% @ 3.4
2 36: Mohr_aa@e3.58962 - 5.8% @ 5.1

10 E L] 37: Mohr_aa@e3.72257 - 3.0% @ 2.2 _:
| 38: Mohr_aa@e3.85552 - 4.3% @ 4.4 a
L 4 39: Mohr_aa@e3.98847 + 0.4% @ 3.3 | -
T T T T |
10 20 30 40 5(

Dataset Chisg/pts av norm av shift
Mohr_aa.dat 3.481 0.956

data_Mohr_aa.dat_30-39-9gl.-xs2.agr (spacing 0.2)

I N B
N +// ‘~~\\\+/’,+\ ] ; /
\+ ———————— +”_+“+
251 b N e AT
DR Y
2 I//T\\\\#/#\\ n
\+ ‘‘‘‘‘‘ \+/$\+/+,\
5\ }\ —_ S = F A
I R R —— S
S E——— I~ T
o RURE
P Vo
IS — ey
! I\\.L_L ————— '1{‘/ | L | l' \\'
10 20 30 40 50
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Fasoli_pp data

Search file: test1b-v9gL-xs2.sfrescoed+.sfresco;

160 [~
140 —
120 —
100 —
80 —
60 —

i . 40: Fasoli_pp@a81.0-16.9% @ 2.1

B 41: Fasoli_pp@al00.0 - 5.3% @ 1.9

40 42: Fasoli_pp@al17.0- 1.1% @ 7.5

- 43: Fasoli_pp@al41.0+ 7.5% @ 1.8

- 44: Fasoli_pp@al44.0 + 6.3% @ 3.4

20 45: Fasoli_pp@al66.0 + 7.4% @ 1.6

1 1

1.5

2

1.8

Dataset Chisqg/pts av norm av shift

Fasoli_pp.dat

3.895

0.996

data_Fasoli_pp.dat_40-45-9gl.-xs2.agr (spacing 0.2)

1.6 —

1.4

1.2

T ok SUIDE ST . —+ /*_,%4\ b )>-+_
ro Y TN Yr‘+/ \+_4* Y */
L\ A JEBOE N /*\\g [ *‘4—4 B e i G
T Ty =+ '

R i e s e N
- Y

N

b
-4t
. 1
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Harrison_pp0.data

Search file: test1b-v9gL-xs2.sfrescoed+.sfresco; _Dataset ChISCI/ptS 2 el
. | . | . | . . Harrison_pp0.dat 5489 1.156
250 — — data_Harrison_pp0.dat_55-56-9gL-xs2.agr (spacing 0.2)
t ' I ' I\» I ' I ' I ' I
i ] / o \
B // N |
200 — \ l ‘
i 1 12k 4 | ‘ - —
50 - ] 55: Harrison_pp0@e2.4 + 15.6% @ 4.5 ] /{ \\\\
1 56: Harrison_pp0@e2.6 + 15.6% @ 6.5 - {// Lo LT
/
- — /
/
11/ |
100 {— . I , +
// \\\{
- // N -
' ' M bl
AN -—
50 — — 1= » / I | "N . _|
/* \\\\
— — / *o
/ S
- // \\\ -
A R R R S B Voo
60 80 100 120 140 160 60 80 100 120 140 160
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McCray_pp.data

Search file: test1b-v9gL-xs2.sfrescoed+.sfresco;

800 T T T T | I I | I I | I I I I
data_McCray_pp.dat_46-54-9gL-xs2.agr (spacing 0.2)
i " 46: McCray_pp@a61.6 + 150% @ 2.8 ] i I ' I ' I ' I ' I ]
. 47: McCray_pp@a80.5 + 10.5% @ 0.4 {K
600 [~ + 48:McCray_pp@a81.0+ 63% @ 42 . | |
< 49: McCray_pp@al00.6 + 83% @ 0.4 25 A I —
B 50: McCray_pp@al16.4 + 10.0% @ 1.3 T ] g : ' ’HH* H’IHIH /
> 51: McCray_pp@all18.1 + 11.0% @ 3.8 } p Y +\ /H ¥ tH
= 52: McCray_pp@al33.0+ 13.1% @ 2.3 . - I *\F n
= 53:McCray_pp@al55.8 +19.5% @ 44 ; ! ‘I+ § ;o I
400 54: McCray_pp@al56.1 +16.1% @ 4.2 — b i ,’\* LAVANY
o = *I' td “YIIHHWH;"IW%IHI FaRs s o iy TR
} ¥ RLNY Hy Nt
= S ety
/Y4 -
200 |- = LAY -
1.5 +\\ //\\\ */ * I* //*\ /,+ \* /H\ H*
i N v v PR AR
B l _ _ === *—~ I 7]
i = T ' =3
Y I oo —
0 L L | | | | | ~|§+§‘T‘~$-—-|-———$ | | |
0 0.5 1 15 2 25
. . G
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Spiger-cm_ap data

Search file: test1b-v9gL-xs2.sfrescoed+.sfresco;

Dataset

Chisqg/pts av norm

I | I | I | I | I | I | [ ] 102: Spiger-cm_ap0@e10.3581 + 0.5% @ 1.7 .
12 = 103: Spiger-cm_ap0@e10.8438 @ 0.4 Spiger-cm_ap0.dat 1.419 1.004
/, 104: Spiger-cm_ap0@¢e11.0296 - 0.8% @ 0.4
B < 105: Spiger-cm_ap0@e11.1769 + 1.4% @ 1.9
106: Spiger-cm_ap0@e11.3109 + 0.2% @ 0.1
10 — > 107: Spiger-cm_ap0@el1.445 + 0.6% @ 0.6
f 108: Spiger-cm_ap0@el1.579 + 0.8% @ 1.3
. 109: Sgizer-cm:azo @el1.7011 - 0.6% @ 0.2 data_Spiger-cm_ap0.dat_102-130-9gL-xs2.agr (spacing 0.2)
110: Spiger-cm_ap0@el1.7117 + 0.1% @ 0.1 I T I T I T [ ' [ '
| A 111: Spiger-cm_ap0@e11.8458 + 1.4% @ 2.0 | Up—— e e h i
8 — 112: Spiger-cm_ap0@el11.9798 + 0.6% @ 0.4 'y Y//“‘\f——+___%___.__ T 4 1——_11\\'
v 113: Spiger-cm_ap0@el2.1125 + 0.8% @ 0.5 6 -
L | » 114: Spiger-cm_ap0@¢e12.2466 + 0.3% @ 0.6 + -+ I + ==t
115: Spiger-cm_ap0@e12.3726 - 0.1% @ 0.0 I P P I + — T
6 | [ ] 116: Spiger-cm_ap0@e12.3793 @ 0.7 sk - L
- 117: Spiger-cm_ap0@e12.5133 + 0.2% @ 0.8 Lali T+
A 118: Spiger-cm_ap0@e12.6473 @ 1.2 B — i,,,i—‘:fﬁz—*t_—_-t_::i;‘ff +==—
- < 119: Spiger-cm_ap0@e12.7801 @ 1.9 ' o m e ___ 4 \‘:‘_\ﬁ
v 120: Spiger-cm_ap0@¢e12.9141 + 0.5% @ 0.6 4 — :_-:_—_— ———————————— b ___::_
4 - 121: Spiger-cm_ap0@e13.0442 - 0.4% @ 0.1 — t———=== ¥
+ 122: Spiger-cm_ap0@¢e13.0481 + 0.9% @ 1.5 I p S — —— 2 T
123: Spiger-cm_ap0@e13.1808 + 3.2% @ 10.6 —_————————= = =
. 124: Spiger-cm_ap0@el13.3149 + 1.0% @ 1.3 3F R N
125: Spiger-cm_ap0@e13.4476 + 0.3% @ 1.0 i bommmmTmT P ]
21— < 126: Spiger-cm_ap0@e13.5816 + 0.4% @ 0.6 e m—
127: Spiger-cm_ap0@e13.7157 + 0.8% @ 2.7 2= ey —
- . > 128: Spiger-cm_ap0@e13.8484 - 0.1% @ 1.4 o
+ 129: Spiger-cm_ap0@e14.1815 - 0.2% @ 2.6 - ooy =TT T T
0 [ | | [ | [ | [ | [ | [ | 130: Spiger-cm_ap0@¢e14.3859 - 0.7% @ 0.2 = == = |
45 60 75 90 105 120 135 150 165 180 195 | L | L f L | L | L
60 80 100 120 140
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Elwyn_pa data

Dataset Chisg/pts av norm data_Elwyn_pa.dat_74-101-9gL-xs2.agr (spacing 0.2)

T T T T T T T
Elwyn_pa.dat 4317 1133 T | L O YO i
0——§.__+____.___§,— \ d »
D e e i il —————==
| % ]
\L- i - + —— * > J G — i s =5
Lg ¥ Y L LS
QY —e———— 4 4 + ————d B
- T b - ﬂ’ —— x R
Search file: test1b-v9gL-xs2.sfrescoed+.sfresco;
5 ~—— - ———— . s ]
30 T | T | T T TV —— —— — _ A== v =
I
¥
- [
| . 74: Elwyn_pa@c0.136 + 13.3% @ 2.2 - =TT T e — ¢ —— ¢ ——— ———F————¢———— i
o 75 Elwyn_pa@e0.186 + 13.3% @ 0.1 e —a ————— — + -
25+ a 76: Elwyn_pa@e0.252 + 13.3% @ 21.9 e e ESE Y i Ty —_—
F_——F ==
< 77: Elwyn_pa@c0.324 + 13.3% @ 10.5 4 i S . ~+ = ———— |
. . rw——
B 78: Elwyn_pa@e0.49 + 13.3% @ 5.6 - o —— * e _ L .
> 79: Elwyn_pa@e0.589 + 13.3% @ 2.3 M p—— — P
80: Elwyn_pa@c0.688 + 13.3% @ 2.8 -
20 — . 81: Elwyn_pa@e0.787 + 13.3% @ 2.0 - _— ke — — —A— — Py - . - L, _——A—— -
82: Elwyn_pa@c0.887 + 13.3% @ 2.0 = P
——— - $——4
B 4 83:Elwyn_pa@c0.984 + 133% @ 1.7 —— =t ———F ? ?
84: Elwyn_pa@el.082 + 13.3% @ 23.8 3 — —
v 85 Elwyn pa@el.182+ 133% @ 1.2 ) é
15+ > 86: Elwyn_pa@e1.282 + 133% @ 2.3 + "'\+r/ —¢ "
87: Elwyn_pa@el.382 + 13.3% @ 2.8 i ——F=C
L - At — - —1 4
B = 88 Elwyn_pa@el 481 + 133% @ 7.1 = — _I, JI- = % = =+ 1— +
« 89 Elwyn_pa@el 581 + 13.3% @ 52 ‘
A4 90:Elwyn_pa@el.681 + 133% @ 3.7 | 1 1 - 1 ——¥~
S RN S S S T T = ~y
10— < 91: Elwyn_pa@c1.78 + 13.3% @ 2.4 2 r = | Il T Y 1 v
. ’ p' P B 1
v 92 Elwyn_pa@el 88 + 13.3% @ 3.9 - T~ [ S S S R | — —_
| 93: Elwyn_pa@el.989 + 13.3% @ 2.0 — A — Ty —— =M= R R ————— | =
© 94 Elwyn_pa@e2.078 + 133% @ 1.9 - ] -4 ]——————= =" -
95: Elwyn_pa@e2.177 + 13.3% @ 2.3 [ S E Bl ahainl, SN [
— | - ~
5 o 9 Elwyn_pa@c2.277 + 133% @ 3.9 — — 1 —
97: Elwyn_pa@e2.377 + 13.3% @ 0.4 1 | -
| < 98: Elwyn_pa@e2.476 + 13.3% @ 5.3 -t
99: Elwyn_pa@e2.575 + 13.3% @ 1.7
> 100: Elwyn_pa@e2.674 + 13.3% @ 4.6
00 + 101: Elwyn_pa@e2.775 + 13.3% @ 1.9 C | 1 | 1 | 1 | 1 | 1 | 1 | 1 ‘I‘
oo
20 40 60 80 100 120 140 160
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Lin_pa data

30

25

20

15

10

Dataset
Lin_pa.dat

Chisqg/pts av norm
3.885 1.305

Search file: test1b-v9gL-xs2.sfrescoed+.sfresco;

data_Lin_pa.dat_57-73-9gL-xs2.agr (spacing 0.2)

57:Lin_pa@el.0 +20.4% @ 3.3
58: Lin_pa@el.2 +22.6% @ 6.0
59: Lin_pa@el .4 +26.4% @ 7.0
60: Lin_pa@el.5 +35.6% @ 5.2
61: Lin_pa@el.6 + 37.5% @ 3.3
> 62: Lin_pa@el.65 +32.3% @ 3.6
63: Lin_pa@el.7 +34.7% @ 1.3
[] 64: Lin_pa@el.75+33.3% @ 1.9
65: Lin_pa@el.8 +31.6% @ 3.0
A 66: Lin_pa@el.85 +22.0% @ 6.3
67: Lin_pa@el.9 +303% @ 1.8
v 68: Lin_pa@el.95 +36.4% @ 1.5
69: Lin_pa@e2.0 +21.9% @ 4.1
70: Lin_pa@e2.1 +252% @ 3.2
71: Lin_pa@e2.2 +31.3% @ 4.9
* 72: Lin_pa@e2.4 +38.6% @ 2.9
A 73: Lin_pa@e2.6 + 39.2% @ 7.8

A » o

50 100 150 200

-t
it S beey o oy il
= :_4 /K \\ /k
S e + —
+ = —= T E————
- DA ir__a.//*\ly ey - P 4
=3 Y Y RS Y =__ -
~v
- /4«———* -
JEET S N S alE S
7 - - =,
/*\k *\A_L ot ===
LS S——a——— ¥ Y v + ' ¥
- ——y— —
N . 4-”/’\ — ’,ﬁ , y e ~ 4 s
[ \_ 7 ~ 7
-
— A,\\ —
B - g —— 4
S~ ——F——F T —fy———F——- +
Fm e ¥~ et
— e _ ¥ ¥ i 4 ——— = —]
Y———vy 2 Y
- T N7 A= Sg-———FT _
PO A by S —4
——= —= ———=
L S St et S, etutt et 1 .
—__ - = e
— :/ ——— e S Ao b r—v —
- Tt
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On the Incompatibility of Lin and Elwyn data

Dataset Chisqg/pts av norm sys error %
Elwyn_pa.dat 4317 1133 9
Lin_pa.dat 3.885 1.305 10

My fitted norms are larger than the
started systematic errors.

Elwyn: 13% > 9% !

Lin: 31% > 10% !

The figure shows these data sets
are incompatible.

Need some large scaling factors.
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Fig 7 from Elwyn (1979) paper
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Review of Fit

= Using ferdinand.py:

— Make a GNDS or ENDF file of the R-matrix parameters
— Pointwise reconstruction of elastic and non-elastic cross-sections and
distributions, so Fudge .evaluate api works.

= Use validateWithX4plots.py:
— Extract data from EXFOR independently
— Compare with evaluate-d ENDF cross-sections
— Make graphs, one for each EXFOR subentry.

= At least for 3He incident on “He.
— See next 6 slides to compare with compatible data from EXFOR
— (but without normalization factors or energy shifts!)

. . \"<l
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Review 3He + ?He elastic scattering from EXFOR

Excitation functions for He3 scattering on He4. Units: mb and MeV

Barnard (1964) A1269002 Spiger (1967) A1094004

400 E T T | T | T = 700 E | T | T =
= .. — 54.77 deg 3 = L] — 39.2deg =
= —  63.45 deg 0 ET — 47.0deg 3
300 F~ —  73.95 deg s00 - — 547deg 3
= 90.03 deg 3 E — 63.4deg E
o E 104.6 deg WE 70.1deg 3
= 116.6 deg 300 - — 77.0deg 3
= 258 deg 3 = *te..._80.0deg 3
100 - . eg 3 200 = A — 8326 deg =
= 3 100%— ) A:::::“Q()OdegA 3
- e - S i desn 3
02 3 4 s — 6 0 5 10 ““‘.‘1662":13:‘; 15

— 116.8 deg

— 125.2 deg

135.0 deg

Miller (1958) A1051003 Tombrello (1963) A1295002
E T T | T | T T | T E E | T | T | E
w E — 54.73 deg 3 200 = — 54.7 deg =
TE 64.43 deg = = — 634deg 3
= 90.0 deg 3 150 B — 701deg 3
0 E- .. T 109.9 deg J = — 73.7deg 3
=L 116.6 deg 3 3 900deg 3
= W«.N deg 3 100 F= — 984deg 3
= 3 3 A4006xdez. 3
" g T s,
JELL T T = JE R
3 3.5 4 4.5 4 6 8 10 12

validateWithX4plots.py test1b-v9gl-xs2.sfrescoed+.sfresco-P20,1pt4000eV+.xml -m all -o all -S 1.0 -g -f eps
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Review 3He + *He elastic scattering (2)

Excitation functions for He3 scattering on He4. Units: mb and MeV

Mohr (1993) D0147002 /R

20 40 60 80 100 120 140
Miller (1958) A1051002

T T | T | T | 3

I ]

= — 2.974 MeV ]

— 3.877 MeV n

100 F— —

A

L o -

1 1 1 1
60 80 100 120 140

1000

100

1000

100

Tombrello (1963) A1295006

'l__|_|T|'|T|'| IIIIII|T| IIIIIIII| TTTIT

— 6.25 MeV
— 8.72 MeV
9.69 MeV

validateWithX4plots.py test1b-v9gL-xs2.sfrescoed+.sfresco-P20,1pt4000eV+.xml -m all -o all -S 1.0 -g -f eps

20 40 60 80 100 120 140
Chuang (1971) A1082003
= | T | T | T | =
L — 1.72 MeV ]
— 2.46 MeV
E 2.98 MeV =
[ N ]
L 4 ]
1 1 1 1 v
20 40 60 80 100 120 140
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Review 3He + *He - H + °Li from EXFOR

Excitation functions for He3 scattering on He4. Units:

Spiger (1967) A1094007 E*=0.

22.5 deg
31.6 deg
36.8 deg
40.8 deg

L2
-
[
[
e
LIRS

e

(R

wA o < rae

T
—  15.0deg
—  20.0deg
——  25.0deg
—  30.0deg
35.0 deg
-
ll(lgdt:g
45.9 deg
— 500d&% .
= F .
" = 550deg
—  60.0 deg
65.0 deg
— 70.0deg
— 75.0 deg

<«

e TN

<

1 I-hlllll

300 deg

13

—  85.0deg

mb and MeV, for H1 + Li6 outgoing channel.

Page 2

Tombrello (1963) A1295005 E*=0.

9 9.5 10 10.5

validateWithX4plots.py test1b-v9glL-xs2.sfrescoed+.sfresco-P20,1pt4000eV+.xml -m all -o all -S 1.0 -g -f eps
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11.5

More work
needed for
higher

H1 energies!

They are above
original
Test1b range.
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Review !H + °Li elastic scattering (1)

Fasoli (1964) D0135002 E*=0.

Angle distributions from H1 scattering on Li6. Units are mb and deg. le+05 T T | T | T | T -
Harrison (1963) FO018002 E*=0. Fasoli (1964) D0135003 E*=0. - — 5474deg ]
le+{)5E T T | T T | T T E IUDO_ T T | T T | T ] - . 7014deg*2"1 -
C ] L ] B — 90.0 deg * 272 7
L - — 2.84 MeV
L . i B — 3.2 MeV *24] 7 — 109.87 deg * 273 ]
- — 2:6 sz IS - — 339MeV =22 | 125.27 deg * QNG i
— 2.8MeV *2/2 — 146.77 deg * 215
10000 — 3.0 MeV *2/3 —
E 3.2 MeV * 274 E 149.45 deg * 276
- — 34MeV*275 ] 10000 — 168.65 deg * 27
1000 f— — :
100 |— — | .
E E 1000 (—
I0-’35 I I 90 I I 135 I I 180 ]045 I I 90 I I 135 I 180 -
100 | | | ) | ) '
. . 1 2 2.5 3 35
More work needed for higher H1 energies!
Al
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Review !H + °Li elastic scattering (2)

Angle distributions from H1 scattering on Li6. Units are mb and deg.

Mccray (1963) A1410002 /R E*=0.
T T T T T T T T T

— 90.45 deg /R
— 126.6 deg /R * 2”1
159.7 deg /R * 272

validateWithX4plots.py test1b-v9gL-xs2.sfrescoed+Hin1.sfresco_eH1+Li6-P20,1pt4000eV+.xml -i A1410002 |
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Review H + °Li & %He + 3He from EXFOR

Elwyn (1979) F0012002

1000 T T I T I

Elwyn (1979) F0012003

T
— 0.136 MeV ] o0 T T T T T T T
— 0.186 MeV * 1.5/
— 0.252 MeV * 1.5°2- ;
0.324 MeV * 1.5°3+ ’ co
0.49 MeV * 1.5%4 ] — 0984 MeV
— 0.589 MeV * 1.5"5 — 1082 MeV * 1[571
0.688 MeV * 1.5767 0000 — 1182 MeV *H5"2
0.787 MeV * 1.57 — 1.282MeV * 1573
0.887 MeV * 1.5°8 1.382 MeV * 11574
— —  1.481 MeV * 4515
1.581 MeV * 11516
— 1681 MeV * 1[587
1.78 MeV * LJ"8
— 1.88MeV * 1379
1.989 MeV * B5710
— 2.078 MeV * T|501
— 2,177 MeV * 1|5012
2277 MeV * 115713
— 2377 MeV * 15714
— 2476 MeV ¥ 5715
— 2.575MeV * 516
— 2,674 MeV * 45717
— 2775 MeV * 15718
2.874 MeV * 45119
— 2,973 MeV * 1[5720

1000

1 0 50 100 150 200
0 50 100 150 200
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