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Thermonuclear Reaction Library

= Legacy ECPL/ENDL99 evaluations
 Incident charged particles (p,d,t,He3,He4), light targets Z<=3 (p,d,t,He3,He4,Li6,Li7)

« R.M. White, D.A. Resler, S.I. Warshaw 'Evaluation of Charged-Particle Reactions for Fusion
Applications,' Proc. from Nuclear Data for Sci. and Tech., Ed. S.M. Qaim, Juelich, Fed. Rep.
Germany, 13-17 May (1991)

- S.T. Perkins, D.E. Cullen, 'Elastic Nuclear plus Interference cross sections for light-charge
particles' Nucl. Sci. Eng. 77, 20-39 (1981)
= New evaluations at LLNL by Petr Navratil, David Brown & Chris Hagmann

« Main sources for new evaluations
— Descouvemont R-Matrix analysis

- szg)?Sggz\)/emont, A. Adahchour, C. Angulo, A. Coc, E. Vangioni-Flam, Atomic Data & Nucl. Data Tables 88,

— NACRE (Nuclear Astrophysics Compilation of REaction rate)
- C.Angulo et al., Nucl. Phys. A656 (1999)3-187

— Experimental data not in EXFOR
= LANL n+n evaluation by Gerry Hale

= JENDL-4 n+d, n+tHe3 evaluations
= |nverse kinematics used for remaining evaluations
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Review of ENDL evaluations

= Following slides review ENDL evaluations
= Highlight differences with ENDF

« Many plots, maybe not enough time to go over them all
here

* Include them so can view in proceedings

= Many cross sections available in both ECPL and
ENDF, similar in value, no data to distinguish
« ENDL favors ECPL, continuity of data library
« ENDF may want to keep ENDF if similar to ECPL
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n+He3 evaluation

- ENDF/B-VII.0 (Hale 1990)

= JENDL-4 = JENDL-3.3
« 1987 evaluation by SHIBATA
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(1965) R.L Macklin, J.H.Gibbons
(1967) B.Antolkovic, G.Paic, et al.
(1983) B.Haesner, W Heeringa, et al.
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H-3(p,n)

P I ' T T
(1955) N.A.Vlasov, S.P.Kalinin, et al.

\ (1958) R.L.Macklin, J.H.Gibbons

(1958) R.L.Macklin, J.H.Gibbons

(1959) J.H.Gibbons, R.L.Macklin

(1958) R.L.Macklin, J.H.Gibbons

(1999) C.R.Brune, K.I.Hahn, et al.

(1959) J.H.Gibbons, R.L.Macklin

¢ (1999) C.R.Brune, K.I.Hahn, et al.

+ (1980) M.Drosg

% (1958) R.L.Macklin, J.H.Gibbons

— ENDF/B-VIL.O

— ENDL2009.0

X0+ @
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p+H3 evaluation

= ENDF/B-VII.1 (Hale 1999)
¢ (p’el)’ (p,no), (p’dO) [0-12 MeV]

= ENDL2009 (Navratil et al., 2009)
« (p,el) from ECPL 0 | 3 ‘ 10 ‘ 13 ‘ 20

« (p,ny) from ECPL (ENDF newer fit
with more recent ata)

* (p,dy) from ENDF/B-VII.O

o (Barns)

S
o

— An extension to 20 MeV is given for ‘
the T(p,n) reaction, based on the 0.6
inverse of the 3He(n p) reaction given [
in the ENDF/B file. 0.5

« (p,9) fit to 5 new data sets from PRC @0.4;

— [3] Phys. Rev. C 65: 044008 (2002) E |

— 4g McBroom et al., IYZS Rev. C 25, %0'3f

44 (1982) [in EXFOR] sl

— [5] Phys. Rev. 99, 1368 (1955). |l

— [6] Calarco et al., Phys. Rev. C 28, 0.1}
483 (1983) [EXFOR problem] ‘*

— [7] Phys. Rev. C 51, 1624 (1995) %%
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H-3(p,2)
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= ENDF/B-VII.1 (Hale 1999) T w0l ]
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20 up _
= ENDL2009 (Navratil et al., 2009) f
« (p,el) from ECPL 0T e Py —
« (p,n,) from ECPL (ENDF newer fit Eipe (MeV)
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- (p,d,) from ENDF/B-VII.0 H-3(p,d)
— An extension to 20 MeV is given for 0.2 ‘ ‘ ‘ ‘ ‘
the T(p,n) reaction, based on the — ENDF/BVILO
mverég 02‘ the 3He(n p) reaction given |
in the ENDF/B file. 015k ]

« (p,9) fit to 5 new data sets from PRC
— [3] Phys. Rev. C 65: 044008 (2002).

— 4g McBroom et al., IYZS Rev. C 25,
44 (1982) [in EXFO ]

— [5] Phys. Rev. 99, 1368 (1955). 0.05}- ]

— [6] Calarco et al., Phys. Rev. C 28,
483 (1983) [EXFOR problem].

— [7] Phys. Rev. C 51, 1624 (1995). 0 S T TS
E, . (MeV)
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=
[y
|
|

Lawrence Livermore National Laboratory LLNL-PRES-6461985LLL



6 ' R ' R ' R I
o MAS6
5 o FA64
¢ GE66
- = P
p+Li6 evaluation :. g
> LI77
) x EL79
E * SH79
23 LR
= ENDF/B-VII.1 (Hale 2001) § — NACRE
Q — ENDF/B-VII.O
« R-matrix analysis of reactions in the A=7 system, which JIS 2 ENDL2011
included data for the 6Li(R/,Ip{/and 6Li(p,3He) reactions at w
energies up to about 2.5 MeV.
(pael)! (p,He3) 1 = ‘ Y5 N
ENDL2011.0 (Navratil et al. 2010) &01 o T 5
+ (p,el) from ECPL and ENDF E, . (MeV)

(p,He3) cross section from Hale, NACRE and Gould
— 0 - 0.9 MeV average of NACRE [2] and Hale S-factors

—  0.9-2MeV, Hale S-factor Li-6(p,he-3)
— 2 - 7.5 MeV, NACRE S-factor 025¢ ‘ ‘ ‘
— 8 MeV - 12 MeV, S-factor data from [3] i
s ENDL2011.0
— 12 MeV - 30 MeV, extrapolation g
Angular distributions: From ECPL. 0‘2; E
= NACRE 20.15 : E
+ [2] C. Angulo et al., Nucl. Phys. A656 (1999)3-187. :CE
. 5 01 E
= [3]C. R. Gould, R. O. Nelson, J. R. Williams, J. R.
Boyce, "Cross-Section Requirements for Charged-
Particle Fusion Reactors: The 6Li(p,3He)alpha i
Reaction." Nucl. Sci. Eng. 55 (1974) 267 0.05 E
0 | ‘ | ‘ | ‘ | ‘ | ‘ E
5 10 15 20 25 30
E, _(MeV)
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p+Li7 evaluation

= ENDF/B-VII.1 (Page 2004)
+ (p.el), (p,n'), (P,do), (P,%)

= ENDL2009 (Navratil 2008)
- 7Li(p,n)

« Both ECPL and ENDF/B-VII.0 cross-sections were
discarded. Evaluation is based purely on data

«  (p,ng) [ground state]:
— NIMPR 133, 253 (1976) for 0-2.35 MeV
— PRC 10, 1299 (1974) for 2.4-3.6 MeV
— VANT YK 4, 17 (1984) for 3.6-25 MeV
— PRC 14, 438 (1976) for 25-26 MeV
— Datasets matched with splines.

«  (p,ny) [0.4291 MeV excited state):
— NPA 182, 2, 321 (1972) for 2.3-5 MeV
— VANT YK 4, 17 (1984) for 5-25 MeV
— PRC 14, 438 (1976) for 25-26 MeV

0.6

N
’S

o (Barns)

S
o

S S
’S tn

o (Barns)
(=]
W

Li-7(p,n)

| ' |

B (1982) T.E.Ward, C.C Foster, et al. ]
(1976) K K.Sekharan, H.Laumer, et al.
(1959) J.H.Gibbons, R.L.Macklin
(1976) K K.Sekharan, H.Laumer, et al.
(1965) L.Valentin
ENDF/B-VIL.O

— ENDL2011.0 —

3 | | ‘ | ‘
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E. (MeV)

«  VANT YK 4,17(1984)

Li-7 VANT YK 4,17(1984)
(p ,Il) NPA 1822,321(1972)

PRC 10,1299(1974)

PR 108,5,1294(1957)
PRC 14,438(1976)
PR 121,3,871(1961)
PR 129,6,2679(1961) ]
NIMPR 147,399(1977)
NIMPR 133,253(1976)
NIMPR 133,253(1976)
PRC 10,1299(1974)
ADNDT 15,57(1975)
ADNDT 15,57(1975)
NIMPR 133,253(1976) —
Symp. NS 234(1977)
PR 114,571(1959)

. . i) VIL
—  Datasets matched with splines 02} e; ENBLoY lepo,nn) -
« Angular distributions - i ENDL2011 (p,n))
—  Taken from Page's ENDF/B-VIL.0 evaluation 01| ¥ e -
i -

— Distribution for excited state is same as ground - g; gy > L S P fﬁ\ks

state, but threshold is shifted. oL - ! ! ‘ 1 = 4
2 4 6 8 10

E. (MeV)
mc
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Li-7(p,a)

0.08 ‘ ‘ ‘ :
< 0.5x VANT YK 4,17(1984)
«  NPA 963,513(1967)
0.5x NPA 164,1(1971)
0.06} 0.5x NP 60,4,588(1964) i

NP 44.2.205(1963)
v 0.5x NP 41,176(1963)
» J.of KPS 2,1,1(1969)
NPA 455,179(1986)
»  PRC 61,015802(2000) i
o 0.5xLA-2014 (1957)
e PRC 61,015802(2000)
= 0.5x RSR 6,115(1976)

p+Li7 evaluation

- ENDF/B-VII.1 (Page 2004)

o (Barns)
(=]
(=]
—
|

¢ (p,el), (P,n’o)’ (p7d0)’ (p’ao) — ENDL2011
0.02 -— ENDF/B-VII.O ]
= ENDL2009 (Navratil 2008) -
. (p,el) from ECPL FfF | i3 |
0 5 10 15 20

. ’a

(p.2) _ E. (MeV)
« Cross-section

— < 2.6 MeV : Descouvemont [3] S-factor

— 2.6-3.15 MeV : three experimental points 0.08 ‘ ‘ ‘
from the Rice measurement : ‘

— >3.15 MeV : Page evaluation

— Note EXFOR file with the NP 33, 449 (1962) 0.061
data is wrong as there was an erratum in NP .
41, 176 (1963) (data needs to be multiplied
by 10/7), divided by 2 as normalization
based on 1958 measurement that counted
alphas

« Angular distributions from ENDF/B-VII.O0

o (Barns)
(=]
=
Y

= Decouvemont 2004 0.02

« [3] P. Descouvemont, A. Adahchour, C.
Angulo, A. Coc, E. Vangioni-Flam, Atomic
Data and Nuclear Data Tables 88, 203
(2004).

1
LLNL-PRES-646195 LLL

Lawrence Livermore National Laboratory



p+Li7 evaluation

= ENDF/B-VII.1 (Page 2004)

* (p’el)’ (p’n,O)’ (p’dO)’ (p’GO)

= ENDL2009 (Navratil 2008)

- 7Li(p,d)
« Cross-section
— <10 MeV from ENDF/B-VII.O

— To extrapolate to 30 MeV,
integrated the cross section
from Fig. 6 of PR 163,4,1066
(1967) and got 24 mb.
Measurement was at 33.6
MeV proton energy.
Recommend to use 24 mb at
30 MeV and make a linear
interpolation to the 10 MeV
point of Page

- Angular distributions from
ENDF/B-VII.O

0.04

Li-7(p,d)

o (Barns)
(=}
(=3
[ %)
1

w== ENDF/B-VILO
— ENDL2009.0

E,  (MeV)

15 | 20
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H-2(d,n)

NSE 67 (1978) 190

0.12 o NPA 192 (1972) 609
% PR 101 (1956) 1798
v NRLME 26 (1958)
« UCRL-70522 (1967)
» UCRL-70522 (1967)
u A NPA 206 (1973) 481
d+d evaluation
0.1 — ENDEF/B-VILO N
,g - \I< I — gggizow
S
]
- ENDF/B-VII.0 (Hale 2001) ) S .
o) - 1
« (del), (d,n), (d.p) 0.08 ‘ Y]
= ENDL2009.0 (Navratil 2009) I3
- (d,el) from ECPL !
. | I | ‘ | ‘ | ‘ | ‘ | ‘ | ‘
H2(d,n) anq H2(d,p) 0.060 > 1 3 3 10 12 14
« Cross-section: E, . (MeV)
— < 1.96 MeV Descouvemont [3] S-factor R-matrix
— 196 -5 MeV spline to Ref [4] H-2(d,n)
—  >5MeV ECPL —_— —
« Angular distributions: From ECPL 120+ * SCT2 |
+ Note: The slight mass differences between the p & i KRST (oo
n and between the t & 3He were ignored in the & BRO
creation of the angular distributions in ECPL ~ 100+ A GR9s -
= ENDL2009 = Descouvemont 2004
> — ENDF/B-VII.O
%]
= Decouvemont 2004 2 ol )
+ [3] P. Descouvemont, A. Adahchour, C. Angulo, A. §
Coc, E. Vangioni-Flam Atomic Data and Nuclear 33’
Data Tables 88, 203 (2004) % 6ol |
= [4] Nucl. Phys. A 192 (1972) 609
401 .
. . . —— ] . . . —
1 10 100
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d+d evaluation

- ENDF/B-VII.0 (Hale 2001)
* (d.el), (d,n), (d,p)

= ENDL2009.0 (Navratil 2009)
- (d,el) from ECPL
H2(d,n) and H2(d,p)

o (Barns)

S
s
&%

H-2(d,p)

0.1

IIA-><+

NPA 206 (1973) 481
NPA 369 (1981) 381 ==
UCRL-70522 (1967)
UCRL-70522 (1967)
NRLME 15 (1958)
NRLME 26 (1958)
NPA 193 (1972) 129
PR 107 (1957) 820 | T
NPA 192 (1972) 609
ENDE/B-VILO

ECPL
ENDL2009

: 15
« Cross-section: E. (MeV)
mc

— < 1.96 MeV Descouvemont [3] S-factor R-matrix

—  1.96-5MeV spline to Ref [4] H-2(d,p)

— > 5MeV ECPL 100 -
« Angular distributions: From ECPL Y sc
+ Note: The slight mass differences between the p & 90} KR89 Bochum)

n and between the t & 3He were ignored in the o KR87(Munster)

creation of the angular distributions in ECPL _ A GR95

= 80F ~ ENDRBVILO
% 52352009 = Descouvemont 2004
= Decouvemont 2004 -

+ [3] P. Descouvemont, A. Adahchour, C. Angulo, A. § 0

Coc, E. Vangioni-Flam Atomic Data and Nuclear S ; T %

Data Tables 88, 203 (2004) ; 60l 1

= [4] Nucl. Phys. A 192 (1972) 609 sol- l
— —
401 10 100
E_ (keV)
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d+t evaluation

= ENDF/B-VII.O (Hale 1995)
* (d.el), (dng), (d.ny)

= ENDL2009.0 (Navratil 2009)

- (d,el) from ECPL

«  H3(d,ny)

« Cross-section:
— Low energy Descouvemont [3]
— High energy ECPL
— Peak at 105 keV of 4.85 b
—  TUNL evaluation peak 4.88 b at 105 keV
— ECPL4.99 b at 107 keV
—  ENDF 5.01b at 108 MeV

« Angular distributions: Taken from ECPL

«  H3(d,n;)Hed* -> p+t
— ENDF evaluation extended up to 30 MeV

= Decouvemont 2004

» [3] P. Descouvemont, A. Adahchour, C. Angulo, A.

oc, E. Vangioni-Flam Atomic Data and Nuclear
Data Tables 88, 203 (2004)

= [4] Nucl. Phys. A 192 (1972) 609

o (Barns)
[y
oI
-
——

[y
cl
N
T e

H-3(d,n)

[ | — ENDF/B-VILI H3(d,n,)

(1987) R.E.Brown, N.Jarmie, et al. |
% (1975) E.Magiera, M.Bormann, et al.
% (1953) R.GJarvis, D.Roaf
(1958) E.M.Balabanov, I.Ja.Barit, et al.
(1958) E.M Balabanov, 1.Ja Barit, et al.
(1957) S.J.Bame Jr, J.E.Perry Jr
X (1961) M.D.Goldberg, J.M.Le Blanc
(1957) V.A.Davidenko, I.S.Poerebou, et al.
M (1957) V.A Davidenko, I.S .Poerebou, et al.
(1956) A.Galonsky, C.H.Johnson
(1952) J.P.Conner, T.W.Bonner, et al.
(1951) J.E.Brolley Jr, J.L .Fowler, et al.
A (1951) D.L.Allan, M.J.Poole
B (1954) W.B.Arnold, J.A Phillips, et al.
— ENDL2009 H3(d.n,)
ENDL2009.0

ENDF/B-VIL.1 H3(d,n))

T BT IT] R |

107 -

10° 100 10°

E. (MeV)

mc

H-3(d,n)

100 10

N
()]

| |— ENDF/B-VILO

JA84
< BR87
ENDL2009 = Descouvemont 2004

[
—

S-factor (keV b)

[
9]

10

10
E_ (keV)

100
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PLB 32 (1970) 99
PL 4 (1963) 198
PRL 53 (1984) 767| ]
PRC 47 (1993)29 | ]
— ENDL2009 ]

> ¢ oo

d+t evaluation

- ENDF/B-VIL.O (Hale 1995)
* (d.el), (d,no), (d,ny)

o (Barns)
=
[
[—]
=
|

- ENDL2009.0 (Navratil 2009) 200ul
« d+t->g+5He*->g+n+4He
« Cross-section

— The t(d,g) evaluation is based on Ref. [4]. 10
Several experiments agree that the cross-
section ratio is constant at resonance. At
higher energies, the ratio appears to rise. In
particular, there is a Caltech measurement
oing up to 9 MeV. Therefore, we did the
ollowing:

—  Below 0.4 MeV, we took the ratio 1.2 x 10-4
from the above Ref. [4]

— From 0.4 to 9 MeV we assumed a linear
increase up to 7 x 10-4 according the
Caltech data referenced in the above Ref. [4]

— At higher energies, there is no information.
Therefore, we kept the 9 MeV ratio also
beyond

— Note that the EXFOR files with the PRL 53,
767 (84) data appear to be incorrect

« Angular distributions: Taken from ECPL

Lawrence Livermore National Laboratory T



d+He3 evaluation

- ENDF/B-VII.0 (Hale 2001)
¢ (d’el)’ (dipO)

= ENDL2009.0 (Navratil 2009)
« (d,el) from ECPL
« He3(d,p)
« Cross-section:

— low energy coming from
Descouvemont 2004

— matched at higher energies with
ECPL

« Angular distributions: From ECPL

— Note: The slight mass differences
between the p & n and between t &
3He were ignored in the creation of
the angular distributions in ECPL

He-3(d,p)

0.8

o (Barns)

S
=

S
o

o
=)
I

™T T T T

+ (2005) H.Erramli, T.Sauvage, et al.
(1960) L.Stewart, J.E.Brolley Jr, et al.
(1977) Li Zhichang, Yang Jingang, et al. 1
(1981) R.Roy, F.Seiler, et al.
(1999) W.H.Geist, C.R.Brune, et al.
(1953) R.G Jarvis, D .Roaf

(1999) W .H.Geist, C.R.Brune, et al. —
(1999) W .H.Geist, C.R.Brune, et al.
ENDL2009.0

— ENDF/B-VILO

+

m+e+

E_ (MeV)

He-3(d,p)

AlO1
AlO1
Sch89
Co05
Kr87
— ENDF/B-VILO
ENDL2009.0

>4 90

— . . R S R
10 100

Lawrence Livermore National Laboratory
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d+Li6 evaluation

= ENDF/B-VII.0 (Page 2004)
y (d’el)’ (d’nO)’ (d’pO)’ (d’aO)

= ENDL2011.0 (Navratil 2010)

 (d,el) from ENDF (extended to
higher energies)

« (d,a) from ENDF (up to 4.55
MeV)

— extended to higher energies to
match data from [3,4]

— ENDF low, needs re-evaluating

« (d,n+He3) from ECPL

[3] R. Risler, W. Gruebler, A. A. Debenham, V.
Koeni% P. A. Schmelzbach, D. O. Boerma,
Nucl. Phys. A 286, 115 (1977)

[4] N Arena, | Ya Barit, S Cavallaro, A d'Arrigo,
G Fazio, G Giardina, V V Ostashko, M Sacchi,
V N Urin and S V Zuyeyv, J. Phys. G 20, 12,
1973 (1994)

Li-6(d,a)

(2009) B.Lalremruata, V.K.Mulik, et al.
T T (1985) Cai Dunjiu, Zhou Enchen, et al.
1/2 * (1968) F.Bertrand, G.Grenier, et al.

0.5x PPS 852281 (1965)

0.04|- A (1969) Chul Chu Lee
¢ (1981) M.S.Golovkov, V.S Kulikauskas, et al.
(1977) AJ.Elwyn, R.E.Holland, et al.
(1977) R Risler, W.Gruebler, et al.
ENDL2011
0.03|- — ENDF/B-VILO
—_
7
=
S
2
Z0.021 .
@)
0.01| _
—l . . . ——
1 1 10
E, (MeV)
o YF34,3/9,861 (1981)
'_ = UCRL-70522 (1967)
Li 6((1,3) UCRL-70522 (1967)
0.5x NP 38, 11 (1962)
i
v PRC 11,2,370 (1975)
004+ > 0.5x Cea-r-3428

0.03

o (Barns)
Sl
=)
o

0.01

JKPS 2,1, 1 (1969)

NPA 286, 115 (1977)
PRC 18, 1127 (1978)
PRC 16, 1744 (1977)

= La-2014 (1957)
o NPA 330,495 (1979)

CNCST 2, 697 (1975)
CNDST 2,956 (1982)
Atomki-ar-88 41 (1989)
JPG 20, 12, 1973 (1994)
Jiang (1985)

PRC 16, 1744 (1977)

ENDL2011
ENDF/B-VII.O
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d+Li6 evaluation

Li-6(d,n)

(1990) O.N.Vysotskij, O.K.Gorpinich, et al.

(1980) B.Ja.Guzhovskij, S.N.Abramovich, et al.
X (1977) Liang Qichang, Wu Zongxi, et al.
* (1979) L.Ruby,R.V Pyle, et al.

ENDL2011
— ENDF/B-VIL.O

0.1 Bk .
= ENDF/B-VII.0 (Page 2004) £
[==]
« (d,el), (d,ng), (d,py), (d,a,) Y I
0.05 -
=  ENDL2011.0 (Navratil 2010) [
*  (d,n) from ECPL
(d,p) from ENDF (extended to higher energies) % - L
(d,t+p) from ECPL, expt data labeled as (d,t) : lEi,.c By 10
Li-6(d,p+t) Li-6(d,p)
- S 0.08 a
A
ENDL2011.0 x (1968) F.Bertrand, G.Grenier, et al.
0.25 | A (1955) R.L.Macklin, H.E .Banta A | ENDL2011
L — ENDF/B-VIL.O
aah — 0.06 -
0 e - _
% 0.15} ( - % 0.04 -
0.1} { -
0.02 i
0.05| A -
—l . , , M| | . |
9.1 1 10 9. 1 10
E,  (MeV) E, (MeV)
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Li-7(d,n+a)

08l (1980) Ma Weiyi, Wang Dao, etal.| _|
d+Li7 evaluation ~
= ENDF/B-VII.O (Hale 2003) So4r ]

« (d,el), (d,na), (d.t,) oal. |
= ENDL2011.0 (Navratil 2010) v
. gc(l),el\l/? ef\r/om ENDF, extended up to 0 3 YE ey B Y
- (d,na) from ECPL (but ENDF Li-7(d.t)
better fit to data) o2 | - |
. (d,t) from R.L. Macklin [5] data | ————
up to 4 MeV; at higher energies e — FNDFBVILY
scaled ENDF 015} 7 i

— Angular distributions: ENDF/B-VII.0

o (Barns)
(=]
"
|

5] R.L. Macklin, H.E. Banta, Phys. Rev., 97, 753 0.051
1955)

E,__ (MeV)
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Li-7(d2n)

0.1 —
0.08 } + } s
d+Li7 evaluation |
_ L
2 0.06 W " |
= ENDF/B-VII.0 (Hale 2003) Too  aE |
n A (1990) O.N.Vysotskij, O.K.Gorpinich, et al.
° (d,el), (d’na)’ (d,to) 002 | ggg?zi.f?:guzhovsku,S.N.Abramovwh,etal. |
= ENDL2011.0 (Navratil 2010)
0 | |
. 5 10 15 20
(d,2n) from ECPL E_ (MeV)
* (d,p)
— < 0.7 MeV from Ref. [3] Li-7(d,p)
— 0.7 - 3.4 MeV from Ref. [4] - -
— > 3.4 MeV educated guess 02
— Angular distributions: from (d,na) ' _
neutron dist. 02 3 |
? f?i “ ; " (1998) L.Weissman, C.Broude, et al.
r_g 0.15 ey o047 | < (1982)B.WFilippone, AJ Elwyn. etal. R
= - O Y W (1960) R.W Kavanagh - ,
E,] B.W. Filippone, A.J. Elwzyn, W. Ra%/ Jr., D.D. ol 2L o ntmpone A Bl |
oetke, Phys. Rev. C, 25, 2174 (1982) ‘ 4 R NI
[4] D.W.Mingay, J, SAP, 2, (3), 107 (1979) 0.05 ? > U579 D Mingsy i
| A ENDL2011.0
0 T ~10
E . (MeV)
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H-3(t,2n)

|
t+t evaluation e
i (1962) A M.Govorov, Li Ga En, et al.
[ | m (1958) N.Jarmie, R.C.Allen

I | — ENDL2009.0
| |— ENDF/B-VIIL.O

- ENDF/B-VII.O (Hale .|
2001) |

. (t,el), (t,2n) 0.05
- ENDL2009.0 = ECPL |
* (t,el), (t,2n)

= Recent R-matrix work
for H3(t,2n)He4

- Dan Sayre

- Gerry Hale (neutron
spectrum)

o (Barns)

]
10

do1— 0 1
E_ (MeV)
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t+Li6 evaluation

- ENDF/B-VII.0 (Hale 2001)
« (tel), (t,na), (t,dy)

= ENDL2011.0 (Navratil, Brown, Hale

2010)
+ (t,el) from ENDF

« (t,2n) from ECPL

« (t,na)

— Based on data by Valter et al. [3] and
Gluzhovskij et al. [4]
Angular distributions: From ECPL

- (tLp)

— Based on data by Abramovich [7].

— Un-normalized data by Ciric [6] scaled by
24000 to match [7]

— Voronchev data [5] for cross section of 8Li
excited state seems to justify existence of
peak around 1.5 MeV

— Angular distributions: proton distribution
same as neutron distribution from the (n2a)
reaction, ignoring the mass differences

« (t,d) from ENDF

[3] A.K.Valter, P.I.Vacet, L.Ja.Kolesnikov, S.G.Tonapetjan, K.K.Chernjavskij,
A.1.Shpetnyj, Atomnaya Energiya 10, (6), 577 (1961)
[;1] B.Ja.Guzhovskij, S.N.Abramovich, A.G.Zvenigorodskij, S.V.Trusillo,

rikladnaya Yadernaya, Spektroskopiya 13, 135%1984)
[5] V T Voronchey, V | Kukulin, J. Phys. G: Nucl. Part. Phys. 26 L123 (2000)
[6] D.Ciric, B.Stepancic, R.Popic, D.Stanojevic, M.Aleksic, Fizika, 4, 193, (1972)
7] S.N.Abramovich, B.Ja.Guzhovskij, A.G.Zvenigorodskij, S.V.Trusillo,
S.A.Dunaeva, lzv. Rossiiskoi Akademii Nauk, Ser.Fiz. 50, (1), 65 (1986)

Li-6(t,n+a)

o (Barns)

©  Valter 1961

¢ Gluzhovskij 1984
— ENDF/B-VII.O
— ECPL

l%%% ENDL2011.0

! . .
10 15 20
E. (MeV)

inc

Li-6(t,p)

0.06

0.04}-

o (Barns)

0.02|;

I ' I
= Abramovich 85
* Voronchev 2000 6Li(t,p1)8Li*

% s Ciric 1972 scaled by 24000
ENDL2011.0

5 | 10 | 15 | 20
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He3+He3 evaluation

- ENDF/B-VIL.0 (Hale 2001) He-3(he-32p)
. (He3,el), (He3,2p) T —
- ENDL2011.0 (Navratil 2010) [ f

BR&7

- (He3,el) from ENDF = > AR
° (He3 2p) § — I]:ZII?]SE/%-VH.O ]
— NACRE S-factor evaluation [4] that £ s |
includes LUNA data [5] i
— Angle and energy distributions:
from ENDF 21 §
[4] C. Angulo et al. (NACRE Collaboration), Nucl. Phys. 6).01 e 0‘1 e ‘1 i “1‘0
Aé56 (1999)3-187 E_ (MeV)

[5] The LUNA Collaboration, M. Junker, et al., The cross
section of 3He(3He,2p)4He measured at solar energies,
Nuclear Physics B - Proceedinng Supplements, Volume 70,
Issues 1-3, Proceedings of the Fifth International Workshop

on topics in Astroparticle and Underground Physics,
January 1999, Pages 382-385, ISSN 0920-5632.
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Li-6(he-3,p+a)

0.2

He3+Li6 evaluation ..

- ENDF/B-VIL.O (Hale ~ i"
2002) ul
° (He3’e|)’ (He3’pa)’ L T S T T R S—

(He3,do) B
- ECPL

 (He3,el), (He3,pa),
(He3,d)

Li-6(he-3,d)

. l . l . l . l . l .
0 5 10 15 20 25 30
E. (MeV)
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Translation from ENDL to ENDF

= New LLNL evaluations developed using ENDL format from variety of
sources

« Why can we not just simply translate back to ENDF?

= When translating from ENDF into ENDL, information is lost

« Reformatted ENDF parameterized forms to pointwise data for ENDL
— such as phase space representation

« Need to rebuild evaluations in ENDF format using actual ENDF distributions
— can use GND/fudge to do this now

= Legendre distributions from ECPL stored in different format than ENDF

= Will be first evaluations built using new fudge/GND
« Develop framework in fudge for cut/paste evaluations from different sources

= Evaluations based on ENDF/B-VII.O

« Need to include updates to some evaluations for ENDF/B-VII.1

= Documentation needs to be re-written for all evaluations
« Currently too much ENDL speak
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