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Abstract

R-matrix fits to "Li(p, 70)®Be cross section data for Ep < 1500 keV give reduced width
amplitudes of the 11 levels of 8Be at 17-64 and 18-15 MeV having signs in agreement with
shell model calculations, contrary to previous fits to less-extensive data.

1. Introduction

There has recently been renewed interest in the low-energy "Li(p, 70)®Be
cross section, following work by Chasteler et al. (1994) which gave evidence
for a substantial p-wave strength, of uncertain origin. They pointed out that
this could significantly reduce the zero-energy astrophysical S factor obtained
by assuming pure s-waves, and suggested that a similar phenomenon might be
present in the "Be(p, 70)®B reaction, which is of importance in the solar neutrino
problem. Several papers have sought to explain the Chasteler et al. data, which
is for E, < 80 keV (Rolfs and Kavanagh 1994; Zahnow et al. 1995; Weller and
Chasteler 1995; Barker 1995; Godwin et al. 1996).

Earlier, "Li(p, 70)®Be data in the energy range E, = 380-960 keV (Mainsbridge
1960; Schlueter et al. 1964; Ulbricht et al. 1977) had been fitted using elements of
the transition matrix as the adjustable parameters (Barker 1979). Interpretation
of these matrix elements in terms of ®Be level parameters suggested relative
signs of the reduced width amplitudes of the 1%t levels at 17-64 and 18-15 MeV
different from shell model predictions.

The similar fit (Barker 1995) to the low-energy data of Chasteler et al. required
relative signs different from those obtained in the higher-energy fits, and possibly
different from the shell model values.

The aim of the present work is to obtain a consistent fit to all the data,
including some that has become available recently (Zahnow et al. 1995), and, if
this is possible, to see if the signs are necessarily in conflict with shell model
values. The main difference in approach from the earlier work is that here the
fitting parameters are the level parameters themselves rather than the transition
matrix elements.

The R-matrix formulae for the 7Li(p, 70)®Be total cross section and for the
angular distribution and analysing power coefficients are given in the next section.
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The data are in Section 3. Section 4 gives the fitting procedure and results, and
finally these results are discussed.

2. Formulae

The differential cross section for the "Li(p, 70)®Be reaction can be expressed
as

7(6) = (0tot/4m)W (6), 1)

where o4, is the total cross section, and the angular distribution W (0) is given
by

W) =1+ ZakPk(cose) . (2)

k=1
The analysing power is likewise given by

Ay(8) = W(0)]™" ) by Pl (cos). (3)

k=1

Here 001, a and by are energy-dependent quantities, which may be expressed

in terms of the complex transition matrix elements U ;’; LpJs> where the radiative

transition is from an initial 8Be state J;, formed from "Li + p with channel spin
s and relative orbital angular momentum ¢, to a final state Jf, and L is the
multipolarity of the transition with p = 0 (1) for electric (magnetic) radiation.
Since Jf = 0 here, we have L = J; and p = mod(| J; —1 —£|,2), so that the
matrix element may be abbreviated to U st In the present analysis, for proton
energies E, < 1.5 MeV, we restrict the radiations to E1 and M 1, so that J; =1
and J; may be omitted as an index. We also assume ¢ < 2. Then there are
five matrix elements Uy : Uy, Uy, Ua1, Uiz and Usg, and one has* (Seyler and
Weller 1979)

otot = (3m/8k)T, (4)

* Equivalent formulae (without the £ = 2 terms) were given by Ulbricht et al. (1977). Barker
(1979) pointed out that these contained errors (see also Seyler and Weller 1979). The equations
(4)=(8) of Ulbricht et al. were derived from equations (33-8) and (33-11) of Baldin et al.
(1961). Of these, however, ?quation (33-11) is incorrect and should be multiplied by the

factor (—1)7tFs1+a—Ja=s2=L+1  This factor appears to arise from an error in the derivation
by Baldin et al. of their equation (31-8) from (31-6), in that (31-8) should have an additional

factor (—1)71+e1+1=J2=92=6,41425  Oorrection of this error would cause a change of sign
of the first term in the expression for B in equation (7) of Ulbricht et al. Furthermore the
coefficients of all terms in B; and B should be doubled and the signs of all these terms
should be changed (the relation Py = —Ay given by Ulbricht et al. is correct if the same
y-axis is used for both the polarisation and the analysing power measurements; however, if
the y-axis in each measurement is chosen in accordance with the Basel convention, as is the
case for both Ulbricht et al. and Baldin et al., then one has P, = Ay).
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where

T=IU10|2+|U11‘2+|U21I2+|U12|2+lU22|2 (5)

and

a1 = T~ [~2-449Re(U}yU11) — 1-732Re(U11U12)
—2.324Re(U3,Us2)], (6)
ag = T~Y[1-414Re(UsoUi2) +0-5 | Uy | —=0-1 | Uz 1> -0-5| Uz |?
+0-5| U |, (7)
by = T~1{0-612Im(UjoUn1) + 1-369Im(Ut,Ua1) + 0-866Im(UT,Usa)

+0-775Im(Us,Ura) — 1-162Im(Uz, Una)) (8)

by = T~ 1[~0-354Im(UfyUsa) — 0-354Im(U5oUss) — 0-224Im(U1,Uz1)
+0-5Im(UpyUs2)] - (9)

The total cross section is usually expressed as an astrophysical S factor

S = Eoyore®™, (10)

where E is the "Li + p c.m. energy and 7 is the Sommerfeld parameter.

Expressions for the transition matrix elements Uy, in terms of level parameters
may be obtained from R-matrix theory (Lane and Thomas 1958). Although
the standard R-matrix theory is based on assumptions that are not justified for
radiative capture reactions, such as the present "Li(p, 70)®Be, modified formulae
including channel contributions may be obtained for these reactions; these formulae
reduce to the standard form if the final state is strongly bound (Barker and
Kajino 1991), as is the case here (Q =17-25 MeV). Thus we assume R-matrix
formulae of standard form, involving real constant reduced-width amplitudes for
the photon channels. For the E1 component, Zahnow et al. (1995) assumed only
s-wave direct capture, but they had to use very large values of the spectroscopic
factor in order to fit the data (C2S = 6-8 for o and 27 for 7o +m)-

We assume that two 11 levels of 8Be contribute to the M1 capture; these
are the known levels at E, = 17-64 and 18-15 MeV (Ajzenberg-Selove 1988),
labelled A = 1 and 2 respectively. Then one has

Usg = 2'L.ei(wl—d)l)(PlP'y)% 27}\31'7,1;,7A>\u (S =1, 2)’ (11)
A
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where

(A = (BX — E)8ru— ) Ma1Yus1 (S1 — By +iPy) . (12)
S

Here S¢, P, and —¢, are the energy-dependent shift factor, penetration factor
and hard-sphere phase shift, which are expressible in terms of Coulomb functions
evaluated at the channel radius a, B, is the constant boundary condition
parameter, and wy is the Coulomb phase, all for the "Li(g.s.) + p channel (Lane
and Thomas 1958). Also we take P, = (E,/E,,)?, with E,, =17-64 MeV. The
eigenenergies E% are labelled by p to distinguish the 1% and 1~ levels, and the
Yase and 'yf,y are reduced width amplitudes. In equation (12), contributions to
the summation from neutron channels and from proton channels to excited states
of "Li are expected to be small and are neglected.

We also assume that two 1~ levels contribute to the E1 capture. Of these
one (A =1) is taken to be the giant dipole resonance (GDR) based on the 8Be
ground state, which has been observed (Fisher et al. 1976) at E, = 21-6 MeV.
This may be identified with the second 1=, T' = 1 shell model state of 8Be, which
has a large E1 matrix element to the ground state; it is predicted at 18-26 MeV,
or 3-24 MeV above the lowest negative-parity state, which is 27, T=0 and
identified with the level observed at 18-9 MeV (van Hees and Glaudemans 1983,
1984). A 17, T =0 level has been observed at 19-4 MeV (Ajzenberg-Selove
1988). Barker (1977) found that the "Li + n scattering lengths suggest a low-lying
1~ level of 8Li, and hence a 17, T =1 level of ®Be at about 20-3 MeV. Van
Hees and Glaudemans predict the lowest 1=, 7' =1 state 1-88 MeV below the
GDR, and 17, T = 0 states 4-50 and 2-09 MeV below. Nominally T'=0 1~
states would contribute to the "Li(p, o)®Be reaction only through isospin mixing
with T' = 1 states. Ulbricht et al. (1977) claimed evidence for a 1~ level at
17-70 MeV, but the justification for this has been contested (Barker 1979; Arnold
and Seyler 1979). Thus the other assumed 1~ level (A = 2) could represent an
actual 17,7 =1 level, or an isospin-mixed T = 0 level, or more generally some
background contribution.

The R-matrix formulae for the transition matrix elements due to the 1~ levels
can then be written

Ugp = 2iei(wl_¢Z)(PgP—y)% Z ’)C\sZ'Yg—yA)\u ) (13)
Ap
where
(A" = (B = E)éru — > TaseVuse(Se — Be +iFy) (14)

sl

with s¢ taking the values 10, 12 and 22.

There are therefore 18 adjustable parameters (four Ef, ten vz and four Yar)s
in addition to a and By,. In order to obtain starting values for these parameters,
we use one-level approximations to fit observed level energies and widths, and
shell model calculations to obtain signs and ratios of reduced width amplitudes.
For the particular level A(p), with observed resonance energy E,., half width I'; /2
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and radiation width I, we take

Ef = Er + ) el Se(Er) - Bdl, (15)
st

and identify the widths with the calculated ‘observed widths’ in the Thomas
approximation

2 Z ’yg\sZPZ(ET)
st

1+ > 23.ldSe/dE)p,
st

2(7%,)? Py (Er)

1+ > 72.ldSe/dE)s,
st

Lyp=T% = (16)

r, = ng =

(17)

provided By = S¢(E;). Tl}e proton reduced width amplitudes are related to
spectroscopic amplitudes Sy , by

st = Orse(H?/Ma?)¥ (18)

Orse = 9?3332, (19)

where the single-particle dimensionless reduced width amplitude is given by

69 = (g)%um)/[ /0 ) u%<r>dr]% (20)

with r~lug(r) the radial wave function at energy E,. We calculate the S)%sl using
the shell model code OXBASH (Brown et al. 1986). In order to obtain the signs
correctly, allowance must be made for the different coupling order assumed in
OXBASH and in the formulae of Seyler and Weller (1979), and for the different
form of e.m. operator (Y as compared with i‘Yy).

For comparison with the analysis of Zahnow et al. (1995), we have also made
fits in which the E1 contribution to the "Li(p,yo)®Be reaction is not attributed
to 1~ levels of 8Be, but is taken from the s-wave direct-capture formula given
by Zahnow et al. Then we get

Uyo = [(16M/37h%)Spc (E,)exp(—88- 12E70°5))3¢i6-9%0) (21)

while Ujp = Uy = 0. Here M is the reduced mass (in AMU), Spc(Ep) is as
given by Zahnow et al., E is in keV, and ¢ is an arbitrary constant phase. Then
Uqo contains two adjustable parameters, (C’2.S’)’17 and £.

3. Data

We are interested in the 7Li(p, 70)®Be cross section at energies well below
the GDR, which is at E, ~ 5 MeV. We therefore consider data for energies
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E, <1-5MeV, say. In this energy range, Zahnow et al. (1995) have recently
given values of the astrophysical S factor, for E, 2 100 keV. They also give
values of the forward-backward anisotropy I,,(0°)/I,,(150°). Earlier, Schlueter
et al. (1964) had given values of the relative total cross section for E;, 2 400 keV,
as well as angular distribution coefficients ax for Ej 2 800 keV. Fisher et al
(1976) gave absolute values of ¢(90°) for E, 2 800 keV. Values of a; may also be
obtained from Table 1 of Mainsbridge (1960) (who actually gave the coefficients
for an expansion in powers of cosf) for E, = 321 — 1100 keV.

The coefficients By, (k = 1, 2) given by Ulbricht et al. (1977) for E, = 381—-960 keV
are related to the quantities in the preceding section by By = 3Tbyx. Ulbricht et
al. must originally have measured values of by; they then calculated values of
By by taking values of T from Schlueter et al. (1965), normalised in the region
E, =~ 1 MeV to the absolute values of Fisher et al. (1976). The values they used
for T are, however, not very certain, particularly in the region of the 441 keV
peak, which Ulbricht et al. took to have a width of 12-2 keV, because of the
large thickness of the target used by Schlueter et al. (32 keV at E, = 441 keV).
Thus we have derived values of by and their uncertainties by fitting the values
of the analysing power Ay(6) given in Fig. 4 of Ulbricht et al., using equation
(3), with W(0) taken from the measurements of Mainsbridge (1960).

Cecil et al. (1992) have given values of the S factor and angular distribution
W(8) at low energies, E, = 40 — 170keV, and Chasteler et al. (1994) have
measured the angular distribution and analysing power Ay(f) at E, =~ 70 keV.
These values are not included in our fits, but the predictions of the fits to
the higher-energy data are compared with these low-energy values. The same
applies to angular distribution measurements by Hahn et al. (1996), which were
published after these calculations were completed.

In our fits, we use the values and assigned errors of the S factor and the
forward—backward anisotropy from Zahnow et al. (1995). The ay values are taken
from Mainsbridge (1960) and Schlueter et al. (1964). Schlueter et al. gave the
errors in their values. Mainsbridge gave only a constant error £0-036 in his
coefficient of cos? 6, so we take an error 0-025 in the ao values, and assume an
error £0-05 for a;. The errors in the by values that we obtain from fits to the
data of Ulbricht et al. (1977) correspond to an increase in x? by x?/v, where v
is the number of degrees of freedom.

4. Procedure and Results

The 18 adjustable level parameters in the R-matrix formulae of Section 2 are
varied to give a least-squares best fit to the data of Section 3. We use the
conventional value for the channel radius a = 1-45(73 +1)fm = 4.22fm. Starting
values of some of the parameters are obtained by fitting measured properties
(energies, widths, radiative widths) of observed levels (Ajzenberg-Selove 1988)
and by using results of shell model calculations (van Hees and Glaudemans 1983,
1984).

For the two 1+ levels, identified as the 17-64 and 18-15 MeV levels of ®Be, we
choose B; = S1(E}), which makes E} equal to the resonance energy (0-386 MeV)
of the 17-64 MeV level. Then a value of v2; + 7%, is obtained by fitting the
observed width of 10-7 keV, using equation (16), and a value of (v{,)? comes
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from fitting ['5=16-7 eV, using equation (17). Values of 4%, and %, separately
are obtained by using the measured channel spin ratio, 771 /731 = 3-2. Likewise
starting values of E},v3,;,7%,; and (y3,)? are obtained by fitting the energy,
width, radiative width and channel spin ratio (taken as 735;/731; = 15, from
Barker 1995) of the 18-15 MeV level, and allowing for the change of parameter
values with change of B; (Barker 1972). The relative signs of the Yxs1 and 7>1\~r are
obtained from the shell model calculations (see Barker 1995); then 111, 7121, 7221
and 'y%,y are all positive, while 211 and ’yll,y are negative. Some level properties
are not well determined by the present data; these include the energy and width
of the 18-15 MeV level, the best values of which (E, = 0-896 £ 0-004 MeV and
T = 138+ 6 keV) come from the "Li(p, p'y)"Li and '°B(d, )®Be reactions. Thus
in most of our fits, including those described below, we do not change the values
of E} and 7311 + 731

Similarly for the two 1~ levels, one level (A = 1) is identified as the GDR, and
we choose By = So(E?) and Bs = S»(E?). From the observed properties of the
GDR, E, =21-6 MeV, I' =5-3MeV and oot = 33 ub (Fisher et al. 1976), we
obtain a value of the parameter EY and two relations between the parameters
V210: V212 + 7322 and (7{,)2. Since the GDR lies far above the range of the present
data, these data do not determine well the GDR properties, so we do not vary
the value of E? and we use the relations to determine the values of Y30 and
(79,)% in terms of 771 + 7722. The ratios and relative signs of these 71s¢ are
initially obtained from the shell model calculation, assuming for simplicity equal
single-particle reduced widths for £ =0 and £ =2. The other 1~ level is initially
assumed to be the lowest 1=, T =1 shell model state, lying 1-88 MeV below
the GDR, but the parameter EJ as well as 7210, 7252 and 737 are all allowed to
vary in the fits. At this energy, this level is also a ‘background’ level.

In fitting the data, the parameters of the 1t levels are determined fairly
well. The same is not true for the 1~ level parameters. With the energy E
of the second 1~ level kept fixed, the best fit (x% = 833 for a total of 127
data points) is obtained with unrealistically-large magnitudes for all the reduced
width amplitudes of this level (210,72s2 and */37). With these reduced width
amplitudes restricted, rather subjectively, to ‘reasonable’ values, the best fit gives
x2 = 849. Allowing EJ to vary does not lead to significantly better fits. The
parameter values for this best fit are given in Table 1, and the fits to the data
are shown by the solid curves in Figs 1-4.

Table 1. Values of level parameters for the best fit to TLi(p, o) 8Be data, with two-level
R-matrix approximation for both 1% and 17 levels

a=4-22 fm, By =S, (EY)

JT p A E% YRy £ Taie Taze
(MeV) (MeV'#) (MeV'#) (MeV'?)
1t 1 1 0-385 —0-00305 1 0-284 0-516
2 1-036 0-000864 1 —0-598 0-510
1~ 0 1 4-350 0-0164 0 —1-236
2 —0-743 —1-493
2 2-472 0-00118 0 2-0
2 -2-318 -1.217
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Fig. 1. The 7Li(p, ’yo)sBe S factor as a function of proton energy. The experimental points
are from Zahnow et al. (1995). The solid curve corresponds to the parameter values in
Table 1, giving the best simultaneous fit to the S factor, angular distribution and analysing
power coefficients, and forward—backward anisotropy, when the E1 contribution is given by
the R-matrix two-level approximation. The dashed curve, corresponding to Table 2, is a
similar fit in which the E1 contribution is taken as s-wave direct capture. The dotted line
between 40 and 170 keV indicates the experimental values of Cecil et al. (1992).

Although it may not be obvious at first glance, by far the largest x? per data
point comes from the b; fit (Fig. 3a); this is apparently due to the smallness
of the errors compared with the change of b; between adjacent points. The
next-largest values of x? per data point come from S (Fig. 1) and ay (Fig. 2b).
The negative excursion of the calculated as values between 600 and 800 keV is
due to the approximate vanishing of Us; in this energy range (see equation 7),
and this is caused by the destructive interference between the contributions to
Ui1 from the two 17 levels. This destructive interference was discussed previously
(Barker 1979, 1995); it is due to the opposite signs of 111 and 211, and of Y1y
and '7%7 (see Table 1). These signs are consistent with shell model calculations.
From Fig. 1, it is seen that the calculated S factor at low energy strongly
disagrees with the measurements of Zahnow et al. (1995). This difficulty is due
to the increase with energy of the calculated E1 contribution to S from the 1~
levels, so that a good fit cannot be found to the data for both E;, <200 keV and
Ep 2 1200 keV. On the other hand, there is good agreement with the low-energy
values of Cecil et al. (1992), which were not included in the fit.

There is also good agreement with the low-energy values of a;,as and by
obtained in earlier fits (Chasteler et al. 1994; Barker 1995) to the data of Chasteler
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Fig. 2. Values of the "Li(p, 70)®Be angular distribution coefficients (a) a1 and (b) a2 as
functions of proton energy. The experimental points are from Mainsbridge (1960) (crosses)
and Schlueter et al. (1964) (triangles). The curves are as in Fig. 1. The points at 70 keV are
from previous fits to the data of Chasteler et al. (1994); they are the best fit for all transition
matrix elements independently adjustable (Chasteler et al. 1994, as revised in Barker 1995)
(square), and for the M1 contribution attributed to the 17-64 and 18-15 MeV levels of ®Be,
as in Fig. 1 of Barker (1995) (diamond).
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Fig. 3. Values of the "Li(p, 70)®Be analysing power coefficients (a) b1 and (b) b2 as functions
of proton energy. The experimental points are from Ulbricht et al. (1977) (crosses). The
curves are as in Fig. 1, the 70 keV points as in Fig. 2.
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Fig. 4. Values of the "Li(p, 40)¥Be forward-backward anisotropy as a function of proton
energy. The experimental points are from Zahnow et al. (1995). The curves are as in Fig. 1.

et al. at E, ~ 70 keV, while by lies within the range obtained in the earlier
fits. The present parameter values give a fit to the Chasteler et al. data with
x2 = 24-38 (no adjustable parameters, v = 17 degrees of freedom). This is to
be compared with the best fits with four adjustable parameters (Barker 1995;
Godwin et al. 1996) giving x% = 18-76 (v =13). Thus x?/v is in fact smaller
for the present fit. Using Ry = 7221/7311, we have Ry = 3-29 for the 17-64 MeV
level and Ry = 0-70 for the 18-14 MeV level [for By = S1(ED)]; these may be
compared with the values Ry = 4-4 and Rz =1-5 assumed in the previous
comparable fit (Barker 1995), which led to x? = 29-8. For comparison with that
fit, we note that r; = 0-195,75 = 0-254,9, = 9, = 60-8°, giving R = 1-70 and
an M1 strength of 9-3%. Godwin et al. (1996) say that there is only ‘a 10%
statistical chance that the correct solution contains less than 10% M1’, but this
neglects the change in the number of degrees of freedom.

Similar fits to the data of Section 3 have also been made using formulae
in which the E1 contribution to the 7Li(p, 70)®Be cross section is attributed
to s-wave direct capture rather than to transitions through 1~ levels of 8Be.
There are then 10 adjustable parameters; the best-fit values of these are given
in Table 2, and the corresponding fits to the data are shown by the dashed
curves in Figs 1-4. This fit has x? = 705, appreciably less than the value 849
obtained in the preceding fit. The reduction is due to improved fits to S, by
and by, although the fits to the other quantities are poorer. The improved fit
to S is possible because the direct-capture E1 contribution to S decreases with
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Table 2 Values of level parameters and direct-capture parameters for the best fit to
"Li(p, v0)®Be data, with the E1 contribution attributed to direct capture

a=4-22 fm, By = S1 (E})

JT A E} 7,1\71 TaL Yaz1 (c28)% 13
(MeV) (MeV?) (MeV?) (MeV?) (deg)
1+ 1 0-385 —0-00301 0-271 0-498 2.77 196-3
2 1-036 0-000907 —0-659 0-428

Table 3. Comparison of measured and predicted angular distribution coefficients for
T 8
Li(p, 7o) Be

Ep (keV) Measured” Predicted
R-matrix fit Direct-capture fit
ai az al a2 ai a2
73 —0-165+0-040 —0-222 0-010 —0-230 0-006
396 —0-236+0-037 0-02240-057 —0-274 0-051 —0-334 0-046
442 0-079+0-019 —0-002+0-024 0-034 0-039 0-033 0-037

A Hahn et al. (1996).

increasing energy (see Fig. 4a of Zahnow et al. 1995). The low-energy S factor
measurements of Cecil et al. (1992) are not supported. This best fit gives values
of a1,ap and by at E, = 70 keV in agreement with those obtained in the earlier
fits to the Chasteler et al. (1994) data, but there is significant disagreement for
b1, leading to x% = 51-55. As in the fit. of Zahnow et al. (1995), the value
C%S =17-7 is very large.

Values of a; and ap measured by Hahn et al. (1996) were not included in our
fits. These values are compared with those predicted in the best fits in Table 3.
There is reasonable agreement.

For both the R-matrix and direct-capture descriptions of the E1 contributions,
attempts have been made to fit the data using different relative signs of the
reduced width amplitudes for the 17 levels, the main aim being to avoid the
destructive interference between the contributions to Uy from the two 11 levels,
in the region between the levels, and so improve the fit to ap in this region.
With starting values obtained as before, except that the sign of vy2;; is taken as
positive, the fitting procedure changes this sign and leads back to the previous
best fits. If ~91; is restrained to remain positive, the ay data can be better
fitted in the region between the 1% levels, but at the expense of a poorer fit
in the region of the upper level and above, while the fits to a; and b; in this
higher-energy region are much worse.

5. Discussion

Previous analyses of the low-energy "Li(p, 70)®Be data by Chasteler et al.
(1994) and Rolfs and Kavanagh (1994) and of the higher-energy data by Ulbricht
et al. (1977) have been discussed above (Sections 2 and 3) and in Barker (1979,
1995). Weller and Chasteler (1995) also pointed out deficiencies in the Rolfs and
Kavanagh analysis, and concluded that the low-energy data required at least an
order-of-magnitude more p-wave strength than can be expected from the tails of
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the E, = 441 and 1030 keV resonances. This conclusion was contradicted by the
results of Barker (1995), who found acceptable fits to the data with the p-wave
strength attributed to these two levels.

Zahnow et al. (1995) fitted their own data (values of the S factor and the
forward-backward anisotropy), but used a formula for S that did not treat
contributions from different channel spins in an adequate way, while their formula
for the angular distribution was admittedly a simplified approximation. They did
not include any analysing power data in their fits. As mentioned above, their
assumption that the E1 component is due entirely to s-wave direct capture leads
to very large spectroscopic factors. The criticism by Weller and Chasteler (1995)
of the analysis by Zahnow et al. seems to be based on the incorrect belief that
Zahnow et al. included a direct-capture M1 component.

In our earlier work (Barker 1995), the fit to the low-energy data (Chasteler
et al. 1994) led to relative signs of the reduced width amplitudes of the ®Be
1+ levels at 17-64 and 18-15 MeV that were different from those obtained in
the fit (Barker 1979) to the higher-energy data (Ulbricht et al. 1977), and the
latter fit in particular suggested signs different from shell model values. Here we
have found satisfactory fits to all the higher-energy data, including the recent
measurements of Zahnow et al. (1995), using two approaches in which the E1
component of the “Li(p, 70)®Be cross section is attributed to either 1~ levels of
8Be or direct capture (Figs 1-4). The former is consistent with the low-energy
data of Chasteler et al. and of Cecil et al. (1992). The parameter values for the
two 1+ levels are similar in the two approaches (Tables 1 and 2). The relative
signs of the reduced width amplitudes for the 1% levels agree with shell model
predictions.

The present fit differs from our earlier fits (Barker 1979, 1995) in taking
the adjustable parameters as the level parameters themselves rather than the
transition matrix elements. The main reason, however, for the present result
being different from that obtained in fitting the higher-energy data (Barker 1979)
appears to lie in the range of the data fitted. The two 11 levels are at B ~ 441
and 1030 keV. In the earlier fit, which found constructive interference in the
s — 1 transition matrix element in the region between the levels, contrary to the
shell model prediction, the data extended only up to E, = 960 keV. Constructive
interference in the region between the levels implies destructive interference above
the upper level; this possibility is, however, ruled out by the additional data
fitted here, which extend up to Ej, = 1500 keV.

The present analysis confirms that the p-wave strength in the low-energy "Li(p,
70)®Be cross section need not be as large as Chasteler et al. (1994) thought,
and that it can be attributed to known 171 levels of 8Be, with parameter values
agreeing with shell model calculations. For the reaction "Be(p, 7)®B, similar
considerations would attribute any low-energy p-wave strength to the tail of the
1+ first excited state of 8B, and this is calculated to be negligible (see for example
Fig. 7 of Filippone et al. 1983).

Godwin et al. (1996) found very small low-energy p-wave strength in the
"Li(p, m16-6)®Be* reaction to the 2% state of 8Be at 16-6 MeV, and say that
this supports the conclusion of negligible p-wave strength in the "Be(p, 7)%B
reaction. The connection between these two reactions is, however, not very close.
In "Be(p, 7)®B, the E1 y-transition is necessarily from an initial T' =1 state to
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a final T =1 state. In “Li(p, y16-¢)°Be*, although the final 16-6 MeV state is a
mixture of T'=0 and T' =1 components, with the T'= 1 part being the isospin
analogue of the 8B ground state, the E1 transition to this T = 1 part can come
only from T = 0 initial states (since E1 transitions in self-conjugate nuclei are
forbidden between states of the same isospin). Likewise, transitions from initial
T =1 states can populate only the T = 0 part of the 16-6 MeV state.

6. Conclusion

The present R-matrix fits to the “Li(p, vo)®Be cross section data for E, <1500
keV find parameter values in agreement with shell model calculations, and are
satisfactory in most respects. They suggest the desirability of new measurements
of the S factor at low energies, where the two presently-available measurements
are inconsistent, and of the angular distribution coefficient as in the energy region
between the two 17 levels and above; the latter would be an extension to higher
energies of the work of Hahn et al. (1996) (see Table 3).
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