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Reaction 98e(y, n+)9Li(l.s.) at 8 -90'
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Differential cross sections at 8„=90' (lab) for 9Be(y, m+) 9Li(g.s.) at T = 17, 29, and 42

MeV were measured. Results are compared to other data and to Helm model calculations.

NUCLEAR REACTIONS Be(y, m+) Li(g.s.), E =175, 187, and 200 MeV;

measured a(8„=90'), DULIA Helm model calculations.

During the past few years, we have made measure-
ments of charged pion photoproduction near thresh-
old from several Ip-shell nuclei' ' such as ' B, ' C,
and "C. The agreement in such cases between ex-
periment and theoretical calculations based on the
distorted wave impulse approximation (DWIA) is
somewhat mixed, though, in general, absolute cross
section values agree to better than a factor of 2.
Moreover, measured (y, a ) angular distribution
shapes, which are multipole dependent, are in most
cases well reproduced by theory. 4 We report here dif-
ferential cross section measurements at 8 = 90' (lab)
for positive charged pion photoproduction on Be
leading to the ground state of Li. We compare the
data with Helm model calculations utilizing inelastic
electron scattering data to the analog state in Be.

In the experiment, an electron beam from the
Bates Linac passed through a bremsstrahlung radiator
which was located about 5 cm upstream from the tar-

get. The mixed photon-electron beam then irradiated
the Be target. Solid wafer-shaped Be targets with

intrinsic thickness about 140 and 240 mg/cm' were
used. Pions emitted at 90' were momentum
analyzed and detected using a quadrupole-dipole
magnetic spectrometer with multiwire proportional
counter in the focal plane, followed by an array of
three scintillation counters and one Cerenkov counter
to select pions from background electrons. The ex-
perimental details are described elsewhere. ' The
overall energy resolution of the system is about 600
keV. This is ample to clearly resolve the ground
state transition from the transition to the first excited
state of Li at 2.69 MeV.

Pion spectra were obtained at pion energies of
about 17, 29, and 42 MeV, corresponding to electron
energies of about 175, 187, and 200 MeV, respective-
ly. To check the relative channel-by-channel efficien-
cy of the wire chamber, data were also taken for each

pion energy with a higher electron beam energy (230,
280, and 245 MeV, respectively), where the pion

spectrum was relatively smooth and flat. The wire
chamber spectrum for the ground state transition was
then divided by this flat spectrum to remove the ef-
fects of channel-by-channel efficiency variations.
The (y, n+) cross section was extracted by fitting
each normalized spectrum with an effective photon
spectrum. The effective photon spectrum included
the bremsstrahlung photon spectrum from the radia-
tor and target using a code of Matthews and Owens,
and a Dalitz and Yennie virtual photon spectrum
multiplied by an experimentally determined correc-
tion factor of 1.25.

In obtaining the cross sections, pion decay was tak-
en into account, but the small muon contamination
of the pion spectra was neglected. Absolute cross
sections were obtained by calibrating the apparatus
with the known 'H(y, m+) n cross section. '0 The dif-
ferential cross sections for 98e(y, n+) 'Li(g.s.) at
8„=90' for T =17, 29, and 42 MeV are plotted in

Fig. 1. The error bars shown are statistical only.
Systematic uncertainties are estimated to be about
15%. The 90 point measured by Yamazaki et al. "at
T„=40 MeV is also shown in Fig. 1. The agreement
between their results and the present data is good.

We have made distorted wave impulse approxima-
tion (DWIA) calculations for this reaction, using the
Helm model computer code of Nagl and Uberall
(NU). This code uses the nuclear form factor from
Helm model fits' to the analog inelastic electron
scattering data. In making these fits for magnetic
transitions, it is assumed that the convection current
contribution is small and can be neglected. In the
(y, n ) calculation, the full elementary photoproduc-
tion amplitude of Berends et al. "is employed. A
second order optical potential' is used to describe
pion distortion effects. The sensitivity of the calcu-
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FIG. 1. Differential cross sections for Be(y, m+) Li(g.s.)
at 8~ =90' (lab). Data point denoted by (b, ) is from

Ref. 11. Solid curves are Helm model calculations using a

code of Nagl and Uberall assuming: (a) pure M1; (b)
M1+E2 admixture; (c) M1+M3 admixture.

lated (y, u ) cross section values to reasonable varia-
tions of the pion optical parameters should be at
about the 20% level, according to several recent con-
tributions.

While the transition to the 14.39 MeV J = —,

state in 9Be (analog state to the 9Li ground state) in
the inelastic electron scattering could be an admixture
of M1, E2, and M3 multipoles, Bergstrom et al. "
found that a pure M1 transition gives a satisfactory
description of their low q data (q ~ 1.10 fm ) in the
Helm model fit. Recently, new electron scattering
data from Bates, covering a higher q range, have
been obtained. " However, it is still impossible to
unravel the contributing multipolarities unambigu-
ously. We have tried the following options to fit the
(e,e') data with the Helm model: (1) pure Ml tran-
sition; (2) admixture of Ml and E2; (3) admixture
of M1 and M3. These fits are shown in Fig. 2. All
three options give about equally good fits. Other op-
tions such as pure E2 or M3 do not give good fits.
We felt that it was not useful to try fitting an
M1+E2+M3 admixture because of the many
parameters involved.

The three sets of parameters corresponding to
these Helm fits were then applied to the (y, rr) reac-
tion using the NU code. The results are shown in

Fig. 1.
While both pure M1 and M1+E2 give satisfactory

fits to the present data, the M1+M3 calculation is
too high by about a factor of 2. A pure M1 transi-
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FIG. 2. Helm model fits of the transverse form factor for Be (14.39 MeV) assuming: (a) pure M1; (b) M1+E2 admixture;
(c) M1+M3 admixture. In (b), the dotted curve is the M1 component, the dashed curve is the E2 component, and the solid
curve is the sum. In (c), the dotted curve is the M1 component, the dashed curve is the M3 component, and the solid curve is

the sum. Data are from Refs. 17 and 18. The experimental results have been multiplied by Z2j4a to be consistent with the de-
finition of the theoretical form factor as in Ref. 12.
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"C(15.11 MeV), "C(g.s.), sLi (3.56 MeV), and ' B
(7.48 MeV), which all require R —2.2 fm. An ex-
ception is '"N (2.31 MeV), which is an anomalously
weak transition; (2) the resulting (y, rr+) angular dis-
tribution based on the pure M1 Helm fit is somewhat
forward peaked at pion E„-40 MeV. The angular
distribution data of Yamazaki et al. , "shown in Fig.
3, which clearly resolves the ground state transition,
is not forward peaked, but seems to favor the
M1+E2 combination. Thus a pure M1 transition
seems to be ruled out, and an E2 component appears
to be present. We cannot rule out some additional
M3 admixture on the basis of these fits, since we did
not try full M1+E2+M3 admixtures.

The present data illustrate the sensitivity of the
(y, n ) reaction to the multipole admixture of the
transition. However, more data, especially precise
angular distribution data, and more fundamental
theoretical calculations, are needed.

FIG. 3. Angular distribution data of Yamazaki et al. (Ref.
11) for the reaction Be(y, m+) Li(g.s.) at E~ —40 MeV.
The curves denoted M1 and M1+E2 are the result of the
present Helm model fits.

tion is rather unlikely for two reasons: (1) The pure
M1 Helm fit to the electron scattering data [Fig.
2(a)] requires a transition radius of R —1.5 fm,
which is much smaller than that found in typical M1
transitions for lp-shell nuclei. Examples are

We thank A. Nagl and H. Uberall for allowing us
to use their Helm model computer code. We also
thank R. Lourie for providing us with the Be elec-
tron scattering data. Finally, we acknowl'edge the
helpfulness of the Bates Laboratory staff during the
experiment. This work was supported by the Nation-
al Science Foundation under Grants No. PHY77-
09408 and No. PHY80-06954, and by the Depart-
merit of Energy under Contract No. EY-76-C-02-
3069.

'Present address: Department of Physics, Louisiana State
University, Baton Rouge, La. 70803.

~Present address: Lawrence Livermore National Laborato-
ry, Livermore, Calif. 94550.

~Present address: Department of Physics, Carnegie-Mellon
University, Pittsburgh, Pa. 15213.

SPresent address: Bell Telephone Laboratories, Murray Hill,
N.J.

Present address: General Research Corporation, Westgate
Research Park, McLean, Va. 22102.

"On leave from Institute fQr Kernphysik, Universit'it Mainz,
Federal Republic of Germany.

D. Rowley et al. , Phys. Rev. C 25, 2652 (1982).
N. Paras et al. , Phys. Rev. Lett. 44, 1384 (1980).
J. LeRose et al. , Phys. Rev. C 25, 1702 (1982); in Ninth In-

ternational Conference on High Energy Physics and Nuclear

Structure, Abstracts, Versailles, France, 1981, edited by P.
Catillon, and P. Radranyi (unpublished).

4See, for example, M. Singham and F. Tabakin, Ann. Phys.
(N.Y.) 135, 71 (1981).

5N. Paras et al. , Nucl. Instrum. Methods 167, 215 (1979).
6D. Rowley, Ph.D. thesis (Rensselaer Polytechnic Institute,

1981) (unpublished).

~J. L. Matthews and R. O. Owens, Nucl. Instrum. Methods
111, 157 (1973).

R. H. Dalitz and D. R. Yennie, Phys. Rev. 105, 1598
(1957).

P. Stoler et al. , Phys. Rev. C 22, 911 (1980).
H. Genzel et al. , Zahleneerte und Functionen aus ¹

tur~issenschaften und Technik. Numerical Data and I'unc-

tional Relationships in Science and Technology, Landolt-
Bornstein (Springer-Verlag, Berlin, 1973), Vol. 8.

"M. Yamazaki et al. , in Ninth International Corltference on

High Energy Physics and Nuclear Structure, Abstracts,

Versailles, France, 1981, edited by P. Catillon and P.
Radvanyi (unpublished), Vol. 115.

' H. Uberall, B. A. Lamers, J. B. Langworthy, and F. J. Kel-

ly, Phys. Rev. C 6, 1911 (1972).
F. A. Berends, A. Donnachie, and D. L. Weaver, Nucl.
Phys. B 4, 1 (1967).

"A. Nagl and H. Uberall, Phys. Lett. 96B, 254 (1980).
' B. D. Keister, Phys. Rev. C 18, 1934 (1978); and (private

communication).
W. C. Haxton, Phys. Lett. 92B, 37 (1980).

'~J. C. Bergstrom et al. , Phys. Rev. C 7, 2228 (1973}.
' R. Lourie (private communication), MIT-Bates data.


