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cles produced in a direct reaction and those which
result from a hot spot produced in a sequential
process. The out-of-plane spectra as well as a
generalization of our model with respect to the
initial conditions will be presented in a forthcom-
ing paper.®

We acknowledge discussions with R. Albrecht,
H. Ho, and J. P. Wurm, and the help of T. Led-
ergerber in the early stages of programming.
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We have measured the cross section for neutron-deuteron elastic scattering over the
incident energy range 200—800 MeV, Preliminary results for the extreme back angles
(6,* = 175°) show a striking shoulder in the excitation function for neutron energies 300—
600 MeV. Comparison is made with calculations using the Craigie-Wilkin triangle-dia-

gram technique.

Near the end of the last decade, pd elastic scat-
tering experiments demonstrated that the angular
distributions were characterized by a strong
backward peak in the neighborhood of 1 GeV.!
Kerman and Kisslinger,? in an attempt to under-
stand this behavior, found that simple one-nucle-
on exchange failed to fit the backward peak, the
calculation being low by a factor of 2. They pos-
tulated the existence of isobars in the deuteron,
finding that a 1% admixture of the N*(1688) suf-
ficiently augmented the calculated cross section
to bring it into agreement with the 1-GeV data
of Bennett et al.' Since then, several experi-
ments and calculations have been performed re-
lating to backward pd elastic scattering at medi-
um energy and isobars in nuclei.®* Alternative
explanations of the observed peaking were pro-
posed. One was the calculation of Craigie and

Wilkin? in which triangle diagrams were used to
relate the cross sections for pd elastic and pp
—~dn*. Many authors have pursued this technique
with success in fitting backward pd scattering.
Another recent calculation® takes account of the
fact that np angular distributions also are back-
ward peaked and incorporates this into an extend-
ed Glauber multiple-scattering calculation plus
one-nucleon exchange. With this approach, back-
ward pd scattering is fitted over a wide range of
energies above 660 MeV when a radically differ-
ent form factor for the deuteron is postulated for
the large momentum transfers encountered. Re-
cent measurements® at the Stanford Linear Ac-
celerator Center tend to verify the postulated
shape of the deuteron form factor.

There are several plots in the literature of the
extrapolated 180° cross section as a function of
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energy.” An interesting feature of these plots is
the indication of a bump or shoulder in the extra-
polated 180° excitation function centered at about
500 MeV. It has been noted that this behavior can-
not be reproduced in calculations involving iso-
bars in the deuteron, but does follow from the
triangle-diagram calculations.?* This shoulder is
a manifestation of the (3, 3) resonance which af-
fects the pion-nucleon vertex in the triangle dia-
gram as given by Craigie and Wilkin.*

Angular distributions for backward pd scatter-
ing have been obtained in several experiments®7"1°
for center-of-mass (c.m.) angles less than 160°-
170°. Extrapolation of these data was necessary
in order to obtain the cross section at 180°, and
as a result much ambiguity has existed. In ad-
dition, gross disagreement (a factor of 2) between
the data sets®®!° at 1000 MeV exists.

Recently, we measured the nd elastic-scatter-
ing angular distribution at 800 MeV.!* The ex-
perimental difficulty associated with measure-
ments at 180° c.m. for proton beams does not
arise for neutron beams, and we have taken the
angular distribution to 179° c.m. We found that
the extrapolation to 180° is straightforward—a
simple exponential function A exp|B (-u, )] fits
the data at 800 MeV. In order to investigate the
strucutre in the 180° excitation function in more
detail than has been possible previously, we
have performed an experiment to measure the
energy dependence of backward nd elastic scat-
tering. Data were taken for 130° <6,*<180° and
170 <T, <800 MeV. In this Letter we report pre-
liminary results only for the extreme backward
scattering angles (175°-180°).

The experiment consists of using a continuum
neutron beam incident on a liquid-deuterium tar-
get and detecting the scattered deuterons in a
multiwire proportional-chamber Spectrometer.?
The 800-MeV proton beam at LAMPF (Clinton
P. Anderson Meson Physics Facility) strikes an
aluminum target and is then deflected and buried
some distance away. Neutrons emerging at 0°
are collimated to form a neutron beam, which is
then cleared of charged particles before encount-
ering the liquid-deuterium target. Charged parti-
cles produced in the target are momentum ana-
lyzed in a multiwire-proportional-chamber spec-
trometer. Particle identification is achieved by
a simultaneous measurement of their time of
flight through the spectrometer. This allows a
calculation of the particle mass from the rela-
tion M=P/By. Particle identification is unambigu-
ous for more than 99% of the events. The elastic
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FIG, 1. Plot of the 0° deuteron momentum vs the
incident-neutron time of flight for the three reactions
which lead to deuterons in the final state: (1) nd elastic
scattering, (2) quasifree deuteron production #n“N”’
—dm, and (3) ‘“coherent” pion production, nd— dNm.
This illustrates that deuterons from the elastic pro-
cess can be distinguished from those due to other
reactions.

deuterons are not the only ones that are observed
—they form a rather small fraction of the total.
However, the elastic deuterons can be clearly
separated from the others by measuring in addi-
tion the time of flight of the incident neutron.
This is shown in Fig. 1 where the deuteron mo-
mentum is plotted versus the incident-neutron
time of flight for both the elastic and those inelas-
tic processes which lead to a deuteron in the

final state. Therefore, in a manner analogous

to identification of particle type by measurement
of transit time through the spectrometer, we can
determine the type of process which gave rise to
the deuteron by measurement of the incident-neu-
tron time of flight. Once we have identified the
elastic deuterons, the measured deuteron momen-
tum and angle uniquely specify the incident neu-
tron energy to within the accuracy of the deutron
momentum determination (about 1%).

The other requirement that must be met be-
fore the cross section can be determined is that
the incident-neutron spectrum must be known ab-
solutely. This was measured in a separate meas-
urement, using the same apparatus and tech-
niques, except that a liquid-hydrogen target in-
stead of liquid deterium was used. The normaliz-
ing reaction is np—dn°, the cross section for
which is known, using isospin invariance, from
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FIG. 2. Results of the present experiment on nd
elastic scattering at 175< g,* < 180° compared to the
extrapolation of previous pd measurements plotted vs
the nucleon kinetic energy. References to the pd mea-
surements mentioned in the figure are, from the top,
14, 15, 18, 7, 16, 8, 11, 1, 9, 10, and 17. The dashed
line is calculated using the triangle-diagram technique
with the value of the parameter ¢ determined at 800
MeV (Ref, 11), The solid line is taken from the calcu-
lation of Kolybasov and Smorodinskaya (Ref. 4) which
uses the triangle diagram as well as one-nucleon ex-
change, The errors shown on all data points are due to
statistics only and do not include any contribution from
systematic or normalization errors.

the reaction pp —~drn*.'* Since the normalizing
reaction np - dn° is not available below about

300 MeV (800 MeV/c), another form of normali-
zation is required. The method used for the data
below was to extrapolate the np charge-exchange
cross section from 300 MeV down to 180 MeV.

In Fig. 2 we show the results of the present
experiment compared to previous pd measure-
ments in the energy range from 150 to 1000 MeV.
References to the previous experiments are given
in the figure caption. Present results are indi-
cated by the solid circles and were obtained for
neutron c.m. scattering angles greater than 175°.
It is apparent that the agreement with the lower-
energy'**'%'® measurements is quite good, but
that the medium-energy data’ differ considerably
from the present results. Agreement is found

with the 425-MeV point of Booth et al.'®
We have performed a calculation based on the
Craigie-Wilkin model, using the formula given
by Barry® to relate the cross section for Nd scat-
tering to the pp—dn* cross section:
do.nd —>dn

a9,
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The symbols used in this equation are defined by
Barry.? The cross section for pp —~dn* was taken
from Richard-Serre ef al.'® A value of £ =3.97
+0.03 was obtained'! at 800 MeV. In Fig. 2 we
show the nd excitation function at 180° as calculat-
ed using the above formula. The calculation using
the above value of ¢ is about a factor of 2 too
high at 500 MeV, and clearly fails to fit the lower-
energy data. In addition, we show the results of
a pd elastic backward scattering angle calculation
by Kolybasov and Smorodinskaya,* which also
utilizes the triangle diagram, but which in addition
incorporates one-nucleon exchange as a back-
ground term. It is apparent that the trend of the
data is fitted by the latter calculation, and it
would thus appear that the use of such a model
will be required to explain the energy dependence
of the backward peaking in nd elastic scattering.
We have benefitted greatly at all stages of set-
up and performance of this experiment from the
support of the staff of LAMPF. We give special
thanks to Paul Allison and Ralph Stevens for the
design and development of the LAMPF chopped-
beam system. We express our gratitude to J. E.
Simmons, L. C. Northcliffe, J. C. Hiebert, and
others who participated in the development of
the spectrometer system of the LAMPF Nucleon
Physics Laboratory. This work was supported
by the U. S. Energy Research and Development
Adminstration.
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Absolute cross sections have been measured for excitation of the 2s 281/2—2p 2P1/2,3/z
resonance doublet in Li-like C3* by electron impact for energies ranging from below
threshold (8.0 eV) to 530 eV. The measurements agree with recent unpublished Coulomb-
Born and close-coupling calculations over the entire range of electron energies.

Electron-impact excitation processes for mul-
tiply charged ions are of considerable interest
for the diagnostics and modeling of solar, astro-
physical,! and high-temperature laboratory plas-
mas, In fusion reactors,?™* for example, the
presence of multiply charged impurity ions can
severely limit plasma heating, lead to instabili-
ties, and cause significant energy losses in the
form of line radiation, In all cases absolute
cross sections or rate coefficients are needed
to infer concentrations and radiation balance,
Experimental measurements of cross sections
for electron-impact excitation of ions have dealt
primarily with singly charged ions. Experimen-
tal and theoretical results have been reviewed in
recent articles by Dolder and Peart® and by
Seaton,! Bradbury et al.® reported preliminary
measurement for excitation of N*(2s-2p) and
found results averaging about 2.5 times higher
than theory. Phaneuf, Taylor, and Dunn’ mea-
sured cross sections for excitation of the 479,7-
nm line of Hg?, However, results reported here
are considered to be the first definitive results
for a multiply charged ion,

Ions with lithiumlike structure are frequently
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observed in the plasmas mentioned. The 2s-2p
transitions are strong and at relatively conven-
ient wavelengths, Consequently, much of the
excitation-rate—coefficient work has been for
such ions.®® Furthermore, since there are only
three electrons in all, and only one valence elec-
tron, theoretical study and calculations of the
cross sections are quite tractable, 1011

There remains the need for definitive experi-
mental data on the cross sections for these ions.
Measurements'? on the first member of the se-
quence, Be™, are uniformly displaced by about
18% from the most elaborate calculations'® (five-
state close coupling merged into CBX 11 at higher
energies), and the source of the difficulty has
not been identified, Known uncertainties in this
case total to only about +8%; so a discrepancy
actually exists,

The less sophisticated theoretical predictions
are expected to be more reliable for the higher-Z
members of the Li sequence, since effects due
to coupling to other excited levels should be of
lesser importance as Z increases, The energy of
the 2p level varies as Z +1, whereas the energies
of higher-n levels vary roughly as (Z +1)*8, For



