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Differential cross sections are reported for 7+ + % *He elastic scattering at 260, 295,
and 310 MeV and 7~ + % ‘He at 295 MeV. The angular distributions (except for 7~ + *He)
confirm the fixed angle (6 ~75°) minimum seen at lower energies [caused by the (3,3) 7

18 AucusTt 1980

+N resonance dominancel and show a deep minimum at 6 ~110°,

Comparisons are made

to m+d and the current discussion of pion excitation of intermediate dibaryon and AN

states.

PACS numbers: 25.80.+f, 25.10.+s

Pion scattering from the few-body nuclei ?H and
3:4He has provided the most stringent standard
against which to judge our understanding of pion-
nucleus processes. Characteristic features of
measured angular distributions have been inter-
preted in terms of 7+ N scattering and reaction
amplitudes in different kinds of microscopic cal-
culations. Systematic differences between 7* and
7~ scattering from *He at resonance energies
have been ascribed to the importance of 7+ N
spin-flip amplitudes on the unpaired neutron.!™
Such amplitudes are suppressed for 7+ *He scat-
tering which makes it the best example of single
partial-wave dominance, i.e., through the (3, 3)
resonance; a characteristic feature of 7+ “He is
the fixed angle (6 ~75°) minimum which is a re-
flection of the angular dependence of the elemen-
tary m+ N scattering.™* Such features of the ele-
mentary 7+ N interaction together with the nucle-
ar form-factor dependence dominate the forward-
angle scattering of both 7+ d and 7+ He. Large-
angle scattering at energies above the resonance
has just recently begun to be explored. This is
the region of large momentum transfer, and hence
a generally smaller cross section, so that meas-
urements are harder and calculations more com-
plex. The cases where theory has been confront-
ed with data indicate that there are some signifi-
cant pion-scattering effects that are not under-

stood. A broad minimum observed® in 7+ d scat-
tering around 6= 100° has defied explanation in
terms of otherwise successful theories® and
stimulated the discussion of new effects in pion
scattering.™® Similarly, the cross section of
large-angle single-charge-exchange (SCE) scat-
tering on 3He indicates little variation with energy
between 200 and 300 MeV, contrary to theoretical
predictions.® Here we report new and unpredicted
features of 7 and 7~ elastic scattering on *:“‘He
from measurements at 260, 295, and 310.MeV.
The experiment was done using the EPICS chan-
nel and spectrometer system of the Clinton P.
Anderson Meson Physics Facility. Standard pro-
cedures were followed except for the use of a
cryostat® for liquid-helium targets. It contained
two cells (15.2x12.7x2.5 cm®) for ®He and *He
which were kept at a temperature of 1.5° K. The
target thickness over the beam spot size was
measured with help of x-ray photograph's from
which the effective target densities were deter-
mined to better than £ 5%. The 7+ %**He elastic
scattering cross sections were measured rela-
tive to known 7+ p cross sections'! giving an
overall uncertainty of =+ 109% in the absolute
scale of the cross sections determined. The er-
ror given for each point includes the uncertainty
due to counting statistics, background subtraction
(contributions come from scattering in the 25-mg/
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FIG. 1. Differential cross sections for 7* and 7~
(solid and open symbols) elastic scattering from *He
and ‘He at T, = 295 MeV.

cm? thick cell windows of aluminum), and the
spectrometer acceptance correction.

Our results on elastic 7+ 3'*He scattering con-
sist of angular distributions at 295 MeV (Fig. 1)
and partial ones at 260 and 310 MeV. The for-
ward-angle scattering shows a rapid and con-
tinous falloff with increasing angle and hence
momentum transfer which is indicative of a strong
nuclear form-factor dependence in this angular
range. The 77+ 3He cross section is weaker than
that of 7+ 3He which is in line with an expected
T =3 dominance in the 7+ N scattering. A striking
similarity is found for 7* + 3He and 7* + “He scat-
tering which again can be understood from the T
=32 dominance of the 7+ N amplitudes and the
documented similarity® of the *He and *He charge
form factors. Apart from a 10% to 20% differ-
ence in the region 6= 65°-80°, the 7" and 7~ data
for “He overlap over the entire angular range
observed (§~22°~125°). The angular region 6
>70° however, shows features that signal effects
beyond isospin-dependent 7 + N amplitudes and
nuclear structure.

The inflection point in our angular distributions
at 6=75° is reminiscent of the strong minimum
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seen at lower energies®* but is rapidly being
filled in between 260 and 295 MeV. It remains

at fixed angle from as low energies as 7= 100
MeV indicating that the signature of the (3, 3)
resonance is still present at 300 MeV despite
likely contributions from higher partial waves.
Our data, however, indicate no minimum at 75°
but one appears at 90° instead. Previous 7* + 3He
data at 7, <160 MeV show that a principal differ-
ence between 7* scattering lies in the depth of the
75° minimum. It is partly filled in for 7~ which
is taken as evidence of principal spin-flip am-
plitudes in the T =3 channel®>?® and hence domi-
nant for 7~ scattering on the unpaired neutron

in ®He. Such differences might be important also
at higher energies but amplitude interference
effects may change the simple picture of low-
energy scattering dominated by incoherent con-
tributions from isospin dependent spin-flip and
non-spin-flip terms.

The most conspicuous feature of our results is
the very deep minimum at 6= 110° in 7 + *He
scattering. It is observed at fixed angle for the
energies studied (7, = 260, 295, and 310 MeV)
with a rapid increase in depth between 260 and
295 MeV. Although not so prominent, there is
also a minimum in the 77+ 3He angular distribu-
tion at a nearby angle (6=115°). The 7~ + 3He
cross section does not show this feature which
is also true for SCE scattering® *He(n ", n°)°H;
SCE is closely related to elastic scattering being
the difference between 7* and 7~ elastic-scat-
tering first-order amplitudes. It is likely that
the minima in the 7"+ 3He and 7+ *He are related
but spin-flip amplitudes from scattering on the
unpaired neutron fill in the minimum for 77 + 3He,
For 7~ + ®*He, the later effects would be even
stronger, overwhelming the amplitudes primarily
responsible for the minimum.

To display the significance of the observed sec-
ond minimum in the 7+ He angular distributions
we reason as follows. We observe (Fig. 2) that
it occurs in a region of large momentum transfer
(g) where the charge form factors of *He and “He
have the first minimum?® (g = 630-670 MeV/c).

If this were to show up in pion scattering it would
be because of predominant single 7 +N scatter-
ing. Therefore, this region of the 7+ He cross
section provides for a test of the leading terms
of multiple 7+ N scattering contribitions to pion-
nucleus scattering. The fact that the 7 + He min-
imum is observed at a nonfixed momentum trans-
fer is indication against nuclear structure or dif-
fractive origins of this phenomenon and that mul-
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FIG. 2. Differential cross sections vs g, m, =2p
sin(9/2) for * elastic scattering from ‘He and °He at
T, = 260, 295, and 310 MeV. The ‘He data are com-
_pared with the square of the ‘He charge form factor
(Ref. 10) normalized at 6 = 22°,

tiple scattering or other second-order effects
dominate the cross section. This leads us to be-
lieve that what we observe is an interference
minimum due to cancellation of such scattering
amplitudes.

The 7 + d scattering® shows a similar behavior
in the same angular and energy range. The cross
section around 6=100° decreases rapidly between
230 and 320 MeV while it remains fairly steady
at more backward angles; the angular distribu-
tion at 320 MeV shows a pronounced minimum at
6= 100°. It is possible that these features of 7 + d
and 7 + He scattering originate from the same
effects.

7 + d scattering has been the objective for many
theoretical calculations. Different approaches
give similar results which means that they re-
produce the data except for 6 290° and T < 250
MeV; the minimum around 100° in 7 +d has de-
fied all attempts of interpretation in terms of
amplitudes generally believed to ‘be important
in pion-nucleus scattering. In this situation, the
interest has been directed towards certain inter-

mediate N*N and (NN)* states which can couple
to the 7+d scattering channel.”* ® The largest
effects seen so far come from the inclusion of
dibaryon resonances® [for instance *F, (NN)* at
2.16 GeV] which give rise to a desirable inter-
ference minimum around 6=100°. These con-
tributions are still hypothetical and 7 + He in
terms of a quasideuteron scattering model could
provide a further test. The zero-spin ground
state of “He would freeze the spin direction of
the quasideuteron during the scattering process
and hence block contributions of certain spin-flip
amplitudes. This might enhance the possibility
to observe N*N and dibaryon resonance effects
although the nuclear form factor suppresses
quasideuteron amplitudes in 7+ He. Guided by
the observed similarity in angular distributions
of 7+ d and 7+ *“He scattering, calculations
should be pursued to assess the importance of
intermediate dibaryon resonances and N*N inter-
actions relative to other 7+ 2N interactions.

In summary, we have reported angular distri-
butions for 7 +3“He scattering., We find a pro-
nounced similarity between 7*+ *He and 7* + “He.
The (3, 3) resonance of 7 +N is still present at
295 MeV and imprints its signature in the angular
distributions as an inflection point at 6 = 75°,
The 7~ +%He scattering differs from the other
cases probably reflecting the influence of 77+ n
spin-flip amplitudes. The most remarkable re-
sult of our experiment is the deep minimum seen
in the angular distributions for 7* +%He at 6 ~110°
and also for 7 ©+°He. We point out the apparent
similarity to previous 7 +d data with the possi-
bility of common 7 -NN interactions in both 7 +d
and m+%**He. The present data should be useful
in the current discussion of NN dibaryon reso-
nances or N*N interactions in pion scattering.
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Determination of the Asymptotic Ratio of the Deuteron D- and S-State Amplitudes
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The value 0.026 49+ 0.000 43 is deduced for the deuteron asymptotic D~ to S-state ratio
from measurements of the 2Pb(d, $) ?°Pb tensor analyzing powers at sub-Coulomb bom-~
barding energies E; =7, 8, and 9 MeV. The quoted uncertainty includes statistical er-
rors, beam-polarization measurement errors, and systematic errors which result from
a choice of optical-model parameters used to describe the reaction. The result is com~
pared to several theoretical deuteron wave functions.

PACS numbers; 21.40.+d, 13.75.Cs, 24.70.+s, 25.50.Gx

In spite of years of experimental effort, many
properties of the deuteron are still poorly deter-
mined. A continued study of the deuteron is re-
quired if stringent tests of n-p interaction theories
are to be possible. Although the measurability of
the deuteron D -state probability has recently been
called into question,® the asymptotic ratio of the
D- and S-state amplitudes (n) is accepted as a
well-defined measurable quantity. Two methods
have been proposed in the literature to measure
n.

It has been suggested® that the tensor analyzing
powers in p-d elastic scattering are sensitive to
n. The sensitivity is a result of a pole in the
scattering amplitude at an unphysical angle 6, ,
where cosf, < — 1. The extraction of n requires
an extrapolation of tensor analyzing power and
cross-section angular distributions to 6,. Such
extrapolations have been performed.®** Of course,
in any experiment designed to measure a funda-
mental quantity to high accuracy, an accurate er-
ror analysis is most important. The difficulties
in performing a rigorous error analysis of the
extrapolation method have been discussed by
Colby and Haeberli.®

The other method to measure n was proposed
in a recent Letter by Knutson and Haeberli.® This
method is based on the observation that distorted-
wave Born-approximation (DWBA) calculations
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predict that the tensor analyzing powers of (d,p)
stripping reactions have a strong (essentially
linear) dependence on . Moreover, at bombard-
ing energies below the Coulomb barrier, the
fundamental assumptions in DWBA are particularly
well satisfied and the dependence on parameters .
in the theory other than 7 is drastically decreased.
Specifically, the dependence on the nuclear opti-
cal-model parameters which describe the in-
coming deuteron and outgoing proton scattering
waves decreases because the scattered particles
do not penetrate into the nuclear interior. As a
result, the scattering waves are perturbed
Coulomb wave functions. By adjusting the value
of n to fit measured tensor analyzing power
angular distributions of ***Pb(d,p) **°Pb at E, =9
MeV, Knutson and Haeberli determined that” n
=0.0234+ 0.0017. This value of n is smaller than
that of many published deuteron wave functions.
For example, the wave functions of Refs. 8-10
predict n=0.0262, 0.0260, and 0.0260, respec-
tively. Unfortunately, because of the large error
bar, the measurement is unable to conclusively
rule out these wave functions and a measurement
with a smaller error is desired.

The sources of error in Ref. 6 were primarily
from uncertainties in the beam polarization mea-
surement and uncertainties in the nuclear optical-
model parameters. The former error can be re-
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