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ABSTRACT
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as well as total cross—sections at eleven energies between 67 and 285 MeV,

are presented,.
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Negative pion-"He scattering has been measured at the CERN SC with the double
achromatic spectrometer already used for pion-'2C scatteringl’z). A liquid helium
target of the supercooled type with a precise temperature regulation was installed
for these measurements. Its windows consisted of thin havar foils, except for the
very forward angle measurements, where mylar windows were used because of their
lower atomic number. Effective target thicknesses are extrapolated from window
bulge measurements made at room temperature under controlled pressure conditions,
The relative error of this procedure is *3%. It is the main contribution to the
total relative error on the absolute normalization of the data which is estimated

to be *47.

Momentum dispersion of the incident pion beam was Ap/p = #1.8%Z. Over-all
angular resolution was 1° using a set-up which included a DISC counter for identi-

fying the forward scattered pions. It was 2° for the large-angle measurements.

‘The experimental data are represented in Fig. 1. Differential cross~sections

are given as a function of the scattering angle in the centre-of-mass system.

Cross—sections for lSOé scattering were measured by observing “He nuclei re-
coiling in the forward direction. For this purpose, the target was filled with
helium gas under pressure and temperature conditions such that recoil o-particles
had still enough energy to traverse the detectors placed at the entrance of the
analysing spectrometer and at its focal-plane. These detectors were low-pressure
multiwire proportional chambers®) filled with pentane at a pressure of 6 mm of Hg.
The trajectories of the particles were in this case completely in vacuum. Unex-
pected difficulties arose in the absolute normalization of these data®). The
differential cross-sections for pion scattering at 180° were finally deduced from

" the following scaling:
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where 146.8° is the angle in the c.m. system corresponding to the maximum angle
“in the laboratory at which the spectrometer could be rotated, namely 144°, and

33.2° is the corresponding angle in the c.m. for the recoiling alphas.

Total cross-sections are represented in Fig. 2, together with results from
Wilkin et al.®)., Measurements were made with a set of five scintillation counters
with increasing diameters placed right behind the target inside the scattering
chamber. The pions were signed with a DISC counter placed just before the scat-
tering chamber. The target was a hollow copper cylinder, 80 mm in diameter and
60 mm long, covered with thin havar windows filled with liquid helium. Coulomb-

nuclear interference effects were corrected for by using the ratio
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P = Re £(0)/Im £(0) as deduced from our elastic-scattering data. In Fig. 2 are
also shown the total elastic cross—sections obtained by integrating measured an—
gular distributions and the remaining total inelastic cross—sections. Points at
51 MeV, 60 MeV, 68 MeV and 75 MeV are deduced from the data of Crowe et a16).
Enough positive pions were available at 110 MeV for a total cross—section to be

)

made at this energy. The curve in Fig. 2 is a theoretical prediction by Locher’”.

Total cross—sections agree with those of Wilkin et al. except for the lowest

energies where the discrepancy is outside experimental errors.

Differential cross—sections smoothly continue the low—energy data of
Crowe et al.s), but they show very novel features. Firstly, the angular position
of the first minimum is independent of the pion incident energy, whereas the first
minimum takes place at approximately constant t in the pion—lzc case. It probably
means that in the *He case, this minimum is connected to the zero of the non-spin
flip "-N amplitude rather than being of a diffractive nature. Secondly, another
minimum, which is wider than the first one, appears at 150 MeV and it moves towards
smaller angles as the pion energy increases. Moreover, the height of the second
maximum decreases by two orders of magnitude when the pion energy goes from 110 to
260 MeV, across the (3,3) resonance, whereas it remains almost constant in the

12¢ casel).

The measured differential cross—sections are fitted with the expression:
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and 24 are respectively the nuclear scattering amplitude, the Coulomb
2’8)

fN’ fc’

amplitude and a standard Bethe phase Following a suggestion made by Germond

and Wilkin, a form of fN(t) is chosen as:
RZ
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where tj's are complex numbers. The number of factors in the product Hj is taken
to be equal to the number of dips in the angular distributions, i.e. one at 110 MeV
and below, two at 150 MeV and above. Fitted values of the parameters are given in
Table 1. The sign of the imaginary parts will be explained in the final paper“),
as it results from a choice and is not forced on us. Equally good fits can be ob-

tained with the reverse sign.

From the values of Table 1 it is easy to deduce R, the slope at zero momentum
transfer. The obtained values are fitted with an effective radius model
'formulag’lo), R? = Ri + a/k? [where a equals % (% + 1) if one partial wave pre-
dominates]. One gets R? = (1.55 +0.03)2 + (4.40 = 0.12)/k? which is compatible

with a dominant p-wave interaction.
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In Fig. 3 are shown the values of the real part of the forward scattering
amplitude Re f(0) = p'(k/4ﬂ)0tot plotted versus T. Values at 51 MeV, 60 MeV, 68 MeV,
and 75 MeV were obtained by analyzing Crowe data®) in the way described above by
using values of Opot eXtrapolated down to 51 MeV. The curves are forward dispersion

relation calculations made by Wilkin®) and by Battyll).

We are greatly indebted to Drs. J.F. Germond and C. Wilkin for many fruitful
discussions concerning the interpretation of the data. The helium target was built
in the Cryogenic Department at IPN (Orsay). We are very grateful to its chief
Mr. S. Buhler, and to Mr. J. Mommejat for their devoted assistance. We thank the
CERN SC operators. We enjoyed the help of Dr. V. Bobyr during the early part of

the experiment and of Dr. E. Labie during the last runs.
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Figure captions

Fig. 1

Fig. 2

Fig., 3

1 -*He elastic scattering differential cross—sections versus Ocp» the
pion scattering angle in the c.m. system. Optical points * show the
value of IIm f|2 as deduced from our measured total cross-sections.
Only part of the forward data are shown for the sake of clarity.

The curves result from fits to a formula given in the text.

m -"He total cross-sections versus T, pion kinetic energy in the lab-
oratory system. [x: Wilkin et al.s), O: deduced from data of
Crowe et al.s)] The solid lines are a guide for the eye only.

The dotted curve is a theorétical prediction by Locher et a1.7).

Real part of the forward scattering amplitude versus T, pion kinetic
energy in the laboratory system. The curves were calculated from the
forward disperéion relation by Wilkin et al.s) (dotted curve) and by

Batty et al.l') (full curve).
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