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We present r~-‘He differential cross sections at 110, 150, 180, 220, and 260 MeV, as
well as total cross sections at eleven energies between 67 and 285 MeV.

Negative-pion-*He scattering has been mea-
sured at the CERN synchrocyclotron with the
double achromatic spectrometer previously used
for pion-'?C scattering.*?> A liquid-helium tar-
get of the supercooled type with a precise tem-
perature regulation was installed for these mea-
surements. Its windows consisted of thin Havar
(Co-Fe) 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 rela-
tive 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 £4%.

Momentum dispersion of the incident pion beam
was Ap/p=+1.8%. Overall angular resolution
was 1° with use of a setup which included a DISC
counter for identifying the forward-scattered
pions. It was 2° for the large-angle measure-
ments.

The experimental data are represented in Fig.
1. Differential cross sections are given as a )
function of the scattering angle in the center-of-
mass system.

Cross sections for 180° scattering were mea-
sured by observing *He nuclei recoiling in the
forward direction. For this purpose, the target
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FIG. 1. 7~ -'He elastic-scattering differential cross
sections versus 6, ,, , the pion scattering angle in the

‘c.m. system. Optical points on vertical axis show the

value of (% /47 |Imf|? 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 by a formula given in the text.
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was filled with helium gas under pressure and
temperature conditions such that recoil « parti-
cles had still enough energy to traverse the de-
tectors placed at the entrance of the analyzing
spectrometer and at its focal plane. These de-
tectors were low-pressure multiwire proportion-
al chambers?® filled with pentane at a pressure of
6 Torr. The trajectories of the particles were
in this case completely in vacuum. Unexpected
difficulties arose in determining the absolute ef-
ficiency of these detectors.? The differential
cross sections for pion scattering at 180° were
finally deduced from the following scaling:

<d0(180°)>"
aQ c.m.
) <da(146.8°))" [do(0°)/da], ..*
- a) c.m. [d0(33-20)/dg]c.m.a ’

where 146.8° is the angle in the c.m. system cor-
responding to the maximum angle in the labora-
tory at which the spectrometer could be rotated,
namely 144°, and 33.2° is the corresponding angle
in the c¢.m. for the recoiling &’s.

Total cross sections are represented in Fig. 2,
together with experimental results from Wilkin
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FIG. 2. 7 -'He total cross sections versus 7, pion
kinetic energy in the laboratory system. Crosses, Wil-
kin et a. (Ref. 5); squares, deduced from data of
Crowe et al. (Ref. 6). The solid lines are a guide for
the eye only. The dashed curve is a theoretical pre-
diction by Locher, Steinmann, and Straumann (Ref. 7).
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et al.® Measurements were made with a set of
five scintillation counters with increasing diame-
ters placed right behind the target inside the
scattering chamber. The pions were tagged with
a DISC counter placed just before the scattering
chamber. The target was a hollow copper cylin-
der, 80 mm in diameter and 60 mm long, cov-
ered with thin Havar windows and filled with liq-
uid helium. Coulomb-nuclear interference ef-
fects were corrected for by using the ratio p
=Ref(0)/Imf(0) as deduced from our elastic scat-
tering data. In Fig. 2 are also shown the total
elastic cross sections obtained by integrating
measured angular distributions and the remain-
ing total inelastic cross sections. Points at 51,
60, 68, and 75 MeV are deduced from the data
of Crowe et al.® Enough positive pions were
available at 110 MeV for a total cross section to
be computed at this energy. The curves in Fig.
2 are from a theoretical prediction by Locher,
Steinmann, and Straumann.” 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.,® but they
show very novel features. Firstly, the angular
position of the first minimum is independent of
the pion incident energy, whereas the first mini-
mum takes place at approximately constant ¢ in
the pion-2C case. It probably means that in the
“He case, this minimum is connected to the zero
of the spin-nonflip 7-N amplitude rather than be-
ing of a diffractive nature. Secondly, another
minimum, which is wider than the first one, ap-
pears 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) reso-
nance, whereas it remains almost constant in the
2C case.!

The measured differential cross sections are
fitted with the expression

do/dS = fye™  +| 1]

2
.

Jus fc, and 26 are, respectively, the nuclear
scattering amplitude, the Coulomb amplitude,
and a standard Bethe phase.’’® Following a sug-
gestion made by Germond and Wilkin, we chose
a form of f,(¢) as

Fu(@)=(k/4m)0, (i +p)exp(+ zR *DIX1 - ¢/1)),
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TABLE I. Fitted values for parameters of fy. 1 -z;=

—t; /2k%; n is the number of degrees of freedom in the fits.

T Rg
(MeV) p (fm) Re(l-2zy) Im(1-2y) Re(1-2z,) Im(1—zy) n Y
110 0.560+0.047 1.685+0.018 0.704+0.009  0.185+0.010 eee 114 126
150 0.153+0.078 1.238+0.131 0.729+0.007  0.137+0.010 2.14933:878  —0.533£0.092 25 29
180  —0.0230.031 1.310+0.061 0.708+0.008 —0.072+0.012 1.613+0.024 —0.372+0.055 109 129
220  —0.013+0.147 1.262£0.035 0.7214£0.005  0.020£0.011 1.452+0.023 —0.202+0.031 23 40
260  —0.317£0.028 1.341£0,032 0,726£0.011  0,063£0,023 1,350£0.026 —0.119£0.051 107 91

where the ¢,’s are complex numbers. The num-
ber of factors in the product II; is taken to be
equal to the number of dips in the angular distri-
butions, i.e. one at 110 MeV and below, two at
150 MeV and above. Fitted values of the parame-
ters are given in Table I. The sign of the imagi-

nary part is not determined by this fitting. Equal-

ly good fits can be obtained with the reverse sign.
From the values of Table I it is easy to deduce
R, the slope at zero momentum transfer. The
obtained values are fitted with an effective-ra-
dius-model formula,®*® R*=R %+ a/k? [ where a
equals 3/(Z+1) if one partial wave predominates].
One gets R2=(1.55+0.03)% + (4,40 +0.12)/2 which
is compatible with a dominant p-wave interaction.
In Fig. 3 are shown the values of the real part
of the forward-scattering amplitude Ref(0)=p(k/

47)o,,, plotted versus T. Values at 51, 60, 68,
and 75 MeV were obtained by analyzing Crowe
et al.’s data® in the way described above by using
values of o,,, extrapolated down to 51 MeV. The
curves are forward-dispersion-relation calcula-
tions made by Wilkin® and by Batty, Squier, and
Turner.!

We are greatly indebted to Dr. J. F. Germond
and Dr. C. Wilkin for many fruitful discussions
concerning the interpretation of the data. The
helium target was built in the Cryogenic Depart-
ment at Institut de Physique Nucléaire. We are
very grateful to its chief Mr. S. Buhler, and to
Mr. J. Mommejat for their devoted assistance.
We thank the CERN synchrocyclotron operators.
We enjoyed the help of Dr. V. Bobyr during the
early part of the experiment and of Dr. E. Labie
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FIG. 3. Real part of the forward-scattering amplitude versus 7', pion kinetic energy in the laboratory system.
The curves were calculated from the forward dispersion relation by Wilkin et al. (Ref. 5) (dashed curve) and by

Batty, Squier, and Turner (Ref, 11) (full curve).
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during the last runs.
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Isoscalar and isovector components of M2 and M4 transition matrix elements are ob-
tained by comparing stretched single-(quasi)proton transitions with stretched single-
(quasi)neutron transitions. Both the isoscalar and the isovector components are found to
be smaller by factors g°ff /g ~0.2—0,3 than the single-quasiparticle values. The reduc-
tions are accounted for, respectively, in terms of destructive effects of the isoscalar
magnetic (spin) and the isovector magnetic (isospin-spin) core polarizations.

Recently it has been shown by Ejiri ef al.! that isovector electric dipole (E1) matrix elements'? for
transitions from isobaric analog states to low-lying states are uniformly smaller than single-quasi-
particle values. The uniform reduction is accounted for in terms of a destructive effect of the iso-
spin-dipole (isovector E1 mode) core polarization. The Majorana-type interaction Hy=V,(1+7, - 7,)(1
+0, *G,)f(T,T,) is dominant in the exchange nuclear interaction. Consequently one may expect a spin-
multipole @7+ Y" mode) core polarization arising from the spin interaction term V&, *3,f (¥, T,),
and an isospin-spin multipole TEr Y mode) core polarization arising from the isospin-spin inter-
action term V7, * 7,8, *3,f (F,T,), as well as the isospin-dipole (77! +Y* mode) core polarization aris-
ing from the isospin interaction V7, * 7, f (f,T;). A possible reduction effect of the spin-isospin polar-
ization has been suggested in analyses of the first forbidden B-decay matrix elements.®>* It is of great
interest to study effects of the spin (isoscalar) and the spin-isospin (isovector) polarizations on iso-
scalar and isovector components of magnetic y transitions between low-lying single-particle states.
Quantitative investigations of M2 transitions are very rare. Furthermore, separation of the isovector
and the isoscalar components has been difficult since the isoscalar component itself is very small.

We studied in the present work the isoscalar and the isovector components of the ML (L =2, 4) matrix
elements by analyzing in detail both the stretched single-proton transitions and the single~-neutron tran-
sitions, j= l+%-—~j’ =1'-3% with Aj=L and Am=yes (since the polarization with A7 =yes is essentially
due to coherent 17w particle-hole excitations, it affects uniformly transition rates between low-lying
single-particle states). The stretched ML transition operator is expressed as :

kel L \1-7, 1+7,7] -
T= [(L#p" >_.3. +Lp, _-%_ajl [O'X’V)\Y)\]L=>\+1 ’ @

2mc L+1 2
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