TRI-PP-78-3
Mar 1973

.

cARY

L

Ny
Bivv’
X Rays from Pionic 3He!

G.R. Mason, G.A. Beer, D.A. Bryman,2 M,S, Dixlt,
S.K. Kim, J.A, Macdonald, A, 0lin, R.M. Pearce

Physics Department, University of Victoria, Vietoria, B.C., Canada

M. Krell
Dept. de Physique, Univereité de Sherbrooke, Sherbrooke, P.Q., Canada

and

J.S, Vincent
TRIUMF, Vancowver, B.C., Canada

N

Abstract

Pionic X-ray energies, Lorentzian widths, -and relative intensities
have been measured f the transitions in liquid 3He. The pion-nucleus
Interaction Is found to result in an attractive shift of the Is level
of 27 + 5 eV and in a Lorentzian width of 65 % 12 eV, The measured Kg
to K, Intensity ratio is 1.05 + 0,07.
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Pionic X-rays provide the best information about the interaction
between plons and nuclel at low relative momenta. Measurements for all
but the lightest nuclel have been satisfactorily parameterised using an
optical potential of Ericson and Ericson [1,2]. Recently, data have
been obtained for 11thium and beryllium [3], for'“He [4], for 3He (5],
and for 2H [6]. 3He Is particularly important because it is the only

nucleus, except for hydrogen, with more protons than neutrons; it is
unique In having an attractive s-wave interaction with the pion. Al-
though the ratio of Intensities of the pionic xp and xm transitions is
normal for the gaseous states of “He and 3He, this ratio has been found
to be anomalous for liquid *He [4] and apparently also for liquid 3He
[10]. Thus, It was important to measure the pionic K transitions in
Tiquid 3He to confirm not only the strong interaction shift and width
but also the intensity anomaly. An experiment to measure these quanti-
ties Is reported herein,

The experiment was performed at TRIUMF using the M9 magnetic chan-
nel, which was tuned to accept 96 MeV/c (+5%) negative particles pro-
duced in a 10 cm long beryllium nvwmmn bombarded by 10 pA of 500 MeV
protons. Time-of-flight spectra showed that the relative abundance of
particles In the collimated beam was 48% pions, 48% electrons and 4%
muons,

The 1iquid 3He target+! [7] is seen in cross-section in fig, 1;
the helium target volume is pill-shaped, 20 mm thick by 106 mm in diam-
eter, and is cooled to 2°K by superfluid “He. The cylindrical lead
collimator and borated gypsum blocks ensured that the pion beam was
confined to the _mnpma helium volume and also served to shield the

Si(L1) X-ray detector from the direct pion beam. Pions stopping

n
the 3He target were signalled electronically by the usual 1.2.3.7.

coincidence among the plastic scintillators constituting the telescope.

#IThe JHe target was loaned to the University of Victoria for use at
TRIUMF by the National Aeronautics and Space Administration of the

U.5.A. under contract NASW-2763.
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tlons were observed to be 100 + 6, 105 + 6, 22 + 2, and 8 ¢ 1, respec~
tively. The anomalously large ratio of xm to xa intensitles agrees with
the Virginia measurement of 1.19 + 0,13 for liquid 3He and may be com-
pared to the ratio 1,24 + 0,09 measured [4] for liquid “He. Liquid .

helium Is the only known case where the pionic K, Intensity exceeds that

8
of the K transition. In contrast, for gaseous 3He and “He, the ratios
of the xm to xn intensities are 0,40 *+ 0,04 and 0.38 *+ 0.04, respective-
ly.[5] The intensity anomaly in liquid helium has been discussed pre-

viously [4], but remains unresolved.

We have attempted to predict the Intensities using a standard cas-
cade computer program which included the following processes: dipole
radiative transitions, radioactive decay, nuclear absorption of the pion
in ns and np states, and the internal Auger effect. The free parameters
in the calculation were the distribution of pion states at the time of

inftial capture and the value of I', which was used in calculating the

2p
p-state absorptions. No reasonable variation In the free parameters

gave the measured intensity ratios.

Our experimental values for the strong Interaction shift and width
of the 7 3He 1s level may be compared with the optical potential theory
of Ericson and Ericson [1]. The wm-atomic potential parameters have
been discussed by Krell and Ericson [2], and we note that a strong de-
pendence on the atomic number Is expected for the strength parameter
by of the Isoscalar local potential, Except for by and Co we use the
values of the potential parameters established for heavier elements by
Tauscher [12] to calculate the strong Interaction shift and width for
the s state of m 3He. The values used are:

bg = -0.015 1, cg = 0.21 y 3, Bo =1 0,04 u %,
by = -0.09 'l cp = 0.18 v 3, C =0,

~ .
Using a Gaussian distribution with <r2>% = 1,88 fm [13] for the 3He
“nucleus, the result of the calculation Is:

€, = 30.5 eV; - Te = 38,6 ev. -

We have put Cp = 0 since the p-state absorption term, if Included,

-6 -

reduces the s-state width v< 2k eV, whereas from the physics point of
view, no dramatic Influence of the p-wave potential should be expected
on the s states. To understand this, we refer to fig. 1 in Krell and
Ericson [2], The Imaginary part of the p-wave (or non-local or gradi-
ent) potential has a dipole character similar to the real part shown in
this figure. This form of the potential produces the unphysical nega-
tive p-wave absorptlion effect on the s state.

We belleve that the present experiment suggests that the eimplifi-
cation of including the absorptive p-wave potential part in the gradient
structure is not correct for light nuclei and that another form of ab-

sorption on the surface may be more appropriate for the p-wave interac-
tion,

Our treatment of (two-nucleon) absorption does not properly account
for charge exchange and radiative capture, which are the only channels
for hydrogen. These reactions no:nﬂ—ccﬁm very little to the width in
heavier elements, but give a significant contribution in the case of
3He [14). According to a more recent evaluation by Phillips [15], it
might just make up for the remaining differences between the result of

the simple optical model calculations and our experimental results.

It is a pleasure te thank Dr, A.W, Thomas for many useful discus=-
sions which have contributed towards Increasing our understanding of
the subject. The continuing co-operation and support of the TRIUMF
operating staff has also been greatly apprecliated.
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