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Abstract
The width and energy of the pionic sodium 2p-ls X-ray has been
measured using a Compton suppressed germanium spectrometer. The
resulting reduction of the continuum Compton background has allowed a
more detailed determination of the X-ray. The values obtained are:
Energy = 276.45(+0.27, +0.33) keV; Width = 17.1(*1.1, +1.2) keV. The
measured width is in better agreement with optical model predictions than

previous measurements which gave anomalously narrow values.

(Submitted to Nuclear Physics A)
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1. Introduction

The energy levels of pionic atoms are determined primarily by the
electromagnetic interaction, but the lower levels are broadened by pion
absorption and shifted due to multiple scattering by the nucleons in the
nucleus. The optical potentials, developed in a phenomenological manner
to describe these strong interaction effects, produce results that are
generally in good agreement with experiment over a wide range of mass
numbers. These potentials also give a good account of low energy pion
scattering data, where the negative pion data are particularly sensitive
to the neutron matter distribution in the nucleus.

With increasing Z, the absorptive broadening of a particular level
becomes more severe and the transition intensity to the broadened level
nmmﬂmmmmm as absorption from the feeding level increases. Consequently,
there arises a weakest observable X-ray transition to each of the s, p, d
and f levels and in each case measurements of these weak transitions have
yielded anomalous strong interaction widths and shifts®). 1In particular,
measured values of the wNa 2p-1s X-ray width range between 4.6 and 12.0
keV (see Table 1), whereas optical model calculations predict values in
the range 17-22 keVi>6). 1In an attempt to resolve this discrepancy, a
new measurement was made at TRIUMF using a Compton suppression spectrom
eter to reduce the Compton continuum in the region of the X-ray.

2. Experimental method

The experiment was performed using a 90 MeV/c negative pion beam
from the TRIUMF M13 channel in the setup illustrated in fig. 1. The
plons were degraded in 1 cm of beryllium and stops in the NaH target were
defined by a conventional four-scintillator telescope (Sl to S4). The

disc-shaped NaH target (1.0 cm thick by 6.3 cm diameter), contained in
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Energy calibration was determined from well known X-rays and gamma-
rays produced by stops in the target and from the in-beam source data
acquired in coincidence with a stop in the degrader; these calibration
peaks are listed in table 2. The energies of the gamma-rays versus the
peak channel numbers were fitted to both a linear and a quadratic func-
tion using a least-squares fit in order to estimate the effect of non-
linearities in the energy determination. The quadratic term was
negligible, being of the order 1078. The Compton edge of the Na(n, n')
440 keV gamma-ray was fitted with suitably scaled fits to the Compton
edge of the 412 keV gamma-ray from the Au source: The Compton suppressor
had the effect of transforming the edge into a broad peak corresponding
to lost photons which scattered back out of the entrance hole of the
suppressor at 180°. Therefore, the gold Compton edge was fitted as a
Lorentzian broadened peak which was then scaled in position and intensity
to approximate the sodium Compton edge. The entire effect of adding the
Compton edge was included as part of the systematic uncertainty, with a
contribution of *0.07 keV in the energy and *0.07 keV in the width. This
is an improvement over previous measurements where the problem was one of
fitting the unsuppressed Compton edge. In addition, since the 440 keV
gamma-ray is produced by secondary reactions in the target, the use of a
thin low density target further reduced the intensity of this line as
compared with previous measurements.

One of the most important factors in determining the width of the
X-ray was establishing the background. A large energy region extending
from 215 keV to 335 keV was fitted. This region was limited on the lower
side by the Compton edge of the 350 keV 21Ne gamma-ray at 202 keV, and on

the upper side by the low energy tail of the 350 keV gamma-ray itself.

The wNa 3p-ls X-ray at 339 keV, calculated to be 8.5% of the mNa 2p-ls
intensity by an X-ray cascade codeS), was included in the fit.

Fig. 2 shows the main structures in the fitted region as well as the
final fit. The large peak at 250 keV is the uNa(2-1) X-ray, and the
large peak at 300 keV is a superposition of the uNa(3-1) X-ray and a 16N*
gamma-ray. These peaks and the region immediately below the 250 keV peak
were poorly described by the fitting function. Since they contain
minimal information about the broad X-ray and their contribution to the
fit was dominated by their statistical uncertainty, they were not
included in the final fit.

Closer examination of the three well-defined and identified contami-
nant gamma-rays at the centroid of the X-ray suggested the possibility of
two further gammas as shown in the insert in fig. 2. When these were
included in the fit, the fitted width of the broad X-ray increased by
2 keV accompanied by a marginal improvement in x2 (Total x2 changing from
751 to 736). Since there is only weak evidence for the existence of
these extra peaks, their effect on the X-ray's width is included as the
dominant contribution to the systematic uncertainty and the final result
was centred in the uncertainty range. Other contributions to the
uncertainties are listed in table 3.

4. Results and discussion

The theoretical width and shift obtained for the sodium pionic 2p-ls
X-ray depends on the particular optical potential and parameters used.
Poffenberger!) performed a global fit of the best pionic X-ray data from
light nuclei, and in an attempt to extend this fit to describe the
anomalously narrow experimental width for sodium he investigated the

large dependence of the sodium width and shift on the neutron
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App. 4.

Table 1.
Results for the Energy, Widths and Shifts of the Pionic 2-1 X-ray in

Sodium (in units of keV).

Experimental: Energy Shift width
Backenstoss et al.”) 276.2(1.0) -51.0 10.3(4.0)
Jenkins et al.8) 277.2(1.0) =50.0 4.6(3.0)
Miller mmlww.wv 277.5(0.5) -49.7 6.2(1.2)
Olin MMImw.pov 275.75(0.26) =51.4 12.0(1.2)

(+0.27stat) (¥1l.1stat)

Current Work 276 .45 -50.7 17.1

(+0.33syst) (tl.2syst)

Theoretical: Energy Shift Width
Poffenberger!) (Rp=2.98 fm) 276.16 -51.04 17.62
Batty et al.®) (R,=2.96 fm) 278.61 -48.6 21.98
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Figure captions

1. Schematic of the experimental layout.
2. X-ray spectrum showing the regions fitted. The insert is a detail of
the central region showing the y-rays considered in the fit (See

text).
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