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. Abstract
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1. Introduction

Pionic atoms may be used to study the pion-nucleus strong interac-
tion at low energy. The deviations of the X-ray energies and line widths
from their purely electromagnetic values have been measured throughout
the periodic table. For a given transition measured in a series of atoms
of increasing Z, the absorption widths increase and the intensity of the
X-ray is reduced due to pion absorption from the feeding levels, making
observation of these X-rays in a large gamma-ray background progressively
more difficult. Pionic X-rays are in general well described by an optical
model descripton of the pion-nucleus interaction, with agreement between
theory and experiment typically at the few percent level. However in a
few atoms significantly larger deviations from theory occur for the
weakest transitions where the experimental difficulties are most severe.
It has proven very difficult to incorporate these results within the
optical model framework!™3). From a historical perspective, we should
view these anomalies with skepticism, since similar cases have in the
past not been confirmed when the measurements were repeated with improved
experimental techniques.

Until recently, ® 4f-3d X-rays had been measured up to Z=60 where the
shifts and widths are ~10 KeV %). When the 4f-3d X~-ray measurements were
extended to Ta, Re, Pt, Au, and u»m.ov. their measured shifts and
widths were a factor 2 to 3 smaller than predicted. These measurements
were made possible by use of a Compton suppression spectrometer to reduce
the backgrounds. At TRIUMF we have undertaken a measurement of the 208pp
and 209Bi X-rays, exploiting the low-momentum pion beam and a BGO Compton
suppressor to obtain somewhat lower backgrounds than were achieved in

earlier work. 208Pb was chosen because it is a spherical nucleus, so
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two-parameter exponential tail and including a background step at the
peak position, was obtained by fitting the calibration lines accumulated
simultaneously with the data. The effect of the variation of the detec-
tor efficiency over the broadened lines was also taken into account. A
chi-squared minimization code, which allowed one to omit selected areas
within the fitting window, was used, so that the sensitivity of the fit
to possible contaminants could be explored.

The results are shown in Table 1. Since the scatter among the three
Pb data sets is consistent with the statistical uncertainties, the
weighted mean is used for the final result. The quality of the data has
permitted a more thorough evaluation of the systematic uncertainties than
was possible in earlier work. From the fact that the background in the
prompt time spectrum is reduced 50% less than nrrn of the in-beam source
spectrum, we conclude that it has a significant photopeak component con-
sisting of continuum and weak discrete gamma-rays from the pion absorp-
tion process. Two models for the background shape, linear and exponen-
tially decreasing, were used in the fitting, and the effect of omitting
areas of the fitting region, or of allowing additional weak contaminant
peaks on top of the 4-3 X-ray was explored. Most of the gammas in this
region have been identified with levels of T1 isotopes and the weakest
lines included in the fit have a yield of <1073 per pion stop. The fit
has been performed over three fitting regions: 1144-1397 keV, 1110-1397
keV, and 1074-1488 keV. Reasonably consistent results were obtained for
these regions except for the linear background 1074-1488 keV region
combination, where the chi-square was increased and the X-ray line width
reduced compared to the linear fit over smaller regions. For this

reason the exponential background shape was adopted for the final result.

The difference between these two fits was used to estimate the
uncertainty due to the background shape to be $0.1 keV in energy and
+2.8 keV in width. Uncertainties in the detector response function con-
tributed *0.6 keV and t1.1 keV, and the contribution from contamination
peaks was estimated to be 0.8 keV and $3.5 keV. Since these contribu-
tions are independent, they have been combined in quadrature to obtain a
total systematic error of *1.0 keV in the energy and +4.6 keV in the
width. The chi-square obtained in our best fit was 1.03 per degree of
freedom, showing that our model gives a consistent overall description of
the spectrum region. The peak-to-background amplitude obtained for 208pp
spectrum region was 1:2, compared to 1:2 obtained by the NIKHEF group for
the more intense w Au Nlnwwmv and to 1:7 for their » Bi data). However,
we have chosen to treat systematic effects in a rather conservative
manner, so that the quoted errors for our Pb and their Bi X-rays are
nearly the same.

The Pb 7 5-4 X-ray has been measured with sufficient statistics that
the strong interaction shift and width is fitted with accuracy limited by
knowledge of the detector response function. The quality of the fit is
shown in fig. 3. This X-ray has not been previously measured using a
208pp geparated isotope target. The ratio of the intensities of the =
4-3 and 7 5-4 X-rays is determined by the 4f strong interaction width,
which gives the pion absorption width of this state. The measured inten-
sity ratio is 9.6%+1.9% after corrections for the detector efficiency and
self-absorption in the target. The uncertainty in this ratio includes
the systematic width uncertainty on the w 4-3 peak area and the uncer-
tainty in the relative detector efficiency due to the tight timing cuts

used and the variation of timing with energy. From the measured 5-4
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4.

Figure Captions
Arrangement of the experimental apparatus.
Fits to the 208Pb v 4-3 xrays. For clarity the data has been
rebinned to 2.8 keV/bin, but the fits were done with 0.57 keV/bin.
The different fit models mroru. characterized by the x-ray energy E
and width T, were used in the evaluation of the systematic
uncertainties. Gaps in the fit lines denote regions omitted from the
fit.
Whn to the 208Pp v 5-4 xray.
Fits to the 209Bji n 4-3 x-ray. The presentation is similar to
fig. 1. Also included is a fit with the x-ray position and width
fixed at its previously reported value of E=1301 keV, I'=25 keV.
Fit to the 209Bi « 5-4 x-ray. The fit model does not include strong
hyperfine effects.
Level shifts and widths are shown as a function of A=<r2)1/2-¢p25i/2,
The calculations are from Kunselman et al. [, ref. 16)], Batty et
al. [@, ref. 8)] and Seki [, ref. 3)]. The cross-hatched band

shows the experimental value with its l¢ error.
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