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Abstract

We have remeasured energies and Lorentzian widths of pionic K X-ray
transitions in liquid 3He with improved accuracy. The strong inter-
action shift of the n3He 1s level is found to be attractive and to
produce an increase in the K transition energies of 34 + 4 eV; the
Lorentzian width is 36 + 7 eV. The results are compared with recent
theoretical calculations. We have also measured K X-ray energies in
n*He and u*He, the Lorentzian width of the 1s level in n*He, and

relative intensities of K X-ray transitions in n3He, n“He and u'He.
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The m 3He system provides a stringent test of our understanding of
pion-nuclear interactions. Two recent measurements [1,2] of the
3He pionic K X rays yielded results _:no:w"mnmsn with each other
but each in partial agreement with new calculations (within a mul-
tiple scattering framework) of the hadronic contribution to X-ray
energies and widths [3,4]. We have repeated our measurement, in-
corporating technical improvements in order to better determine the
calibration and detector lineshape under beam conditions. Data on

™ “He and u “He were also acquired as tests of possible systematic
errors.

Experimental Procedure and Analysis

The experimental setup was similar to that described in reference 1.
An 0.4 cm3 Si(Li) detector was used having an in-beam energy resolu-
tion of 250 eV for the 14.4 keV 57Fe gamma ray; the singles rate in
the detector was about 500 counts/sec. Pile-up rejection ensured
that only those events were accepted which did not have a pulse in
the preceding 50 u's nor in the subsequent 10 u's. Digital stabili-
zation against zero and gain shifts using the 6.4 kev 57Fe xp line
and the 28.6 kev 1257e xp line maintained the peak positions constant
to within £ 1 eV during the entire data collection period. Thus,
final spectra were obtained by simply summing corresponding channels
from individual runs. Prompt X rays, their energy-dependent timing

spectra, and calibration spectra were acquired concurrently.

Considerable care was taken to accept source calibration events under
rate conditions similar to those for the mesonic X rays. Only those
source calibration events were accepted which occurred within a 100 ns
gate opened by a scintillator placed just to the side of the beam
telescope and registering a fraction of the beam scattered out of the
telescope direction. The energy calibration lines listed in Table 1
were fitted, using the computer program JAGSPOT [5], to Gaussian line-

shapes with two-parameter low energy tails and a linear background;
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The average values for the m 3He 1s level strong interaction shift
and width are thus:

€ = 34 t 4 ev and T, =361 7 ev.

s N 1s
The strong interaction shift agrees with our previous measurement [1]
but differs by two standard deviations from the value of Abela et al.
[2]. On the other hand, our new measured width agrees with Abela et
al. [2] but differs by two standard deviations from our previous value
[1]. The major difference between the present run and our 1978 run is
in the way that the calibration spectra were collected. In the present
run much better long-term gain stability was achieved, and special care
was taken to ensure that beam rate effects were similar for X rays and
for calibration sources. The rather small in-beam resolution determined
for the sources during the experiment reported in 1978 may not have been
sufficiently beam dependent and may be the origin of the large Lorentzian
width reported at that time.

The hadronic isotope shift is much less sensitive to systematic uncer-
tainties than are the absolute energies. We obtain n_mﬂwzmv - m_mA:zmv
= -105 & 3 eV.

Table 3 shows experimental and theoretical values for the strong inter-
action shift and width for = 3He. Both Lohs [4] and Thomas [3] consider
the effects of a possible dispersive contribution to the scattering
length, Aa = -Im(a). Weak evidence for such a term has been reported
from an optical model analysis by Tauscher [14]. Lohs' calculation
incorporates s- and p-wave double scattering, s-wave triple scattering,
and double spin flip. (The phase shift analysis of Bugg et al. is used.)
The width calculated by Lohs is based upon a multiple scattering calcu-

lation of the charge exchange cross-sections, together with the measured
Panofsky ratio [19].

Thomas performed a similar multiple scattering calculation in which
the sensitivity of the results to the choice of pion-nucleon phase
shifts is explored. We quote his newly-revised values which are in

good agreement with Lohs. The uncertainty in this calculation, which
comes 90% from the experimental uncertainty in the isoscalar scattering
length a, precludes us from distinguishing the presence of the

dispersive term. An improvement of the accuracy of a,, measured with

1
nd X rays, would clarify this situation.

Phillips and Roig [15] have calculated the 1s absorptive width T Mm =
abs

27 + 8 eV using a phenomenological two nucleon absorption model.
Allowing for the charge-exchange cross sections, this results in T 1s

=37 ¢ 11 eV, in good agreement with experiment.

X-Ray Intensities

In order to determine the intensities of the m 3He x and xm lines in
the presence of interfering lines, the positions and z_nn:u were m_xma
and other parameters were allowed to vary in order to determine only
the areas under the peaks. The Lorentzian widths were fixed at the
average value m_wmma< determined from the m 3He x and xm lines. The
positions of the m 3He x and xm lines were m_xoa at the calculated
electromagnetic energies noﬂqmnnmn v< the measured strong interaction
energy shift of the 1s level. The measured intensities of the pionic

m, x and xm transitions in liquid 3He relative to 100 for the x
aﬂm:m_a.o= were 107 + 6, 24 + 2 and 8 % 1, respectively, in mmwmmam:n
with our previous measurements [1].

Table 4 shows the measured relative intensities of K X rays for m and
u, 3He and “He, liquid and gas phases. There has been no satisfactory
theoretical explanation of these intensities, particularly of the an-
omalously large xm intensity in pionic liquid helium. However, some
agreement has been achieved [9] in cascade models using adjustable
parameters in those areas of the cascade which are not yet properly
understood: the initial distribution of pion atomic states, the

strength of the external Auger effect, and the strength of the Stark
mixing.
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Experimental a

Table 3

nd Theoretical Values (in eV)

for the Strong Inte

raction Shift and Width for = 3He

Shift Width Reference
Experimental Values 50 H MM 89 + 67 Sapp [13]
by £5 42 + 14 Abela et al. [2]
27 £5 65% 12 Mason et al. [1]
34 ¢ 4 36 £ 7 Present results
Theoretical Values 39+ 14 24 + 8 Lohs [4], notes a
25 % 14 - Lohs [4], notes a
36 £ 11 - Thomas [3], notes
38zt5 - Thomas [3], notes
53¢9 - Thomas [3], notes
23+ 11 - Thomas [3], notes
25 & 4 - Thomas [3], notes
Lo t 9 - Thomas [3], notes

Notes

a) The phase shifts
b) The phase shifts
c) The phase shifts
d) No dispersion.

e) A dispersive cor

f) A dispersive cor

37 £ 11 Phillips and Roig

of Bugg et al. [1€] were used.

of M. Salomon [17] were used.

and d

and e

o

and
and

and

and

a
c

b and
a

c and
[

15]

-h h -h QO QA Qo

of Samaranayake and Woodstock [18] were used.

rection Aa = -Im(a) is included, with T

rection Aa = -Im(a) is included, with T

42 ev.
37 eV.

ﬂ

Type

YHe

3He

%He

3He

“He

“He

“He

.

ig.

(2)

(2)

(9)

(9)
Theory

(2)

Theory

7 3He

10 -

Table 4

X Ray Intensities Relative to 100 for xa

(2 = liquid; g = gas)

K K
= X

™

124 £ 9 42 + 3
120 34

119 £ 13 -

105 £ 6 22 t 2
107 £ 6 24 %2

38 ¢4 -
4o t 4 -
98.5 Ly
564 11 %2
bs 7
54.6 10.5

X~-ray Spectrum

xQ / Reference

9.6 + .8 Backenstoss et al. [9]

7 Present Experiment

- Sapp et al. [13]
8 1 Mason et al. [1]
8 1 Present Experiment

- "Abela et al. [2]
- Abela et al. [2]
9.5 Backenstoss [9]

2.6 £ 1.6 Backenstoss [9]

- Present Experiment

1.5 Backenstoss [9]
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