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Lifetime of the 2 'S1 state of heliumlike 9Br33+
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We report a measurement of the lifetime of the 2'Si level in heliumlike Br +. Our result is
r'*t'(2'S~) 224. 1(7.1) ps. This agrees with the theoretical calculation of 230(2) ps and provides

a test of O(Z'a') corrections to the lifetime. The experimental error is dominated by uncertain-

ties in the correction required to account for long-lived cascades from highly excited states.

In the past few years, precision measurements of forbid-
den lifetimes in one- and two-electron ions have been ex-
tended to higher Z. The new measurements' i are pro-
viding sensitive tests of relativistic quantum mechanics.
An important case is that of the lifetime of the 2 iS~ level
in heliumlike ions. This level decays to the 1 So ground
state by a forbidden M 1 transition. The lifetime of this
level is 7.86x 10i s for the helium atom' but decreases as
Z ' in heliumlike ions so that for bromine (Z 35) the
theoretical lifetime is 230 ps. The first observations of the
2'Si 1'So transition were made from satellites and
rockets studying the x-ray spectrum of the solar corona. 6

The first laboratory observation was made in a beam-foil
measurement by Marrus and Schmieder. ' Since then the
lifetime has been measureds over a range extending from
Z 2-54. Marrus et al. ~ have recently reported a 3%
measurement in Xe5~+ which is the first to be sensitive to
the 0(Z a ) relativistic corrections.

Here we report a 3% measurement of the lifetime of the
2 S~ level in heliumlike Br +. Bromine-79 is a partic-
ularly good choice for the measurement of the lifetime of
the heliumlike 2 S~ level because, in this isotope, all of
the other n 2 levels which decay by single-photon emis-
sion are much shorter lived and so there is a minimum of
complication from the decay of other levels. A major fac-
tor contributing to this favorable situation is that the life-
times of the iPo and the 'Pi states are reduced by
hyperfine quenching induced by the magnetic moment of
the Br (I —', ) nucleus. For example, in the absence of
hyperfine quenching the Po level would decay into 2 S~
with a lifetime of 1.48 ns and this contribution would
complicate the interpretation of the experimental decay
curve. Because of hyperfine quenching, however, this
state decays to the ground state with a lifetime' of 5.6 ps
and the branch to 2 S~ is only 0.4%. Figure 1 shows the
low-lying energy levels and lifetimes of Br +. The level
with lifetime closest to 2 S~ is that of the 2 'So state
which decays six times faster. This level decays only by
emission of two photons and so will not contribute to the
single-photon line. The simplification due to hyperfine

quenching does not occur in the Xe ~+ experiment and it
makes our measurement significant even though our result
is not as sensitive to the 0(Z~a~) corrections as the Xe
result.

Qur experiment utilizes the beam-foil time-of-flight
technique for lifetime measurements. A beam of 670-
MeV bromine ions from the Argonne Tandem Linac
(ATLAS) is incident on a 200-pg/cm foil and the heli-
umlike 33+ charge state is magnetically analyzed and
directed to the experimental area. About 13% of the
beam emerging from the foil is in the 33+ charge state.
The velocity of the beam is measured to 0.1% with a
time-of-flight velocity analyzer located after the linac but
in front of the 200-pg/cm foil. The measured velocity
must be corrected for energy loss in the foils and this
correction dominates the uncertainty in the velocity which
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FIG. l. Electronic energy-level diagram for the low-lying lev-
els of ' Br '+ showing the decay modes and lifetimes. The 2 P&

and 2 Pp levels decay primarily to the 1 'Sp ground state but
have small branches to the 2 'S~ level (dashed lines).
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is 0.3%. In the interaction region a thin carbon foil (30
pg/cm ) is moved relative to two fixed Si(Li) x-ray detec-
tors by a precision translation stage which measures the
position of the target to within 10 pm. The detectors are
collimated so that they observe a region 2 mm along the
beam. They subtend a solid angle of about 0.05% at the
beam. A lower-resolution silicon x-ray detector attached
to the target holder observes the x-ray intensity at a fixed
foil-detector distance and was used for normalization.
The foil-detector distance was varied from 9 to 51 mm
corresponding to 1-5.6 lifetimes of the 2 3S| level.

A typical spectrum for one of the Si(Li) detectors at a
foil-detector separation of 9 mm is shown in Fig. 2. The
peak near 12 keV is due to the single-photon decays from
the n 2 n 1 of heliumlike bromine. Decays from
n ) 3 into the n 2 levels of two- and three-electron bro-
mine are seen in the energy region above 2 keV. The
widths of the peaks are due to the intrinsic energy resolu-
tion of the detector (200 eV at 5.9 keV) and the Doppler
broadening due to the angular spread in beam velocity
and the finite angular acceptance of the detectors.

At each foil-detector separation, the peaks near 12 keV
in the Si(Li) detectors and the normalization detector are
fitted to a Gaussian with fixed width and position. We
then divide the peak areas by the number of counts in the
peak of the normalization detector and multiply by the
average normalization count. Because we count for the
same amount of integrated Faraday cup charge at each
foil-detector separation, the normalization corrections are
close to unity. The normalized counts are then corrected
for pileup and the resulting data for each detector are
fitted to a decay curve to obtain the lifetime.

Since higher excited states will be populated in the
beam-foil interaction, we need to consider possible sys-
tematic effects arising from cascade repopulation of
lower-lying levels. Any repopulation of the 23$1 level
after our first foil-detector position will give rise to a devi-
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ation from a single exponential decay. Also, since we can-
not resolve the decays from the 2p levels, any cascades
which proceed through these states will also lead to a devi-
ation from a single exponential decay.

Repopulation of the 2 Sl state will occur via high-lying
np levels in transitions np 2s. These decays are accom-
panied by decays np ls which give counts in our detec-
tor above 12 keV. Assuming a statistical distribution
among the singlet and triplet states for the np levels, and
using known branching ratios for decay of the n levels,
we determined the rate of repopulation of the 2 SI level
and used this to apply a correction to the data to eliminate
the effect of cascade repopulation of 2 Sl. The correction
changes the measured lifetime by less than 0.1%.

Cascade repopulation of the 2p levels is a more
significant effect in our experiment because of the long
lifetimes associated with yrast and high-Rydberg decays.
All cascades into n 2 will give counts in the region above
2.2 keV (n 3 n 2 transition energy), so, in principle,
we can determine the intensity of the cascades as a func-
tion of foil-detector separation by detecting these lines.
Unfortunately the counts near 2.2 keV in our spectra are
mainly due to lithiumlike ions and so they cannot be used
directly to make corrections for cascades. Qn the other
hand, the population of long-lived Rydberg levels could be
similar in the lithiumlike and heliumlike ions and so the
dependence of the intensities of the lines near 2.2 keV on
foil-detector distance would approximate that of the heli-
umlike cascades. Qur method of correcting for the cas-
cades through the 2p levels was then to fit our data to a
single exponential plus a constant times the counts in the
n 3 n 2, n 4 n 2, etc. peaks. Some confidence
in this procedure is given by the fact that we obtain a
slightly better g probability for the fit using this function
as compared to a fit based on a single exponential plus a
constant background. We increase the error in our final
result to account for the uncertainty in this procedure for
handling the cascade correction. Figure 3 shows a typical
decay curve obtained by subtracting out the cascade term
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FIG. 2. Typical Si(Li) detector spectrum at a foil-detector
separation of 9 mm. The counting time was 12 min and the ac-
cumulated Faraday cup charge was 0.9 pC. The peak near 12
keV is mostly due to decay of the 2 Sl level of heliumlike bro-
mine. The peaks in the region 2-4 keV are caused by transitions
from higher n levels into the n 2 levels of heliumlike and lithi-
umlike bromine.
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FIG. 3. Decay curve showing data after subtraction of cas-
cade component. The solid line is a fit to a single exponential.
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as determined by our fit. The results for the two detectors
agree to within uncertainties and so we simply average the
two results to obtain our final result of r(2 S ~ )

224. 1(7.1) ps.
A number of authors have calculated lifetimes for the

2 S~ levels in heliumlike ions. " ' The theoretical cal-
culation to lowest order in Za can be expressed as an
effective operator between nonrelativistic wave func-
tions. ' Drake has evaluated the matrix element to ob-
tain the "nonrelativistic" result rN"(23S~) 245.3 ps for
bromine (Z 35). Lowest-order relativistic corrections
are included b~ multiplying the decay rate by the factor'
[1+1.07(aZ) ] which yields' r'""'(2 S&) 230(2) ps.
This aIIrees with the relativistic Dirac-Hartree-Fock re-
sult r' "'(2 S&) 228.2 ps obtained by Johnson and
Lin' which partially includes higher-order relativistic
effects. Our experimental result is in agreement with
these theoretical values and provides confirmation of the
0(Z a ) relativistic corrections.

In order to improve the accuracy of this lifetime deter-
mination we would need to reduce the error associated

with cascades through the 2p levels. With sufficient reso-
lution, one could isolate the 2 S~ 1 'So line from the
2p Is lines. However, this would involve a considerable
loss in detection efficiency compared to a Si(Li) detector.
Another possibility is to directly observe the cascades by
detecting coincidences between the photons emitted in
n 2 n 1 transitions and photons emitted in n~ 3

n 2 transitions. Such coincidences were observed in
experiments which determined the lifetimes of two-
photon-emitting states in heliumlike and hydrogenlike
nickel. 3
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