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Under the AEC contract AT(11-1)-1811, apparatus was constructed

at the University of Arizona to measure(:Eile Lamb-shift in a hydrogen-

like atom of nuclear charge  Z5-3 /  It was hoped that the knowledge

of  the  shi ft, when compared with theoretical results,  may Gcover  some

fundamental defect in quantum
electrodyna .

The experiments were performed with the tandem accelerator at the

Los Alamos Scientific Laboratory.  Dr. George Lawrence of the labora-

tory and Professor Stanley Bashkin of the University of Arizona were

invited to join me as co-experimenters.

7+The ion species chosen for the study was 160 .  This choice
-*-.-I

was made by considering the following four factors:

(1)  An oxygen beam of a reasonable intensity was readily

available - from the tandem accelerator.

(2)  The nuclear charge of  160  is sufficiently large that, in
--

the (aZ)-power series expansion of the perturbation calcula-

tion  of the Lamb-shi ft, the contribution of higher order

terms becomes significantly important.

(3)  The nuclear charge, on the other hand, is not too large to

make the correction for the destruction of the 2S -state
1/2

atoms by two-photon decay, which is proportional  to    Z6   ,  an

important factor.

7+
(4)  The atomic energy levels of 160 do not have hyperfine

structure because of its zero nuclear spin.

Also for these reasons, we did not make attempts to extend the

measurement of the shift in other species after the completion of the

experiments reported here.
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16-8+Some 10-20 nA of momentum-analyzed ions of u generated by

the tandem accelerator was brought  into the Lamb-shift apparatus,

(shown in Figure 1 of the reprint enclosed).  Some of the ions were

converted to  1607   in the  2Sl 2-state on passage through 10 an

oxygen gas.  The decay of the 2Sl /2-state atoms in a homogeneous

magnetic field was then measured.  From the measured decay constant,

the Lamb-shift was calculated.

Alltogether, eight complete runs were made, at two different

energies (36 and 42 MeV) in two different magnetic fields of two

di fferent polarities.  he averaged Lamb-shi ft calculated from  the                  -

measured decay constants is 2215.6   +  7.5 GHz;/
Compared with Erickson' s

QED calculation,  2205.17 t 1.51 GHz , it appears that there is a          /

small discrepancy.  However, since neither the experimental nor the

theoretical results are final, the discrepancy may soon disappear.
--

The experimental uncertainty came mainly from the statistical               -

fluctuation in the data points and in the background counts.  In our

experiments, we required about 50 data points to.complete one run.

With a normal 10 nA analyzed beam current, it usually took us about

10 hours of machine time to obtain one complete set of points with a

statistical accuracy of each point better thah 0.5%.  That was the

amount of machine time we were able to get in two to three shifts.

The preliminary results were reported in the APS 1972 June

meeting in Albuquerque and published in the Physical Review Letters.

Presently,  we are calibrating  the dial indicator  for the distance

measurement and making refined calculation of the trajectories of the

ion beam in the magnetic fields.  As soon as these tasks are completed,

the final results will be written up for publication.
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The contract period began on June 1, 1968 and will end, after one

year no-fund extension, on August 31, 1972.  The total support received

was $82,532.  (Six copies of reprints are enclosed.)


