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' (1) The self-energy and vacuum polarization effects analogous
to".%hose which yield the main part of the Lamb shift, in hydrogen.

(2) Recoil and retardation corrections to the Breit interaction.
Similar contributions have been calculated by Salpeter' for
hydrogen. In hydrogen such terms account for less than 0.05
percent of the Lamb shift. The effect is much larger in positronium
since the mass dependence is of the form mPm2s/(ra~+ms)'.

(3) Corrections to the n' virtual annihilation interaction' ' and
n5 annihilation processes. These are of course peculiar to a
particle-antiparticle system.

Items (1) and (2) above have been calculated with arbitrary
masses ~nI and m2 so as to determine the mass dependence in
general. In the limit mi small and m2 large, we con6rm Salpeter's
numerical result' and Arnowitt's hyperfine structure calculation. "
In the limit mi =m2 we confirm the results of Karplus and Klein. '
We also agree with them on item (3). The energy shift due to
items (1) and (2) is given by the expression below:

For the 2S state:

FIG. 2. Trace of projection of heavy meson star, Short curly track
is typical of an Auger electron.

heavy mesons and overlap the values given for r and Z mesons~4
and also the larger masses found by Daniel e$ cl.5

The target-to-star path corresponds to 1.2X10 sec for the
heavy meson in its rest system. If the mean life of such mesons
were as low as 1 millimicrosecond, it can easily be shown (using
cosmic ray evidence that the ratio R of heavy mesons to pions
created is less than 0.1) that the probability of observing 1 heavy
meson in our experimental arrangement would be less than 0.01.
If, on the other hand, the mean life of 8 millimicroseconds indi-

cated for cosmic ray heavy mesons' is adopted, the observed pro-
portion of 1 heavy meson star to 2000 pion stars (a proportion
that may, of course, change markedly with more observations)
would correspond to a value of about 10 4 for R.

The creation process of this meson cannot be analyzed unam-

biguously because of the thickness of the target; the heavy meson
could have lost as much as 100 Mev in the beryllium and, besides,
could have been made by a fast secondary {pion or proton).

We are particuIarly indebted to Dr. William H. Moore for his
essential share in setting up the experiment, and to Dr. Morton
F. KapIon for initiating us in the gap-length determinations. We
take great pleasure in acknowledging the invaluable aid given by
our scanning and processing staff, R. Mildred Bracker, Margaret
D. Carter, Barbara M. Cozine, Jeanne C. Dennison, Mary C.
Hall, Alice C. Lea, and Jacqueline D. Leek.
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S= 2 {OI+O2),
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and kp(2, 0) and kp(2, 1) are given by Bethe, Brown, and Stehn. "
(A) denotes the expectation value of A. The dagger in Eq. (2)
signifies that in positronium, this vacuum polarization term is
1/10.

In positronium, there is no accidental n4 degeneracy. Hence,
the n' shifts must be added to the much larger n4 fs and hfs in
order to obtain the corrected level spacing. Table I gives the n4

corrections determined by Ferrell and the n' contributions we
have found.

TABLE I. Additions to the nonrelativistic 22 =2 level of positronium, Mc/sec.
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For the 2I' state:

A LL corrections of order ns to the I=2 energy levels of
positronium have been evaluated using the relativistic

two-body equation" with techniques recently proposed by
several authors. '4 The corrections arise from three sources:

~4
~5

Total

-18135 7413
357 232

-17778 7645

—3536—3
—3539

-981
1

—980

—5360—5
-5365

-10835—16
—10851


