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DECAY OF THE 7 -MESON
M. Ruderman¥®

Radiation Laboratory, Physics Department
~ University of California, Berkeley, California
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The decay of the charged #“-meson through virtual nucleon pairs
and the annihilation of a pair with the creation of a neutrino and an
electron or /.c.—meson is permitted by the accebted couplings between
vthese'pérticlesl. 'Coﬁsefvation of angular momentum and parity
togéther with Fﬁrry's theorem2 forbid the decay for most choices of
the meson field and the ﬁ—decay coupli‘ng. The forb;'.ddenness is
independent of perturbation theoryBI. Assuming the 77 to be a
péeudo»sca.]..af meson at rest, in Order that the final spinor pair
'have the same transformation propefties under reflection and rotation
as thé»ﬂ",‘ the ﬂ—cou’pling must be ‘°(l %, °(3 or e(l.°f2°(3 L
Therefore only the axial vector or pseudoscalar P-decay theories
can lead to the pseudoscalar ) —> e, ) deca L’.

| If electrons and #7’-mesons are simiiarly coupled to nucleons,
a pseudoscalar matrix element in ﬂ-decay ieads to an electro-n decay

" five times as often as a f4 decay. For axial vector it has been |

shownl that the matrix element involves
_ (p))

% e | |
7/’.__7/4,-,) is then ].'01+ times as probable as 7’—> e, 3 . Any

mixture of scalar, vector, axial vector, and tensor is-not in

contradic¢tion with experiment .

Y - .
Work initiated at.the California Institute of Technology.
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The decay of the pseﬁdoscalar 7/ into a phcﬂ;on and electron
(or a p -meson) and a neﬁtrino is not limited by such rigid selection
E »ruies.' For axial vectér ﬂ—decay this mode visvmore probable than
#’—_99 s, %/ because of the‘latter's singulérly small matrix element .
‘The _eﬁli;ésion of a photon by the 77 or the electron in Figs. (1b)
‘:a"nd‘: ('l_d)‘ dvo‘es ‘not alter any of the selection i'ules forbidding the
B ‘non.-rédiative' decéy. Only the graph of Fig. (lc) ca)n contribute.
'F.o'r %re_ctor-' /3 _qécay and direct meson coupling the matrix elemenf

for #”—>e + ¥+ a photon of momentum }(J'and polarization g, is

b s
d p l”ég gﬁ Spur 6 1 e, 1l
(27/) (b, E.K) |

(1)
c}u ’is the meson L-vector. The decay rate is
-1 |
7 H (&) () (s 7» (2;)
2 2 -1 ' ‘ ‘
- L x10 g sec, o : - (2)

-49

for 10 erg (:m3 .

.g‘ﬂ =

. ‘ -4 -
The lifetime is between 6 x 10 and 6 x 10 sec. corresponding
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to av g2' of 4 or 4O, Graaient coupling gives a divergent matrix
.element fOr'(l) spoiling the equivalence theorem. Tensor | /Q—decay
divefgés for both couplings., Conservation of angular momentum and
parity still forbid a decay through scalar F-decay.
“‘_ g Fof axial vector f?-coupling the emission of a photon by
the elecﬁfpn as in Fig. (1b) is expected to be morevprobable than
'.QmiSSiQn'By the_heav& nucleon or ZV;J.(Emiséion from the 77 does
.,noﬁ altervthe‘véry small matrix element associated with thqvlg.;decay.)
| 'ifvthélﬁa and:eléct?on are assumed to have the same axial vector
’ '_"c'oupli_rig with nuéleons the ratio (F—>e+v + ¥ ) : (W"—-?/A +%/)
) ié'again iﬁdependent of the perturbation treatment of the meson
- field and thé diﬁergent integrals arising in the sepérate calcﬁlation
: Qf ééchvlifetime. The ratio of the probability for radiative 7/ - e

.decay'tO‘nonfradiative Zﬁ-‘/b decay is

C %;V)'(B.l)- = 5.7x107 ‘ @

A symmétrical coupling scheme with axial vector coupling predicts
oneinon-radiative electron decay and over 10 radiative electron
decays for every th v -l;tdecays. Thé ambiguities érising from
the divergences and the pseuddscalar direct COupling constant preclude
conclusions for ﬁector and tensor /? -coupling. |

| I ﬁish,to thank Professor R. P.AFeynmah for helpful discussion.
This work was performed under the auspices of the Atomic Energy

- Commission.
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| 3;_fiftFurrjfs théorem fbrbids thé Féynman graph of Fig. (ia), it
.‘waill aléo forbid éll more.complek grabhs. Except for the |
 origiﬁéi ﬁeson line, for every mesoh emitted from a closed
 f1oop, one is also absorbed so that the‘"e#enness" or "oddnesé"
"Qf:the:matrix‘element is unchanged. Fof.exact_cancellation of
: grapﬁs with én odd humber of "even" operators it is necessary
"to'aSSume that»the'squqre §f the coupling constant between neutral
':gmesons.énd protons is equal to that between neutrals and heutrons.
' 'A11 of.thé forbidden ¢a$es of Ref, (1) except scalar mesons with

. vgradientICOupling'and vectoz"ﬁ?vdecay vanish to all. orders.

'LQ, If one adopts thé spinpr reflection rule of Yang and Tiomno,

| Phys. Rev;'zg, 496 (1950), their interactions (12) and (13)
arei the_abprOPriate ones‘. Referring the F—decay labeling to
“the proton—néutron coﬁpling our resuits are independent of the

\

P o and ¥/ inversion property.
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FIGURE CAPTION

. Figure 1: Feynman's diagrams contributing to charged #” decay.
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