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Leptonic Decay of Polarized @~ Particles*
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A previous calculation of the leptonic decay of the §+ Q™ particle assuming the most general interaction is
extended to the case of a polarized Q. The differential rate is given and the angular distribution of the & is
calculated for the decay @~ — E°+-e4-. It is found to depend on three parameters which can be experi-

mentally determined.

IN a previous paper! (hereafter referred as I) the lep-
tonic decay

QG — E4I45, I=p,e (1)
of unpolarized @’s has been calculated and some results
of the calculation have been reported. It has further-
more been pointed out that more detailed information
about the structure of the interaction can be obtained
from the analysis of the decay of polarized @’s.

It is the purpose of this paper to report the result of
such a calculation.

The starting Hamiltonian is the same as in I
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P, M and p, m being the four-momentum and the mass,
respectively, of the @~ and of the & particle; fi(i=1—75)
are form factors. E, /, » are usual %-spin operators,
whereas , is a §-spin operator.

Using the same technique and notation as in I, we
adopt for the £-spinor the Rarita-Schwinger representa-
tion.2 The orthonormal positive-energy spin state of
polarization £ is obtained®* as a Clebsch-Gordan com-
bination of the positive energy %-spinors Q+ (spin parallel
and antiparallel, respectively, to the quantization axis)
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with the polarization unit four-vectors

B =(1/v2)(1,:,0,0),

h®=(1/V2)(1, —14,0,0), 4)

7@ = (0,0,1,0).
Thus, we have

Qf=H B (5

with
H,"=(1/v2)(1,3,0,0), F,W=0,
H,®=0, F,®=(1/v2)(1,—14,0,0),

H,®= (1/\/6)(1y _ia 01 O) ) F,®= (2/3)1/2(0)011;0) )
H,=(2/3)12(0,0,1,0), F,®W=—(1/4/6)(1,:,0,0). (6)

To obtain transition probabilities, after squaring (2), we
must put the products ©,{Q,¢ in a convenient form. With
this aim we use the step operators (in the @ operator
lower indexes refer to energy and upper indexes refer
to spin)

O_Q++=Q+_

O +Q+— = Q++ (7)

which in our representation turn out to be

YsYo
—‘—_(%1’)’2— nay1) ,
:i:n1+i1’l2 (8)

n=P/|P|.

O:F=

Moreover, we will need spin projection operators
Sy =Q,F
so,=0r ©
which are given by
Sa=3(1=4ysvoy n) (10)
and the energy projection operator
AQ=0,

Ay= (M‘Jr"Y#Pu)/ZM-
Using (5), (7), (9), (11) we find

Q80,6 = 3 [ (H,4H -+ F,4H +0_)S,
+ (F,AF &%+ H,AF $+0,)S_ A, Qi

(11)
(12)

given by
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Now, with the help of (8), (10), (12), then going into
the coordinate frame defined by n=(0,0,P/|P|) and
finally going to the rest system of the @ we obtain
QE=1R U702 i QY (14)
with
wa = Lvus'—' inuE'Yl'Y2+iA7yp£'Y2"/3+Oqu'YS'YI
and
L“ﬁ: HVEH“E*_}_F”SFPS* , My“\E:FyEF”E*_HyEH“E* s
N,b=HAF S5 FAH 8 O,,8=F H b — HiF b
The expressions (14), (15), (16) solve completely the
problem of expressing matrix elements involving arbi-
trarily polarized $-spin states in terms of matrix ele-
ments involving only normal %-spin states. Therefore,
from this point on, the usual spin-} projection and trace
technique can be used, to calculate the matrix elements.
For a completely polarized 2, (14) becomes

Qvlﬁnl = %Rvul(1+’Yo)Zi=14 ngz
with R,,! given by (15) and
L= =M, =3(0u— eous); vu=1,2,
N,=0,=0.
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Introducing (14’) in the square matrix element, using
the said techniques, and making the same approximation
as in I (namely, neglecting terms of order p2/m?) we

find
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an
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m, w, p being the mass, energy, and momentum of the
E; u, w, k those of the lepton; and «’, k’ the energy and
momentum of the neutrino.

Now we note again that the ratio w/m is very close
to 1 so that, in this approximation

(2r) K G 4% (f1+ f2)?
Ky/>~0
@y KeGA'G (it (' +12),
R=M’ R2=1( fs + /fﬁ /)’ (23)
fitfe 2\fi+f: fi'+fe
and (18) becomes

(/@) | M si| >Q2m ) K1[ (F o+ (2R/m)Fr)
—p(psFo— (2Re/m)F5) ],

(22)

(24)
with

p=(Ko/K))=[Gv'(f' + ) VLG4 (it f2)].
The decay rate is given by

(25)

r= / & [ Lo+ QR/m)T1—p(psTs— (2Ro/m)I)] (26)

with
Ii=/64(P—p—k—k’)Fi &k k. (27)
For the electronic decay
@ — E'tetv (28)

neglecting the electron mass and calling 6 the angle be-
tween E and the direction of polarization, the angular
distribution is found to be of the form

1 4r
— = a+b cosf+c cos?6+d cos®d,  (29)
T d cosf
with
3 Ji(1—3R)+J,
g=——,
22J7:(1—%R)+3J.
320[Js(1—2Ry)+J 4]
2 27,(1—iR)+37,
(30)

3 Ji(1—1iR)
T2 (3R 37,
3 2pJ5(1—2R,)
-3+ as

where the J¢s are integrals which have been evaluated
numerically and whose values are

J1=1.96, J2=331,
Js=411X10"1, J,=5.18X10"1.

(31
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As soon as the experimental data become available, a
best fit of the coefficients a, b, ¢, d will lead to the evalua-
tion of the ratios R, R; and p. It is in particular inter-
esting to look at the forward-backward yields. From
(29) indeed, one obtains, integrating separately in the
forward and backward directions

3 J3(1—2Ry)+2J,

To—T,
227, (1=1R) L3,

IvtTy

pX. (32)
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f’s are of the order of unity (which seems not unreason-
able), then the factor X in (32) is a positive slowly vary-
ing function of R and R,, and (T'y;—T)/(T'y+T;) de-
pends linearly on p (which is substantially the ratio be-
tween the vector and the axial-vector coupling constant)
thus allowing the determination of its sign and of its
order of magnitude.

Many thanks are due to Professor L. Brown for help-
ful discussions and for reading the manuscript.

g Note added in proof: After the present paper was sub-

If, for instance, one makes the assumption that in the )

mitted, a work of J. Jellin about the electronic decay

static limit f14 f» and fi’+ f2’ are nonzero and that the ®of the O has appeared in Phys. Rev. 135B, 1203 (1964).
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The residue of the one-photon exchange pole in the amplitude for the scattering of massive particles is
calculated, using only generalized unitarity and the correspondence of particles to representations of the
proper inhomogeneous Lorentz group. It is found that magnetic monopole coupling results in a residue
which contains square-root singularities. Such a nonanalytic term is incompatible with the analyticity as-
sumptions of S-matrix theory, and if it were present, the photon would appear in the annihilation channel
as an intermediate state in all partial waves instead of only one. This behavior is theoretically implausible
and discourages further experimental search for magnetic monopoles.

VER since Dirac advanced the theory of magnetic
monopoles to explain quantization of electric
charge,! experimentalists have sought for monopole
particles, but always with negative results.? We wish to
show here that the existence of such particles contra-
dicts our most elementary notions of the properties of
scattering amplitudes, in particular their simplest
analyticity properties. The argument relies upon (a)
the identification of particles with irreducible repre-
sentations of the connected Lorentz group (i.e., without
parity or time reversal) and (b) the factorization of the
photon pole in a scattering amplitude.

Consider the three-particle vertex at which a particle
of momentum p; and mass M0 emits a photon of
momentum % and is left with momentum p;. The
momentum four-vectors are defined on the complex
manifold for which conservation and mass-shell condi-
tions are satisfied identically, k= p1— ps, pi2= pa*=M?,
k?=0. Then P=p,+p, satisfies P?=4M?, P-k=0. We
suppose for simplicity that the massive particle has
spin zero, although the argument becomes applicable
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to general spin by using the appropriate vertex
function.?

It has been shown, using (a) only,* that a photon leg
on an amplitude corresponds to antisymmetric tensor
indices for which Maxwell’s equations in a vacuum are
satisfied. Since the massive particle has spin zero, the
desired amplitude is just such a tensor M, whose most
general form® may be written

M,“,=a(k,‘P,,—-P,.k,,)+ﬁe,,,,,()\k"P)‘ , 1

where @ and 8 are complex constants representing,
respectively, electric and magnetic monopole coupling.
If the massive particle had nonzero spin, higher order
multipole terms would also be present.

Any solution to Maxwell’s equations may be written

My,=kJ,—kJ,, )

where J is determined modulo % and satisfies £2-J=0.
To find the J corresponding to Eq. (1), contract
Egs. (1) and (2) with an arbitrary four-vector ¢ and
equate the results, dropping terms proportional to k.
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