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DecayQ~— =~y and the Q™ Q™ y vertex
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We review the radiative decd) ~—E "~y assuming a general Lorentz covaridht ()~ y electromagnetic
vertex, beyond minimal coupling. We also consider the dependence on a parameter, related to the invariance
under contact transformations, of the Feynman rules.
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PACS numbsgps): 13.40.Hq, 13.30-a, 13.40.Em

. INTRODUCTION 1+13D
A;wz(D):g,ua-i_ T’}/MYQ (2)
The magnetic dipole moment of the spin-312° hyperon

is predicted to bg.g = —1.83 i, in the nonrelativistic quark s the contact transformation, depending on the paranieter
model [1], and uo=—5(My/Mq)up=-0.36 u, from  which is arbitrary except thdd # — 1. The invariance under
minimal coupling in the Rarita-Schwinger equation, wheregq. (2) is a consequence that the spin-1/2 component of the
up is the proton magnetic moment, aMj}, andMg, are the  field ,, must not mix with the spin-3/2 component. Further-
masses of the proton and of the omega particles. (€a-  mgre, the fieldy, is constrained to satisfy
tral) experimental valug2] is uo=—1.94 u,, showing that
the minimal coupling is far from giving the correct value. In = y",=0. ©)]
fact, not even for an elementary spin-3/2 particle does mini- o
mal coupling give the correct gyromagnetic ragie 2, mak-  1he propagator from Eq1) is given by
ing it necessary to add nonminimal couplings to render s
g=2, as has been emphasized in R&. In this Brief Re- iA, (p,D)= w
port we include two nonminimal terms, linear in the photon r p°—Mg
momentum and gauge invariant, in ti€)y vertex to adjust )
the theoretical expression far,, to satisfy the experimental With
value. This vertex is used to calculate the branching ratio for
the decayQ) ”— = ~y in order to determine the two param- 3 ,(p,D)=
eters introduced; however, we end with two possible sets of
values, requiring another observable to properly define the
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In Sec. Il we give the most general Lorentz and gauge 3M?z . ¢
invariant electromagnetic vertex for a spin-3/2 charged par- 2 2
1+D p°—Mg

ticle, along with other related Feynman rules. We also dis- _
cuss the dependence of this set of rules in the parameter 6(1+2D) M5
associated with the invariance of any sp#3/2 theory under
contact transformations. With this in hand we calculate in
Sec. Ill the radiative deca2 = — &~ .

2Y,P,+27,P,

1+D
—2Mqy,v,— mm(ﬁ—ZMn)% :
(5)

The minimal coupling receipt,—d,—ieA, in Eq. (1)
gives the electromagnetic interaction vertex

Il. THE MAGNETIC DIPOLE MOMENT OF A SPIN-3/2
CHARGED PARTICLE

A spin-3/2 particle can be formulatdd] by the Rarita-

Schwinger vector-spinor fielgr, . The most general form of iel,,q(D)= A\ (D)I}7A ,4(D), (6)
the free particle Rarita-Schwinger Lagrangian is given by
where
L= FPO0A (D) g¥( 6= M)+ =i (5 dyP— yeoh VIR VO CH PRE PSR
0 ne o) T 3Ny er Y T=0"y,t 37 %y~ 30V e+ ye,). ()

A, (D) (%), (1) In Eq. (6) the index is related to the photoA,,, and the
indexesv and « are related to the incoming and outgoing
spin-3/2 particles in the vertex. As has been shown in Ref.

where [3] the magnetic dipole moment obtained from Eg). is

1
—YPo") + gMay*yP
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2 e the third one can be computed from gauge invariance, and
T the last one vanishes due to conservatiob agfpin. Thus, we
o have for the first one the amplitude
__E % Mp - (8 M1=U(p2)W (p2,D)A*P
3\ Mg/ P arte

X(p1—k,D)I's,,(D)u” “(k), 14
Thus, we need to add nonminimal terms to get the correct (P1 (DI (e k) 4
value for uq . This can be done considering terms linear inwherepl=p2+ k, p,, andk are the momenta ™, =,
the photon momentum, consistent with gauge invariance and the photon, respectively. After substitution of the tensors
1 1 previously defined, and using EB), one obtaing7]
L=y, + 37 vy~ 3(¥Y'gi+ 77,

ie
My=——u(p)(A+Bys)pr, AP

+ L(k)\g(r_ k(rgk)_’_ K_,g)\rrk (9) MQ
VPR TP X (p1=K)T g, u"(py) e (K) (15
In this way, we obtain for the magnetic dipole moment theand the parameted has been canceled out. For the other
expression contribution one can write
. _(% " §+K+K, (103 My=ieu(ps)G,,(p1— KU (pe (k). (16)
Q
) ) Adding Egs.(15) and (16) and imposing gauge invariance
and, using the experimental value one obtains for the tens@,,,(p,—k) the expressiofig]
k+k'=2.79. (10b) 1
G,u(p1—K)=—=—(A+Bys5)g,,. 17
To calculate the deca ~— = ~y we also need the Feyn- i Mo o

man rule for the verteX) ™= ~. This was done in Ref4],

which after taking into account E@2) this results in Finally, we get for the total amplitude

i ie _
WV(p,D)=M—Q(A+ Bys)p A, (D). (11 M=M—Q u(p2)(A+Bys)| M0, — 7Ky = P29,

In Ref.[4] the factorsA andB are named parity-violating
and parity-conserving amplitudes, while in RE3] they are
namedp- andd-wave amplitudes, which are parity conserv- ,
ing and pari.ty violating, respectiveIX(Thia apparent c;ontra— + K_(pg_ B2y*) 0Ky
dictory naming of these parameters resides in that in [Réf. M e
the pion odd parity has been explicitly taken into accunt. )

The values ofA andB can be obtained from the experimen- The decay rate from Eq18) is

tal decay rate and the asymmetry parameter of the decay

Q‘H.E‘WO. The asymmetry parameter for this decay is rQ —E y)= iMQR(l—RZ)‘?(2(A2+BZ)(3+R2)
consisten{6] with zero, implying thatA or B are zero. Then 12

the experimental value fdr(Q~—Z~ #°) gives

K
+ M_Q(pZ - p27a)(gaukv_ gVMka)

u’(pyet(k). (18

+ k[A?(1+8R—R?)+B%(1-8R—R?)]
A=1.17x10"% if B=0 (12 2
+ —[A%2(1-R)(2— R+3R?-2R3®)
and 2
— -5 _
B=1.27x10"> if A=0, (13 +BZ(1+R)(2+R+3R2—2R3)]], (19

whereA andB have been assumed real.
where R=Mz=/Mg, and no contribution fromx’ is ob-

Ill. THE DECAY Q —E"y tained. Using the physical masses, the branching ratio can be
written as
As was shown in Ref4] there are four possible Feynman
diagrams contributing to the radiative dec&/ —Z" v, B(Q~—E y)=0.067-0.061%+0.011%%  (20)

one where the photon is emitted by the, one from=~

photon emission, one from emission of the photon from the&or B=0, and

weak vertex, and one where the photon is emitted from the

E~* pole. However, due to E¢3) the second one vanishes, B(Q)™—E y)=7.869+6.453+3.577? (21
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for A=0. If one assume8(Q)~—E ~y)=0.002 to be the
upper experimental value, E(R1) leads to a complex value
for «, while Eg.(20) leads to

k=1.44 or k=4.10 (22
which in turn leads to
k'=1.35 for k=1.44 (23
or
k'=-1.31 for xk=4.10 (29
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consistent with Eq(10b). Then, we have two possible sets of
values fork and «', requiring another observable, like the
electric quadrupole moment, to pick up the correct one.

ACKNOWLEDGMENTS

The author wishes to thank Dr. Gabriel pez for a very
illuminating discussion and to Comisiale Operacio y Fo-
mento de las Actividades Acaahécas del I. P. N. for partial
support.

[1] L. Brekke and J. Rosner, Comments Nucl. Part. Ph{s.83
(1988.

[2] H. T. Diehl et al, Phys. Rev. Lett67, 804 (1991).

[3] S. Ferrara, M. Porrati, and V. L. Telegdi, Phys. Rev4B
3529(1992.

[4] L. M. Ram Mohan, Phys. Rev. B, 2148(1971J).

[5] Y. Hara, Phys. Revl50, 1175(1966.

[6] Particle Data Group, L. Montanet al,, Phys. Rev. [0, 1173
(1994).

[7] Equation(15) is the amplitude foD = — 3. This is so because

to get Eq.(1) we started from the Rarita-Schwinger Lagrang-
ian and then we performed the transformation in &9

[8] The usual way to get Eq17) is via the principle of minimal
coupling in Eq.(11) of the vertexQ) " E~, giving the result
G,u(P1—Kk,D)=—(1My) (A+Bys)A,,(D). This proce-
dure involves a little more algebra to get the result in @4)
after taking into account the constraints in E8).
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