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We compute the transition rate for polarized states in the decay of a spin-3/2 particle hyperon intd &4mnyon and a spin-0 meson.
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Calculamos la ram de transidn para estados polarizados en los decaimientos de hiperonesin@/&sen un bafin de es-1/2 y un
meon de esm-0.

Descriptores:Estados polarizados; hiperones;@azle transidn.

PACS: 14.20.Jn; 13.88.+e

1. Introduction spin-1/2 baryon and a spin-0 meson, which as a typical ex-
ample is the decap)~ — =%r—. Ten years ago th@~
Polarization of particles plays an important role in under-magnetic dipole moment was measured [3]. Our work com-
standing particle interactions, in the study of angular distribupjements the result in Ref. 4, where the analogous result of
tions of the decay products when a polarized particle disinteref. 1 j.e, the relation between the spins of the parent spin-
grates, and in measurements of the electromagnetic moments and the daughter spin-1/2 hyperons is reported.
Polarization of a spin-1/2 particle is described by a vector, |y Sec. 2, we review the Rarita-Schwinger equation and
which is related to the spin of the particle. Polarization of agome of the properties of the spin-3/2 particle. There we cal-
spin-3/2 particle is described by a vector, and quadrupole angjate the analogous formula to Eq. (1). In Sec. 3, we con-
octupole tensors, and so on. sider two possible experimental situations for the polarized
For a spin-1/2 baryon (4-momentum) decaying into  spin-3/2 particle, and present our conclusions.
another spin-1/2 baryon (4-momentys), and a spin-0 me-

son (4-momentunk), a relation between the polarization . .
vector of the parent baryon and that of the daughter is wel?- Spin-3/2 particle

known [1], and the transition rate is given by [2] A spin-3/2 particle can be describeda |4 Rarita-

R=14vywy w1+ (1—7)ws -nwy-n Schwinger [5], by a vector-spinor wave functign,, con-
structed by the combination of a Dirac spinor (spin-1/2) and

+a(wy - nt+wi-n) 4w xwi) -, (1) 4 proca vector (spin-1). In momentum space we can write for

where this vector-spinor [6]
2R(sp*)
=55 (2a) 1 3
|5| +|p‘ u,u(p7)\) :Z 1§7a/6 5)\ Eﬂ(ﬂ“)”(}%ﬁ): (3)
s[>+ [p[*’ where A\, and 8 are the helicities of the vector-spinor
and 9 9 u,(p, A), vectore,(p, «) and spinoru(p, 5), respectively.
= %_ (2¢) The coefficients in Eqg. (3) are the Clebsh-Gordan symbols.
Is|” + |pl Rarita-Schwinger equation must be satisfied
In EqQ. (1),w; (w2) is a unit vector in the direction of ini- o
tial (final) baryon spin. The vectat = py/|pa|, s = A (Y*Pa — m)uu(p, A) =0, 4)

andp = [pz| B/(Ez + M), with A and B constants related  gjong with the restriction equations
to the scalar and pseudoscalar couplings. The hyperon mag-
netic dipole moment may be determined by allowing polar- Y, (p, A) = 0,
ized hyperons to undergo Larmor spin precession in a known P (p, A) = 0 )
magnetic field and detecting the change in decay asymme- r ’
try. This results following Eq. (1) after summing over final which removes the unwanted spin-1/2 components, arising
baryon polarization. from the combination®i=3®1.

The purpose of this short note is to present the analogous The spin-energy projection operator for spin-3/2 is given
result to Eq. (1), for the decay of a spin-3/2 hyperon into aby [7]:
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with
I
a = 5Ky + Ko + Kg) + 3k1K2Ks which can be rewritten as
4kl ’
K1K2 + KoR3 + K3K1
ag = y
2|x|
2 v _ _
az = mﬁ'{‘”’, M| = E*EY [, (p1)], [ (p1)] , [w(p2)] [(p2)],,
K
where X(A* + B*v5)ap(A — BY5)op.  (9)
K1 = kg = kg = %1 Replacing Egs. (6) and (7) into Eq. (9) we obtain
fork = :I:%,
2 _ gpv Y p2r + ma
K1 = Rg = —R3 = +1 ‘M| = Kok {Z(pl)y'u}pa |: 2m2
fork = +1
3 1+ 9577 s2, « *
x”‘?ﬂ (A" + B™35)as(A — Bs)ay
Bo
T T_|_
W= Byt — I, = k'k“Tr |:Z(p1)wt(f4* + Brys)
2
9 9
wp = ZphpvpP — Z ([PRpY 4 [PYpl 4 TP 1 .
n 511" = 15 U7 ] n’) y +7527 2704~ 3y 10)
o w  PMPY
= -9 + m2 )

This, Eqg. (10), is the expression to be simplified; we will
andn* is the spin 4-vector. We also need the spin-energyf© this in reference system of the decaying particle. Our def-

projection operator for spin-1/2 [7] initions are
_ _ M+ 7"Pa L M
ulp, K)ul(p, #) = — [1 AP ] - (M o= (m,0),
With this at hand, we can now compute the polarization tran- = (Eap2),
sition decay rate for the process spin-3/2pin-1/2+spin-O0. _
We start with the amplitude [8] kKt = (w, k)= (mi — Ea, —p2),
M =u(p2)(A — Bys)kuu' (p1). 8 s = (0,wr),
The couplingsA and B are parity conserving and parity vio- M- (pz w2 P2 - W2 ps)
lating, respectively. Next, we calculate 2 T e (By +mg)

IM* =7, (p1) (A" + B*y5)k u(ps)

B , where, againw, (ws) is a unit vector in the direction of ini-
xU(p2)(A — Bys)kou” (p1), tial (final) baryon spin, anth = p,/ |p2|. Performing Dirac

algebrain Eq. (10) we find that
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2 Ey+ms 2 2, 4 2 2 2 2 2
M= =2 |p2|{|p| 14+ 2 (IpP = 1d* ) wo - w1 = (Il +1d]*) (w1 - n)
FE
— (1P = 1P (@ 0w w0 + 272 102 [ Ty m)wr - m) — (w1 -m)Pws o m
mao 5

F2R) | D m) 4o n o) e mobinm)| 2800) £ ()| n (o e} )

We have oriented the spin of decaying particle along poswhich are thep—wave andd—wave contributions, respec-

itive z axis, and defined tively.
To get the transition rate we divide Eq. (11) by the corre-
p=A4, sponding expression summed over spins,
B
d= ——— 2 FEad+mg
By b g P2 MP = 2R (o +1dP) . (@12)

| Then, the transition rate is given by

2 7 2 7 Ey+my |d
R=1+2~P. ‘p. . “8n- P+ =
+27 w2+a<10 n -+ wp n>+35n (w2 x )+10 2 P+ ]dP

(P-n)(ws - n)

1

[ominjnk — Bnindnge*Fwy —yniniwl — Batme |d ninink(wy - n)
S 2
6 ma |p[+ |d]”

o .
75 (1 + wsy - Il) TlZTLJQij + R,‘jk, (13)

where a, 3, and v are defined as in Eq. (2), except

that s and p are replaced by and d, respectively. In  showing that the spin-1/2 particle has longitudinal polariza-
Eq. (13) we have introduced the spin-3/2 polarization vection «, in exact parallelism to the nonleptonic decays of spin-

tor P = (0,P) = (0,2w:), the symmetric quadrupole 1/2 hyperons. Second, if the final baryon is not polarized,
polarization tenso®™ = Q% = 0,QY = 2wjw{, Eq.(13) now gives

and the octupole polarization tensBf®® = R%J = 0,

RU* = 9uwiw]wh.

7 1 . o
R=1+ EQP ‘n— 50&’01”]@@' + %nlnjnkRijk

3. Conclusions

B 7 1 . 3 X
_1+a{10Pn 4(P n)+16(P n)’|. (15)

Equation (13) is the analogous result, for the nonleptonic de-
cays of a spin-3/2 hyperon, to the Lee-Yang formula for thegypiniting a more complicated asymmetry in the emission of
nonleptonic decays of spin-1/2 hyperons [2]. The more cOM¢yq final baryon than in the spin-1/2 case.

plicated result for spin-3/2 is a consequence of the more com-

plex structure of the spin-3/2 particle. Now, we consider two

cases of interest. First, if we assume that the spin-3/2 particlz
is not initially polarized, Eq. (13) reduces to cknowledgments
R=1+aw;-n, (14)
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