102. Radiative hyperon decays 1
102. Radiative Hyperon Decays

Revised July 2011 by J.D. Jackson (LBNL).

The weak radiative decays of spin-1/2 hyperons, B; — B 7, yield information about
matrix elements (form factors) similar to that gained from weak hadronic decays. For a
polarized spin-1/2 hyperon decaying radiatively via a AQ = 0, AS = 1 transition, the
angular distribution of the direction p of the final spin-1/2 baryon in the hyperon rest
frame is IN N
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Here P; is the polarization of the decaying hyperon, and . is the asymmetry parameter.
In terms of the form factors Fy(q?), Fa(q?), and G(¢?) of the effective hadronic weak
electromagnetic vertex,
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where Fiyy = (m;—my)[Fo — F1/(m;+my)]. If the decaying hyperon is unpolarized, the
decay baryon has a longitudinal polarization given by Py = —ay [1].

(102.2)

The angular distribution for the weak hadronic decay, B; — By, has the same form
as Eq. (102.1), but of course with a different asymmetry parameter, a;. Now, however,
if the decaying hyperon is unpolarized, the decay baryon has a longitudinal polarization
given by Py = +ar [2,3]. The difference of sign is because the spins of the pion and
photon are different.

102.1. =% — A~ decay

The radiative decay 29 — A~y of an unpolarized =0 uses the hadronic decay A — pr— as
the analyzer. As noted above, the longitudinal polarization of the A will be P = —azp,.
Let a— be the A — pr™ asymmetry parameter and 5, be the angle, as seen in the A
rest frame, between the A line of flight and the proton momentum. Then the hadronic
version of Eq. (102.1) applied to the A — pn~ decay gives
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for the angular distribution of the proton in the A frame. Our current value, from the
CERN NA48/1 experiment [4], is azpy = —0.704 £ 0.019 4 0.064.

102.2. Z% — X0~ decay

The asymmetry parameter here, azy., is measured by following the decay chain

=0 — 20y, ¥0 — Ay, A — pr—. Again, for an unpolarized Z0, the longitudinal
polarization of the X° will be Py = —agzy. In the Y0 — Ay decay, a parity-conserving

magnetic-dipole transition, the polarization of the X0 is transferred to the A, as may be
seen as follows. Let fx;p be the angle seen in the X0 rest frame between the X9 line of
flight and the A momentum. For X0 helicity +1 /2, the probability amplitudes for positive
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and negative spin states of the 0 along the A momentum are cos(fx./2) and sin(fx;5 /2).
Then the amplitude for a negative helicity photon and a negative helicity A is cos(fx:4/2),
while the amplitude for positive helicities for the photon and A is sin(fx,/2). For %9

helicity —1/2, the amplitudes are interchanged. If the Y0 has longitudinal polarization
P, the probabilities for A helicities +1/2 are therefore

1 1
P(E1/2) = S(1F Po)cos?(0np /2) + 5 (14 Pe)sin®(0s0/2) ,  (102.4)
and the longitudinal polarization of the A is
Pp = —Ps cosfx,p = +azy cosfyp . (102.5)

Using Eq. (102.1) for the A — pr~ decay again, we get for the joint angular
distribution of the £0 — Av, A — pr~ chain,
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Our current average for azyy is —0.69 4+ 0.06 [4,5].
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