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SU(3) breaking in hyperon beta decays: A prediction for £°—3 *er
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On the basis of a previous analysis of hyperon semileptonic decay data, a prediction is presemtéf), for
in the EOHE*e;,B-decay. The analysis takes into account®UWreaking in this sector via the inclusion of
mass-driven corrections. A rather precise measurement of the above channel by the KTeV experiment at
Fermilab will shortly be available. Since the dependence on th@)Jldrameters- andD, is identical to that
of the neutrorB-decay, such a measurement will provide a rather stringent test (& @dd the models used
to describe its violation in these decays. The prediction given here for the above degadf,is 1.17, which
leads to a rate of 0.8010° s~ ! and thus a branching fraction of X320 4. [S0556-282(99)00701-9

PACS numbsgs): 13.30.Ce, 11.30.Hv, 13.88e, 23.40.Bw

I. INTRODUCTION Maskawa matrix element extracted from thevalues of the
eight super-allowed nuclegB-decay Fermi transitions is
In recent years the precision of experimental hyperorV 4=0.9740(5)[9]. This is to be compared with the values
semileptonic decay data has improved steafflly4] with V,¢=0.9795(20), from the neutron lifetime ad /f,, and
parameters and rates now known to within a few percentV,;=0.97584), from the so-calledK,; decays Vs
Indeed, the present accuracy demands an approach for apphk0.2188(16)[10]).
ing corrections due to the breaking of &) However, there The displacements from the central values are all very
are several methods proposed in the literature; all describemall, <0.2%. Thus, to neutralize the contribution of the
the data with varying degrees of success, from different startaeutron discrepancy to the globgd, a mean value fov 4 is
ing points and with differing output values for the parametersfirst extracted from the nucledr andK,; data. Then using
involved (e.g.,F andD). this value, a combined fit to thE, ., andg,/f, is made.
The imminent release of an entirely new branching ratio Finally, the errors of th&',, ,,, g;/f;, and mearV,4 values
that of 2°—-3*ew, will permit testing the various ap- are multiplied by the|x? so obtained; these are used in all
proaches. This channel is being studied by the KTeV experifits:
ment at Fermilalh5]. It is important to note that the angular

correlations will also be measuréfl]. It turns out that this I'(n—ply)=(1.1274-0.0055x 10 3 s 1, D
particular channel has an axial decay constant given by

0,/f1=F+D, which in the absence of 3B) breaking g,/f1=1.2601+0.0055, 2
would therefore be identical to that of neutr@adecay(by

far the most precisely knownThus, provided botd™ and V4= 0.9752+0.0007. 3
0,/f, are measured independently, such a channel can pro-

vide a sensitive test of the methods used to describe)SU lIl. SU (3) ANALYSES

symmetry breaking in this sector.
In Table Il the results of a series of fits to the hyperon
semileptonic decay-data are displayed: the symmetric fit uses
Il. HYPERON SEMILEPTONIC DECAY DATA three parameterd<, D andV,y), and the S(B) breaking is

The present situation with regard to the hyperon semilepf—jeScribecj by one further parame(described in the follow-

tonic decay(HSD) data is shown in Table |, which represents ing). We use th? mean value o.btained fr'om the cgmbined
the useful available knowledge. As discussed7h the dis- nuclear ft analysis ankd;s degays 3 st described, and impose
agreement between the neutron lifetime and the value dfi€ unitarity constraint Vi4+ V=1 (neglecting Vyp
g,/f, extracted fromB-decay angular correlatiorg] re- - 0-00330.0008[4]). The parametrizations of the &&)
quires some care, to avoid clouding the issue ofBUreak- breakl'ng used_ are the sp—cal!ed centgr-of—mass correction
ing. The present value of the neutron lifetime is 887.0[1 (fit A), which is described in detail if7], and an alter-
+2.0 sandy, /f, (from angular correlationgs 1.260125)* ~ hative breaking scheméit B), using an S(B) motivated

[4]; i.e., both are known independently to approximately™ass dependence for the axial couplinga].

0.2%. The value of the relevant Cabibbo-Kobayashi- APProach A is to apply center-of-mass or recoil correc-
tions to the axial coupling constant for the procéss Blv

according to the following formul@l3]:

*Email address: pgr@fis.unico.it 2
“The slight change in the value since the publicatiofirdfhas no gl:gfu(S) 1— (P9 H 3mB+ 3Ma
visible effect on any of the fits. 3mamg[4  8m,  8mg

] )
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TABLE I. The hyperon semi-leptonic data used in this analf#jsg, /f, indicates the value as extracted
from angular correlations. The last column shows thé33ttbrmula forg, /f;.

r (1 sh) g/t

Decay I=e” l=un" l=e" SU®R)
n—ply 1.1274+0.002% 1.2601+0.0025 F+D
A= ply 3.161+0.058 0.66:0.13 0.7180.015 F+D/3
S —nly 6.88+0.23 3.04:0.27 —0.340£0.017 F-D
ST LAY 0.387+0.018 _ \/ng
ST A0y 0.250+0.063 _ \/ng
=A% 3.35+0.37 2.1x2.1° 0.25+0.05 F-D/3
B30y 0.53+0.10 F+D

aThe rate is given in 10° s 1.

®As f,=0, the absolute expression fords given.
A scale factor of 2 is included, following the PDG practice for discrepant data.
9These data are not used in the fits.

A similar correction to the vector piece is entirely negligible tions applied in the above analysis.

(in accordance with the Ademollo-Gatto theor¢id]) and The values obtained are shown in Table Ill. Included in

thus heref; is taken to have its naive $8) CVC value. The the error for the branching fraction is the contribution from

mean momentum square@?), is calculated by Donoghue, the error on the total decay width of ti°, which is about

Holstein and Klim{{13] using a bag model to be 0.43 G&V 3%, the others are those returned by the global fit. The dif-

here it is left as a free parameter and is determined in fit A tderence between the two breaking fits, A and B, is an indi-

be 0.43-0.11 GeVf. The results for approach B are neces-cation of the expected systematic uncertainty arising from

sarily rather similar as it effectively corresponds to a linear-this type of description, and which we thus estimate to be

ization of Eq.(4). less than 3%. The spread is also small compared to the shift
As can be seen from Table Il, the data clearly indicate thdrom the nave values.

presence of S(B) breaking, which is well described by the

correction schemes adopted. Note also that the value of the V. CONCLUSIONS

ratio F/D is largely unaffected by the breaking, changing by

less than 2%, and should thus not be considered as an indi- First of all, as has been demonstrated in detail elsewhere

cator of the importance of SB) breaking. In both schemes a [12], the axial couplings extracted from the hyperon decays

possible additional breaking in thAS=1| decays has been are well described by a parametrization motivated by the

neglected; in previous fits this was found to be at most aboumass differences in the baryon octet. The results discussed

2%; in any case, it is essentially absorbed into the extractedbove permit a precise prediction for thE0 =S *er

value of siff and has negligible effect oR andD. B-decay: here both thg,/f; and the expected decay rate
have been presented. The values given may be compared to
IV. THE PREDICTION FOR =°_3*ep another prediction in the literature due to Flores-Mendieta,

Jenkins, and Manohdd5]. In a breaking scheme based on
At this point a prediction is possible for any of the re- the 1N, expansion, the authors cited find a value gar/f;

maining HSD’s: in particular, the°—3*er B-decay. considerably smaller than that predicted heres1.12 and
Since independent measurements of both the decay rate agg=1.02, org,/f;=0.91 (their fit B), which leads to a rate
the angular correlations should be obtained, this measuref 0.68<10° s™1. Their prediction for the S(B) parameters
ment will, in principle, simultaneously allow separate controlis F/D=0.46, to be compared with 0.57 above. In an alter-
over the smallness of the corrections associated with theative fit, wheref, is left at its SU3) value, they obtain
|AS=1| decaysassumed heyand of the validity of correc- g, /f,;=1.03 (their fit A) and 0.65<10° s 1. In either case

TABLE Il. SU(3) symmetric and breaking fits to the modified data, including the exterpglfrom
nuclearft andK,5 analysegsee the text for details

Parameters
Fit Vg F D x*/DOF F/D
Sym. 0.97490.0003 0.46%0.006 0.79& 0.006 2.3 0.582
A 0.9743+0.0004 0.466:0.006 0.8060.006 1.2 0.571
B 0.9744+0.0004 0.45% 0.006 0.807 0.006 1.2 0.571
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TABLE lll. The values obtained for the axial coupling((/f,),  for g, there. If such were the case, then the question would
rate ) and branching fractioiB) for the Z°—3 "ev g-decay. also arise as to the relevancegfin other decays, where the
The errors quoted are purely those returned by the fitting routine.experimental analysis has typically assumed it zero.
Thirdly, a paper often quoted in the literature as providing
Fit 9:/f; r (10° s7Y B(107%) evidence for large breaking effects, similar to those found in
[15], is that of Ehrnsperger and S¢br[17]. There the au-

Sym. 1.26 0.89+0.01 2.58-0.05 .
U anfte  Smom  asaos horsamdioconpuameeve coecont
B 1.14+0.03 0.78-0.03 2.26:0.12 9 )
@No serious error can be associated with the valug,df, in the F ( F\SU3 (Ma+mg) — (M, +m,) )
. . . RN a ; 5
symmetric fit as it should be precisely that of the neut@decay. D D (Ma+mg)+ (M + mp)

both g,/f; and the rate are considerably smaller than the ) o
results of the present analysis, which in turn are considerablyhereais found to be~2.7; thus, the limiting value d¥/D
smaller than a naive fit. Thus, the various possibilities shoulds 0.49+0.08 (note the large error However, since the
be distinguishable in an experiment with good statistics, sucRreaking is treated as affecting only the rafiéD and not
as KTeV. the sum, such a solution implies that tB@—3 *|v decay
It should perhaps be mentioned that the Flores-Mendiethasg, /f, identical to that of the neutron despite the enor-
et al. fit also includes data on the baryon decuplet nonlepmous mass shift.
tonic decays, which in fact dominate the final results. The Finally, before closing, let us recall another decay for
overall fit, according to the value of? returned, is rather which the rates and angular correlations are also expected to
poor. Moreover, their approach applied to the hyperon semihave very large corrections and thus to be highly sensitive to
leptonic decay data alone produces results similar to thos8U(3) breaking: namelyZ ~— 3 %ev. Here too, the fact that
reported in this papdrl6). g,/f;=F+D makes it highly desirable to improve on the
Secondly, in this analysis, as too[itb], the possibility of  present limited experimental knowledge for this process.
a weak electric ¢,) contribution has been neglected. It is
therefore worth remarking that experimental data on the
3.~ —nev B-decay2] indicate that such a second-class cur-
rent contribution may be non-negligible. Indeed, the data The author is most grateful to Professor E.C. Swallow for
marginally prefer a sizablg, and thus a much reduced value much helpful information and comments.
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