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Abstract

Ths contribution of barion resonances to the = —» od
decay amplitide is calculated in the fraasework of the bag mo-
del. The amplituls oLtaeined ie not congistent with ite experi-
mental values



1. Introduction

The weak radiative decays of hyperongswith 4.5 = 1 are of
congiderable interest since they can provide information on
the nonleptonic weak interactions. By now the rate of = -'///
and ,Z'—r/D/ decays as well as the asymmetry parameter for
b okt oL which characterizeas the cirrelatinn between the pro-
ton momentum and the spin of the = ~, have been experimentally
meazured. A lot of theoretical papers are devoted to the calcu~
lation of the asyrmetry parameter and reate of theSZpydecay (see
the cited references ia f1/)e it is known from the experiment
/1/ that
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As for the decay rate of f ,0‘/ it ie apparently a
well established quantity but the asymmetry paramneter has besn
measured within poor accuracy and varies from experiment to
experiment.

Tha mnat general form of the Hamiltonim. which deacribaa the

/?/ deca.:r. is as follows:

Y= € Lo (AT, S faw 45 (2)

where /‘j:rw is the electromagnetic field atrangth tensors The
decay rate /'7&.11:1 the agymmetry paramate:- =< are expressed
via A and C as followse:
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where () 1is the photon energy, fis the epin of Z"r: /3 ie

= fRRELRZE) 77T

3



the unit vector along the momentum direction of the proton.

~ The calculation based on the single-quark iransition
S+ 7y (Pig. 1) /2/ gives rise t6 the = 75z amplitude which
is one order of magnituce less than the experimental one. The
contribution of barion reponances to the smplitude decay under
coiteideration is ghown in Fige. 2 and 3. The ecrosa is used to
denote the weak interaction inside a hadron. As shown in the
quark diagrams (Figs. 4,5,6), it ia due to the weak two-guark
interaction snd to the interaction of the quarx with the gluon
field of & hadron. To calculate their contribution to the effec-
tive Hamiltonian (2), it is necessary to make upe of a model of
hadrons because these diegrams refer to long distences. In
Ref. /3/ the contribution of baryon resonances to the P-odd am-
plitude has been celculated in the framework of the bag model.
The result obtained in /3/ ig in good agreement with the experi-
mente.

Note that the problem with the matching between the calcu-
lated value of the f-r/af decay amplitude snd its e%perimen-
tal velue ig a very gerious one. Indeed, one of the yitempts to
introduce *he right-hended curronte was motivated py the aim to
obtein the = 7= o  decsy amplitude colnciding with the expe-
rimental one. In the present paper the ~ - even and /4 - odd
amplitudes determined by graphs 4 imd 5 are celculated within
the bag model. The value obtalfied is of the same order of mag-
nitude as the single-quark amplitude. The bag's parameters have
been taken the same as ia /3/. The value of the 4 - odd empli-
tude ig distinguished from that obtained in Ref. /3/ by one or-
der of magnitude.

2+ The coniribution of baryon resonances

Before calculating the contribution of baryon resonances
to the .Z"’ﬁ—r/ﬂf decay smplitude a bag model has to be briefly
described.

The quarks in the bag are described by the Dirac equation

/- ?/?*Mg/ﬁ- -2 )

Confinement of the guarks ieg provided by the boundary conditi-
one

z’f?’/}’ﬂ}'y :
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where #7 is the unit vector normal to the bag's surfacs, /2
is the bag's constant. The bag is assumed to be spherically-
shaped. The solution of equation (4) has the form:
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where .f#/*f/""/fré’ff , 4 1is the totel monent, 2 is
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tiwe orbital moment, /:,5/‘-— Frgis J’Z/’/m is the spherical spincxn,

/< (f%)is the Bessel function, &= Z%Zm? , £ end /7 are
the energy and mase of a quark, respectively. If the guarks
have /': Jf s then from the normelizetion condition
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where ,/f; is the bag radius. Conditions (5) in thie case reduce
to the followlng equations: l
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where .23' iz the sgum over all the quarks in a hadron.
s

(9)

The effective Hamiltonian of the weak two-quark interacti-

on { /S5 = 1) with teking into acecount the strong interactions
is of the form /f4/:
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Py b 2 (10)
e R _:_S'_fff o /‘_775

where 5’2»_ is the Cabibbo angle, 7?7+ 1s the mass of the W/ -
- baaan,/vfﬁ, + /1 13 the infrared parsmeter. In the Hamil-
tonian (10) the strong interactions are taken into account un-
der the aspumption that the J’.V/?j gymmetry is valid up to/-
The more precise calculation, whea the intermediate scale »77.
(M. ig the mass of the C - quark) /5/ is introduced, gives
rige to sppearing the operators with right-handed currents. Ho-
wever, they sppear with small coefficients /5/, end in diagrams
4 and 5 they are not enhanced in comparison with the operators

without right-handed currents. In this connection, we make use
of the effective Hamiltonian (10) in our calculation.

Let us proceed now to a celculation of the E'f-ﬁ/daaay
amplitude. The main contribut’on to the f’ - avan amplitude is
determined by the intermediate states.” and , . The resulting
formula for ,/ is as follows:
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The integral determining the wesk P-even iwo-quark interaction
has the form:
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where z:, /, £ / are the quarks in the ..S";s‘.:. state. An expressi-
on for the magnetic dipole trensition is given by the follo-
wing formula:

/j/ ng_?g_’/ /‘;;;f‘:‘ /?/}fﬁfﬁ/f

(13)
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Indices }’ end € in (11) stende for the u-, d- and s-quarks,
1&51:531‘-1?313} Vet and ,Z/’are the magnetic quark moments for

- - :
the #“4""and 7~ " transitions, respectively. In calculating
(11) with the bag parameters taken from the paper /6/, one
finds:

e '
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The contributione from the other resonances may be neglected.
The contribution to the P-odd amplitude is due to the ;.?’:

gtates. From experiment there are known nonstrange resonances,
.5}; (1535), f;f (1700}, J}; (1650), and one strange resonance
j};UTSG}. The bag model predicts /7/ three nonsitrange states,
A4 (1327), /f? (1275), o {(1362), and three strange states, _
=, 1445), =, (1517), = 2 (1473)« The contribution of the 5
resonances to a decay amplitude depends strongly on that what
numbers are employed. It ig clear that the experimental numbers
are more preferable, then E:__,,. ~ L pr = = 0:440 GeV with en
accuracy of about 20% and £,--5 »=~-0.810 GeV. Neglecting

the differeace in energies of the ,# “regonances eni g'&ﬂ'we
have:
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that significently simplifies celculations (/7 is the Hamil-
tonian of the /“ - quant radiation). With the use of (15) one

finde the P-odd amplitude which is due to the 5—-"" “states:
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If . /, € ere fhe quarks in the S state md £ in the /%
state, then . /) «/ - the integral characterizing their P-0dd
interaction is derived from _Z?/ff (12) by the substitution
nig = — % s A7is replaced for the relevant value of the
normalization cocefficient for the /”ff etate. The formula for an
electric dipole transition is of the form
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where 1indices z',/' refer to the quarks in the ..f'i and /9}_;

”
states, respectively; :/and /m the dipole eleciric moments
for the 44 "end Z-Z"‘ transitione, respectively. In calcu-
lating (16) one finds:
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The contribution from the higher resonances may be neglected.
As has been mentioned in Introduction, the value of the P-odd
amplitude obtained in the present paper is distinguished from
the results in Ref. /3/. This disagreement ig due to not only
to the use of different energies for the /’énddzd#ﬂtatea. If
we neglect the difference in energies of the strange and Q{ﬁ;em
strange resonences, then it obviously follews from (2) and (15)
that the contributions of A/-" and Z I"'1.:-:» the P-odd amplitude
have opposite signs. In our paper the contributions of _#~ fmd
Z'*ha're the opposite eigns but they are the same signe in /3/.

Contry by tions
In addition, theYobtained in /3/ and our paper do not coincide

in their magnitude.
3« Conclusion

The quark-gluon interaction with 45 = 1 due to diagram 7
calculated in /5/. It is seen from estimation of graph & that
its contribution may be neglected. The magnitude of diagram 8
15 proportional to 5 ZZ¢ , i.e. goes to infinity when
Wi = Py = ﬁ. In praﬂticéf{this logarithm is small. Although
the contributions from various graphs 8 to the amplitude are
about 10_7 - 'G%T_’ the strong compensations take place.

The author is indebted to I.B.Khriplovich who has stimula-
ted the presented work snd to O.P.Sushkov for discussions.
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