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We investigate the leading-order amplitudes for weak radiative decays of hyperons in chiral perturbation
theory. We consistently include contributions from the next-to-leading order weak-interaction Lagrangian. It is
shown that due to these terms Hara’'s theorem is violated. The data for the decay rates of the charged hyperons
can be accounted for. However, at this order in the chiral expansion, the four decay rates of the neutral
hyperons satisfy relations which are in disagreement with the data. The asymmetry parameters for all the
decays cannot be accounted for without higher-order terms. We briefly comment on the effect of the 27-plet
part of the weak interactiofnS0556-282(96)01317-3

PACS numbgs): 12.39.Fe, 11.30.Rd, 14.20.Jn

[. INTRODUCTION shown to be a useful way of describing low-energy hadronic
processes, especially those that involve only mesons. It is an

Weak radiative decays of hyperog— B;+ v, have re-  effective field theory in terms of hadronic degrees of free-
ceived attention for a long time, both experimentdlly-6] dom based on the symmetry properties of QCD. For appli-
and theoretically7—20]. There have been several theoreticalcation to processes involving baryons it is most consistently
approaches to this problem. One of the two major apformulated in the heavy-baryon formulati¢@5], in which
proaches uses hadronic degrees of freef@ai2 while the  the SU3)-invariant baryon mass is removed by a field
alternative is solely based on the quark picture of hyperontransformation(see also Ref[26], where a similar transfor-
[13—-15. While the data are known to be consistent with themation is carried out In this approach an amplitude for a
lower bounds on the amplitudes derived from unitarity con-given process is expanded in external pion four-momenta
straints[9,11], none of the theoretical models has managedj, baryon residual four-momentak, and the quark mass
to give a satisfactory account on details of the data, in parmg. We will neglect the up- and down-quark masses. We
ticular the rates for the four neutral decay modes. will collectively write downgq, k, andmg asE. (As we will

One of the issues that has been emphasized in the literaliscuss later, we will adopt the convention thkaandm; are
ture is the apparent violation of Hara’s theorgm8], which  of the same order in the chiral expansjohhe perturbation
states that the parity-violating amplitudes ®f —p+y and  theory is reliable only wherE is smaller than the chiral
E~—X" +y vanish in the limit of SW3) symmetry. It pre- symmetry-breaking scal&, . In the heavy-baryon formula-
dicts, in contradiction with experiments, that the asymmetrytion there is an additional expansion inil/However, all
parameter forX, " —p+y should be quite smaliSee Ref. these terms can be effectively absorbed in counterterms of
[21] for a review of the relevant arguments. the theory[27].

The hadronic models did not have a great deal of success Weak radiative decays of hyperons have been studied be-
in explaining the details of the data. All the models of thisfore in the context of ChPT by Jenkins, Luke, Manohar and
type (except those which include vector mesppseserve Savage[20] and Neufeld[19]. Jenkinset al. and Neufeld
Hara's theorem in their formulations. A general analysiscalculated the amplitude up to the one-loop level. These loop
which include SU3) breaking[13] actually predicts a small, diagrams give contributions to the amplitudes which are at
positive asymmetry for th& * decay while the data show least of ordelO(E?) in the chiral expansion. However, tree-
that it is negative and relatively large. Models that assumdevel direct emission diagrams from the next-to-leading order
vector-meson dominangd6] can introduce effects that vio- weak Lagrangian27], which give contribution of order
late Hara’'s theorem due to mixing of the vector meson withO(E) to the amplitudes, were not considered. The reasons
the photon. In models using quarks, it was pointed[d4]  such terms might be neglected consistently is the fact that
that the diagrams in which & boson is exchanged between they are not needed for the renormalization. However, in
two constituent quarks can give rise to violation of Hara'sgeneral, since ChPT should be based on a most general La-
theorem. In addition, models which include vector-mesongrangian[24] they also should be included. We will see that
dominance are in better agreement with the data, though thes a consequence of not taking these terms into account, the
situation is still not satisfactory. The experimentally ob-analysis for weak radiative decay of both Jenk&tsl. and
served negative asymmetry parameter Xor decay is best Neufeld should satisfy Hara’s theorem.
accounted for using QCD sum rulgk7]. Other approaches In this paper we consistently calculate the leading-order
can be found in Ref§18-20. A detailed overview on both amplitude of weak radiative decays of hyperons in ChPT. At
experimental and theoretical aspects of weak radiative dehis order, no loop contributions need to be considered. How-
cays of hyperons is given in Refgt,21,23. ever, one does need to take into account the higher-order

Chiral perturbation theory(ChPT) [23,24 has been terms in the weak chiral Lagrangian. We will show that this

0556-2821/96/5¢%)/3321(8)/$10.00 54 3321 © 1996 The American Physical Society



3322 J. W. BOS, D. CHANG, S. C. LEE, Y. C. LIN, AND H. H. SHIH 54

TABLE |. Present status of decay rates and asymmetry param-

Y eters. The numbers are the combined weighted means from Ref.
q [21]. Both the decay rate and the asymmetry parameter for
39— A+ y have not been measured.
k L B—Bf+y I' [10 28 GeV] Y Ref.
B; B;
A—n+y 4.07£0.35 - [1]
EOSA+y 2.4+0.36 0.43-0.44 [2]

FIG. 1. Kinematics for weak radiative hyperon decagsand

=0 0
B; denote the initial and final hyperon, respectively. The baryon”+_>E ty 8'1i+1'0 0'20t+0'32 3]
momentak andk’ areresidualmomenta, defined in the Appendix. 2T—pty 10.1£05 —0.76x0.08 [4.9]
E -3 "+y 0.51+0.092 1.6:1.3 (6]

gives rise to violation of Hara’s theorem. As a consequence

the decay rates for the charged dec&$—p+y and . . .
-3 +y can be accounted for consistently. We will S [S€€ EQ(A6) of the appendik This factor plays a cru-
ecial role in the discussion of Hara’s theorem.

show that, in leading order, ChPT predicts the ratios of th Hara’s th h itv-violati litude i
decay amplitudes of all the neutral channels as functions o grqst eorem concerns the pgrlty-wo ating amp !tu em
e limit of U-spin symmetry. U-spin transformations inter-

the baryon masses only. We will compare these prediction i .
with the data. Furthermore, the asymmetry parameters stifiang€ ars andd quark) AssumingU-spin symmetry, Ha-

vanish in this leading-order calculation. We shall explain'@S theorem can be easily obtained from E2). If we have
why this is not necessarily inconsistent with the data in the?SPin symmetry, the mass difference betweeand van-
expansion scheme of ChPT. We will also discuss the contritSN€S:
bution of the 27-plet component of the weak Lagrangian to
the amplitude.

This paper is organized as follows. We will start in the |¢ e 5150 assume that the parity-violating form facRhas
next section by discussing the general formalism of hyperon, | pole in my+—m,, we find from Eq.(2) that the parity-
p .

wlgalé r§d|?t|v§ decaé/. I%§§$ !” ‘I’Vz.w'” calcgtl)atg thefam'violating amplitude for>*—p+ y vanishes. However, as
plitude in leading-order » Including contributions from .o i 'see in the following, the assumption tHAtis non-

the weak- and strong-interaptio_n Lagrangian with hig.her'singular may not be correct in the framework of ChPT. Such

qrder terms. In Sec. IV we vy|ll discuss briefly the contribu- possibility is consistent with Low’s theoref@8] and was

tion from the 27-plet. Next, in Sec. V, we compare our r€-already pointed out in quite a general context in Refs.

sults with the data and with previous calculations in ChPT[29 30 on which we will comment later

Finally, Sec. VI contains a summary and our conclusions. There are two possible independent observables in this
process. Using Eq2) and the photon-polarization sum in

My+—my=0. ©)

Il. GENERAL FORMALISM the gauge - €=0,
In this section we will consider some general features of B Kby P4 K
weak radiative hyperon decay and summarize the data. To > ef(k)el (k)= —gr*— . v v N
deal with baryons we will work in the heavy-baryon formal- x (v-k) v-k
ism [25] briefly outlined in the appendix. . .
As shown in the appendix, in the heavy-baryon formalismwe find for the decay rate the usual expression
and in the gauge 3
w
v-e=0, I'=—(A]*+[B|?), (5

the general amplitude for the hyperon weak radiative decayherew is the photon energy in the lab frame given by
process

Bi(m;)—B¢(m¢)+y (1) w=

(6

2mi

is given by _ . : .
As required, the decay rates are regular in the chiral limit

eﬂ(q)M”=26#(q)U_U(k’)(qV[S{,‘,SZ]A+Am%‘B)UU(k), even if the form factors are sjngular, since the aforemen-

(2)  tioned potential singular behavior fandB is compensated
. by the phase-space facter The second observable, related

whereU, andU, are the heavy-baryon spinors of the initial to the angular dependence, is the asymmetry parameter given

and final baryons, respectively, aeg is the photon polar- by

ization vector. The momenta are defined in Fig. 1. The

“form factors” A andB in Eq. (2) correspond to the parity- _ 2REABY) ;

conserving and parity-violating part of the amplitude, respec- ar |A]?+|B|?" 0

tively. The factorAm=m;—m; multiplying B appears by

convention: it is introduced in order to reproduce the parity-The present data on the decay rates and asymmetry param-

violating form factor in the conventional relativistic formal- eters is summarized in Table I.
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\g 7 are the Gell-Mann matricegiving rise to|AS|=1 tran-
sitions,

0 0 O
Ne=|0 O 1f, N\,={0 O —i], (12
01 0 i

and y the SU3)-breaking mass matrix

m¢diag 0,0,]). (12

In leading order, the decuplet does not play a role and we can
restrict ourselves to the terms

LM =i T H[v-D,H]], (13)

LOY= AT H{o,H}]+ A, Tr[H[ 0, H]] + AsTI[HH]

(b)

FIG. 2. Feynman diagrams for weak radiative hyperon decay in _ _
leading-order chiral perturbation theory. The cross-sign denotes the[,(Sz'O): B,Tr[H[D#*,[D,,H]11+B3TIH[S},S]]
weak interaction.

XTrlo], (14)

x{[D,,,D,],H}]+B,TH[S*,S/I[[D,..D,],H]],

ll. LEADING-ORDER AMPLITUDE (15
We will now turn to the calculation of the hyperon weak L o
radiative decays in leading-order ChPT in the heavy-baryon LOO=hp T H{\,H}]+heTITHIN HTT, (16)
formalism. The necessary weak ChPT Lagrangian, up to
terms of orderE, has been given in Ref27]. We shall

(1,0 _; ok He
consider only theC P-even part of the Lagrangian. The dia- Lo =1asTITHSN D, HIFHHS(ID,, (N HD

grams contributing to the leading-order amplitude are tree +ia6Tr[H_SQ‘[)\,[DM,H]]+H_S{j[DM,[)\,H]]]
diagrams given in Fig. 2. There are two kinds of diagrams: o

the direct emission diagrams Fig(@®, and the baryon pole +a;TIHS{[D, .\ ],H}]

diagrams Fig. th). Loop diagrams can be omitted in our _

calculation, since they give rise to contributions of higher +agTHS{{[D, A 1,H]] 17)
order.

Since the full Lagrangian, including the Lagrangian in theln our notation the superscripts,{) denote a term of order
weak-interaction sector, has been given elsewhere, we gi\,{émJS in the chiral expansion, and the subscrigtand w
here only the terms directly relevant to the hyperon weakdentify the strong and weak interaction, respectively. As
radiative decay in leading order. The baryons are representeflentioned in Sec. I, the terms E(NLO) [Eq. (17)], were not
by the usual S(B) matrix taken into account in previous ChPT calculations.
The parameter#\,A,, and Az in the strong Lagrangian
—A+i2° s+ D £ determine the four S(@)-invariant masses of the octet
\/5 \/E baryons up to first order img. Therefore, they provide one
prediction, which is the Gell-Mann—Okubo mass relation,
_ - 1 _ i 0 and fit the physical baryon masses within about 5%. We will
H b A 3 n , (8 ,
choose these parameters such that the baryon masses are fit-
ted best. Except for these mass terms in the strong Lagrang-
=- =0 _f ian £ all the terms in the Lagrangian obey @)Y sym-
J6 metry. Therefore, all S(B)-breaking effects in the
amplitudes in our formulation are due to the intermediate
and, since pions do not enter this tree-level description, w@aryon propagator in the pole diagrams in Figh)2 Since
can take for the other fields the expansions we have chosem,=my=0, and the small mass effects due
. to the electromagnetic interaction can be ignored here, the
D¥=0"=1eQA, A¥=0, o=y, baryon masses obey isospin symmetry and we will use the
obvious notationmy, m,, ms, and m= to represent the
average mass of the corresponding isospin multiplets. Note
whereQ is the quark charge matrix that in calculating the decay rates the phase space gives rise
to additional sources of SB)-breaking mass differences.
Q=idiag2,—-1,-1), (10 However, in that case, we shall use the observed masses.

p=0, )\:)\6, )\,:)\7, (9)
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The terms withB,, ... B3 in the strong-interaction La- Bso_.n,=0, (190
grangianZ{®? enter the amplitude for weak radiative decays
through the baryon electromagnetic vertex in the pole dia- Bzo_,=0, (190
grams of Fig. 2), while hy andhg in the weak-interaction
Lagrangianﬁ\(,\?'o) enter through the weak baryon mixing in Bzo .50,=0, (199

these same diagrams.
Finally, the terms containing the parametass . . . ,ag in and
the weak Lagrangiaml\(,vl'o) give rise to the direct emission

diagrams shown in Fig.(2). However, sincé\;,Q]=0, the e(as+ag)

terms witha, and ag do not contribute to hyperon weak Bz s-,=— ma—ms (19
radiative decays in leading order, and can be ignored in the a

following. Note that the mass differencéam in the denominators in

The diagrams in Fig. 2 lead to the following results for

the . . K . .
Eqg. (19 b f tha th ty-violat
parity-conserving form factors A in leading order ChPT: [Eq. (19] arise because o m In the parity-vioating

part of the general amplitude E). From the point of view
of ChPT, a; are the fundamental parameters that should be

Ap_ny=— €B; (3het+hp -3 he—ho ) (189 treated as constants, i.e., they can not compensate for the
36 lmy—my  Tmy—my Am in the denominators in Eq19). As a result, theB form
factors become singular in the 8)-invariant limit, con-
As+_p,=0, (18h  trary to the usual implicit assumption in the derivation of
Hara’s theorem.
Aso_n,= \/§AA_,,W, (180 Let us now take a closer look at our results. The pole

diagrams only contribute to the parity-conserving form factor

eB; (3he—hp _ he+hp A, in accordance with the Lee-Swift theorg¢B8]. Since the
Azo_py=— ( —— —3—— pole contributions to the charged decay modes—p+ vy
3V6\mz—my mz—my and E-—3"+y cancel, we find a nonzero parity-
_ _ conserving form factor only for the neutral decays
_ MMy T 7y A—ny s (189 A—n+vy,3%=n+y, E°=A+y, andE°0—-30+y.
Mz —My Mz—My The terms in weak Lagrangian in E@L7) all contain
[Q,H]. Since[ Q,H]=0 for neutral baryons, the direct emis-
Az0_50,= \/§AE°ﬂAv sion diagrams do not contribute to any of the neutral decays.
My — My Ms— My Fpr the same reason also the paramemrand B, do_ not
=—+/3 Apr_n,, (189 give contributions to the neutral decays in the pole diagrams.

(o)
Mz =My Mz—My Since for all the decays eithér or B vanishes, we imme-

diately conclude that the asymmetry parameters, defined by
Eq. (7), still vanish in this(leading order. However, we can
Az-_s-,=0. (18f)  show, by qualitative arguments, that this does not need to
- imply a contradiction between ChPT and the measured
The final result in Eq(18d) follows from the Gell-Mann— asymmetry parameter f& *—p+ y in Table I. Assuming,
Okubo mass relation which is satisfied to the order we conin the spirit of ChPT, that the form factors for charged decay
sider, as discussed earlier. The above expression for tHaodes can be expanded as
parity-conserving amplitude were obtained before, on gen-
eral ground, in Ref[8] based on(1) pole-diagram domi- A=a;\, B=bg+A\by, (20
nance,(2) U-spin symmetry, which is preserved by charge
operatorQ, and (3) SU(3)-breaking through only the Gell- with A~0.3(~ms/A,), and thata,, by, andb; are of about
Mann-Okubo mass relations. All these ingredients are conequal magnitude. It leads, using E), to an asymmetry
sistent with our current formulation of ChPT and therefore itparameter of about 0.6 in magnitude, which is roughly in
is not surprising they are reproduced here. In particular, th@greement with the data f&*—p+1y.
weak next-to-leading order Lagrangian, which was never In leading order, we find, from Eq18),
considered in the literature before, happens not to contribute
to the parity-conserving amplitude. The symmetry relations Mgoﬂn”: \/§M§(Hn+y, (21
derived by Li and Liu[29] deviate from those in Eq$18d
and(18e because they did not take a diagrammatic approach

and

1 my—my my—my

and the explicit pole structure of the diagrams is absent in  ,# - M
their calculation. EiAty Bmz—my mz—mg’ 200ty
For the parity-violating amplitud8 we find (22
BAHH'}/: 0 l (193 MILEL'OHEO+’}/: \/§M§0HA+‘)/ . (23)

e(as—ag)

by (19b) Therefore, all ratios of the neutral decay amplitudes depend
s — My

B
> only on the baryon masses and not on any constant from
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£g2v0) ﬁ‘(/\?vo) or E\(Nl’o) Their magnitudes, on the other hand, TABLE II. Magnetic moments of the octet baryons and the

also depend on a particular combination of the three paranfr@nsitional momenk°— A + y in leading-order chiral perturbation

etersBs, hp, he. theory. The first column contains the_expressnons in Ieadlng-ord_er
ChPT, the second column the experimental values, and the third

column the fitted values, with B3=—1.13GeV! and

IV. INCLUSION OF THE 27-PLET B,=—0.82 GeV'!. The average difference between the fitted and

The LagrangiarEq. (17)] corresponds to the part of the experimental mgments is 19%. The consFeBgsand B, are from
weak interaction that transforms as (B) under ("€ next-to-leading order strong LagrangigkF® [see Eq.(15)].

SU3)_ X SU3)s. Since the weak interaction consists of aNote that only the constar; plays a role in hyperon radiative

product of two left-handed flavor-§8) currents, the effec- decays.
tive chiral Lagrangian also has a (2%z) component. This
27-plet part cg‘ th(—f}:J weak Lagrangig-ny‘z)an bepincluded in the M [€] Mot Lin] Mitea Lin]
same way as the octet pd#f7]. Closer inspection shows that p —B4/3—B, 2.79 2.25
inclusion of the 27-plet corresponds simply to replacigg n 2B3/3 -1.91 -1.41
andhg in Egs.(18) and(19) by A Bs/3 —0.61 -0.71
p —B4/3-B, 2.42 2.25
hp—hp+2h CUBS —B,4/3+B, ~1.16 ~0.84
in the charged channels, and by fo ~B4/3+B, —0.68 —084
g 2B,/3 —-1.25 —-1.41
hp—hp—3hy; (25 %A Bs/\3 +16 -

in the neutral channels, whete; is the coupling constant

from the leading-order weak-interaction Lagrangian thatsymmetric limit, the parity-violating part of the decay ampli-
transforms as a 27-plet. From thd =1/2 rule of the weak tude is nonzero. Li and Li{29] already argued, based on the
nonleptonic decayd),; is expected to be a small parameter low-energy theorenj28], that the form factoB can poten-
compared tohp and he. While it enters the charged and tially be singular inmg, and thus provided an explanation of
neutral channels differently, the inclusion of the 27-plet intothe violation of Hara’s theorem. In a later investigation, Gail-
the analysis does not alter our results, both for the decalgrd[30] pointed out while such singular behavior may exist,

rates and for the asymmetry parameters. it cannot arise from the pole diagrams similar to those in Fig.
2(b). Both observations are based on a context more general
V. DISCUSSION OF THE RESULTS than ChPT and both are consistent with our conclusion. We

have shown that, in the context of ChPT, the form fa®or
Before discussing the relatidiq. (23)] we first investi-  can indeed be singular due to the direct emission diagrams,
gate closely the different parameters in EGs3) and (19)  while the potentially singular contributions from the pole
which contribute to the amplitude. Since we find distinctdiagrams cancdl30], to the order of our approximation.
results for the neutral and charged channels, we will discuss
them separately. We will also compare with previous calcu- B. Neutral channels

lations in ChPT. )
As can be seen in EQ18), the relevant parameters for the

neutral channels arB;, hy, andhg. The parameteB; is

from the strong interaction Lagrangi@iqg. (15)], and deter-
Relevant for the two charged channels are the two parammines(together with the constai,) the magnetic moments

etersas and ag from the next-to-leading order weak La- of the octet baryons. The first column of Table Il shows the

grangianﬁ\(,vl'o) Clearly, we can fit these two parameters to magnetic moments of the baryons in leading-order ChPT.

the two experimental decay rates as given in Table I. Due téitting B; to the experimental data, shown in the second

the quadratic relation between the amplitude and the decagolumn of Table Il, gives

rate we find the following four combinations for ti@imen-

sionles$ parametersis and ag: Bs=-13GeV . (28)

A. Charged channels and Hara’s theorem

as=2.8¢x10"% andag=—1.6ex10 8, (26)  The resulting fitted magnetic moments as given in the third
column of Table Il. Note that these results give rise to the
or Coleman and GlashoW31] relations between the baryon
magnetic moments.
as=—1.66x10"% andag=2.8x10"%, (27 The parameterh, andhg can be obtained from hyperon

) ) nonleptonic decay. Consideringgwave nonleptonic decay
wheree=*1. With these parameters, the experimental datgjata gives the best valudg2]

is reproduced. However, no prediction can be made yet. Nev-

ertheless, our results fag and ag are relevant since they hp=—-0.58u, hg=1.40u, (29
contribute to other weak processes also, such as semileptonic
decays of baryons. whereu=Gpm?22f _~3x10 8 GeV.

More interestingly, due to the direct emission diagrams Using these values, together with that By, we arrive at
from £{? Hara’s theorem is violated: Even in thé-spin  the decay rates for hyperon radiative decay as given in Table
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TABLE Ill. Decay rates for the four neutral hyperon radiative justify the approach used in Reff20]. We have obtained
decays, taking for the parametdrs andhg the values in Eq(29) nonzero parity-violating form factor8 through E\(NLO)_ In
obtained from nonleptonic hyperon decays. The first c_olum_n showgyef. [20] only nonzero results were obtained from the loop
the observed rates from RgR22]. All decay rates are in units of gjagrams which are higher-order corrections to our results.
1077 GeV. For the neutral decay channels, we obtained nonaefimm
factors through the pole diagrams and our results are consis-

Bi—Bity Lo Teq(ea) tent with that of Ref[20] if the Coleman-Glashow values for
A—n+y 4.07 0.018 magnetic moments are used in their equations. We obtained
S0 n+y - 0.16 vanishingB form factors to the order of our approximation,
20 A4y 2.4 0.087 while Ref. [20] obtained nonzero results through the loop
H0_, 304 y 8.1 0.067 corrections.

To put things in perspective, the higher-order effects are
needed to explain some data such as the asymmetries. How-
lIl. It shows a huge disagreement with the observed ratesever, it is very important to have a complete lowest-order
The difference between the experimental and predicted deanalysis before one proceeds to higher-order loop effects.
cay rate is more than a factor of 200 far—n-+ vy, while the ~ Furthermore, not all the problems that ChPT encounters in
difference for the other channels is about two orders of magthe lowest order analysis such as ours are expected to disap-
nitude. pear with the higher-order effects included. For ChPT to be

This discrepancy, however, is highly dependent on thdeasible, higher-order effects should not be relevant to solve
values used fohp and he. Independent of any particular large leading-order discrepancies with data such as the ratios
values chosen for the parameters from the Lagrangian, wef decay rates of the neutral modes.
can use Eq(23) to predict three ratios between the four

neutral decay rates. We find VI. SUMMARY AND CONCLUSIONS
FEO_’””—S 1 30 We have studied the process of hyperon weak radiative
Th niy O (30 decay in the framework of heavy-baryon chiral perturbation

theory. In particular, we have put emphasis on the effect of

T20_44, including a complete next-to-leading order weak Lagrangian
1:— =4.90.59+0.19), (31 [27] in the description. We used it to obtain the leading-order
A=nty decay amplitudes. In previous calculatiofis9,20, these

leading contributions are missing.
Lzosory =3.7(1.99+0.42), (32) In the leading order, all the ratios for decay amplitudes of
PAcney the four neutral channels A—n+y, 3°—n+y,

29-3% vy, andE°— A+, are simple functions of the
where the experimental values obtained from Table | argaryon masses only. This follows from the observation that
written in parentheses. While the first ratio cannot be Ob-the direct-emission contributions vanish and 0n|y p0|e dia-
tained from experimental data, sinE8—n+y has not been grams contribute. Comparing with experimental data these
measured, the predicted values for the other ratios are onbatios are up to a factor of 8 off. It is interesting to note that
within about a factor 8 and 2, respectively, in accordancgaking the values ofi, andhg from analysis of nonleptonic
with the observed ratios. In contrast with the case of theyeak decays of hyperons leads to predictions which disagree
asymmetry parameters, one cannot hope that this disagregith the observed decay rates for more than two orders of
ment may be resolved by higher-order effects, if ChPT is gnagnitude.
consistent expansion scheme with the next-to-leading order Clearly, these disagreements indicate something deficient
corrections about 30% suppressed. about the applications of ChPT to the neutral decays. In the

To compare our results with other recent work on hyperorspirit of ChPT, the higher-order corrections should be
weak radiative decays in the framework of ChPI®,20,  smaller than the leading order, which is clearly not the case
first note that Neufeld19] did not adopt the heavy-baryon for the neutral channels. Therefore, this problem is not going
formulation and therefore his perturbative scheme may bg be resolved by the inclusion of higher-order effects such
doubtful [25]. In Ref. [20] the next-to-leading order weak as the loop contributions calculated in Rg0]. It may be an
Lagrangian£{® was not taken into account. Instead, Ref.indication that our current treatment of &)-breaking ef-

[20] concentrated on analyzing the potentially dominant parfects is flawed. Or alternatively, it may indicate that higher
of the loop corrections. These loop corrections are of higheresonances, such as the vector mesons, have to be included
order in the power counting than the contributions of thein the analysis of ChPT as hinted by the relative success of
next-to-leading order weak Lagrangian which we analyzedthe vector-meson-dominance modglS$].

For the charged modes, we obtained in leading-order- For the two charged channelsX"—p+y and
vanishing-parity-conserving form factors, while Ref[20] E~—3"+ v no similar relations as for the neutral channels
obtained nonzero values using the differences of physicalan be extracted from ChPT to this order. Contrary to the
magnetic moments of the baryons as input. Note that itase of the neutral channels, only the direct emission dia-
ChPT these differences between the magnetic moments foframs contribute. The contributions of all the pole diagrams
low from operators corresponding bef'l). A more com- add up to zero at this order. The two observed decay rates
plete analysis of ChPT to this order needs to be done tean be used to fix exactly the two parametysndag from
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the next-to-leading order weak Lagrangian. Although we de- H=P'B,, h=P,B,, (A2)
rive no prediction within the charged channels, the param-
eters extracted will be relevant for other observables such gnereP* andP_ are the projection operators
weak semileptonic decays, making a future comparison fea- v v
sible. 1+4

We have shown that, even in leading-order ChPT, Hara’s pr=_" (A3)
theorem is violated by direct emission diagrams contributing v 2

to the parity-violating part of the amplitude. Going through _
the original assumptions in the proof of the theorem, ourThe minus component fielth is suppressed by v/ com-
result indicates that the parity-violating form factors in thepared toH. It can be easily seen that, in momentum space,
amplitude are singular in the limit &3-spin[or SU3)] sym-  derivatives ofH produce powers of
metry in the context of ChPT. This singular behavior leads to
the failure of Hara's theorem. k= pHt—mo#, (A4)
The asymmetry parameters vanish in our leading-order
calculation. However, we have shown that measured asynwith p* the four-momentum of the baryon, which {for
metry parameter foE " — p+ vy is of the right order of mag- processes at low energjea small quantity. Thigesidual
nitude as the estimated higher-order correction. In othebaryon momentunk is the effective expansion parameter in
words, our results indicate that the asymmetry parameters atRis formulation of baryon ChPT. Effects ofri/can arise
sensitive to loop effects and parameters in the higher-ordahroughh in higher order. However, thesen/corrections
Lagrangian. can be absorbed in the higher-order counterterms of the
In conclusion, our results indicate that there are some seheory[27].
rious weaknesses associated with the current formulation of The general amplitude for the weak radiative decay
ChPT when it is applied to hyperons. We believe that a more
care_ful for_mulation of Sl(B)-brea_king effects, together vv_ith Bi(p)—B(p')+y (A5)
the inclusion of vector mesons in the theory, may provide a
better framework to understand hyperon radiative decayg; given by
within ChPT. Both possibilities are under investigation.
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APPENDIX: GENERAL FORM OF WEAK RADIATIVE Py 0P, =—2I[S/.S,]. (A8)
DECAY IN HEAVY-BARYON CHIRAL
PERTURBATION THEORY Plo# ysP = —2i(v*S!—v"S), (A9)

In this appendix we briefly review the heavy-baryon for- : o ;
mulation of ChPT, and give the general amplitude of weal%g\l: af\l/r;fjbg}?/to';hfeo?rigﬁgi f;rrg;\/cgnwbeyak radiative decay in the

radiative decay in this formulation.

The nucleon mass in the chiral limit is comparable with — )
the chiral symmetry-breaking scale,. To make a consis- €.(PMH=2€,(q)U,(k'){q,[S],S;]A
tent chiral expansion possible, it can be removed by redefin- " _
ing the baryon field according {@5] +(S;Amg—v”S,-q)B}U, (k). (A10)

B —dmxg where Amg is the mass difference between the initial and
v [} (Al) . —
final baryon, andJ, andU, are plus components of and

wherev* is the baryon four-velocity satisfying?=1. Next,  u in Eq.(38). In the gauge - e=0, we then finally arrive at
one defines the projected fields the form as used in Ed2).
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