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Hyperon nonleptonic decays in chiral perturbation theory reexamined
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We recalculate the leading nonanalytic contributions to the amplitudes for hyperon nonleptonic decays in
chiral perturbation theory. Our results partially disagree with those calculated before, and include new terms
previously omitted in thé&-wave amplitudes. Although these modifications are numerically significant, they do
not change the well-known fact that good agreement with experiment cannot be simultaneously achieved using
one-loopS and P-wave amplitudes.

PACS numbeps): 13.30.Eg, 11.30.Rd, 12.39.Fe, 14.20.Jn

I. INTRODUCTION For the strong interactions, the leading-order chiral La-
grangian is given by3,10,11
A number of papers have been devoted to the study of o
hyperon nonleptonic decays of the foBr-B’ 7 within the L£3=3 f2Tr(aMETaME)+Tr(BUiv -DB,)
framework of chiral perturbation theorywPT). These papers

have dealt with both thgA 1| = 1/2 componentfl—6] and the +2D Tr(B,S!{A, ,B,})+2F Tr(B,S"[ A4, ,B,])
|A1|=3/2 component§7,8] of the decay amplitudes. Calcu- =, —, -, _ u
lations of the dominantAl|=1/2 amplitudes have led to —Tgiv-DT,,+AmTT, ,+C(TFA,B, + B, AT,

mixed results. Specifically, theory can give a good descrip-
tion of either theS waves or theP waves, but not both
simultaneously. .
In this paper, we reexamine the calculation of the IeadinthereAm denotes th_e mass dl_fference betwet_an the_decuplet
nonanalytic contributions to thEAl1|=1/2 amplitudes. Our @nd octet baryons in the chiral-symmetry lim8 is a
results disagree for some of the decay diagrams with those §€locity-dependent spin operator, and additional details can
Ref. [2], which is the most recent published work with the P€ found in Ref[8]. Explicit breaking of chiral symmetry, to
same approach. Furthermore, our results include new ternj§ading order in the mass of the strange quark and in the
in the P waves that were previously omitted. We will show limit m,=my=0, is introduced via the Lagrangidt2]
that, even though these modifications are numerically impor-

+2HTES, - AT, ,, @)

tant, they do not affect the main conclusions of Ré. ﬁfnq:an(METﬂLEMTHbD Tr(B{&'MET+EMTEB,
In Sec. Il we review the basic chiral Lagrangian used for _

our calculation in the heavy-baryon formalism. Section I +be Tr(B,[£TMET+EMTEB,])

contains detailed results of our calculation of the leading — _

nonanalytic corrections. Finally, in Sec. IV we compare our +oT(MET+3IMN)Tr(B,B,) +cTh (MM

results with experiment and present some discussions. ~ —
+EMTOT,,— o TIMET+IMNTET, 2)

Il. CHIRAL LAGRANGIAN where M =diag(0,0m;). In this limit, the pion is massless

The chiral Lagrangian that describes the interactions ofind theng mass is related to the kaon massrbi;gz‘g‘mﬁ.

the lowest-lying mesons and baryons is written down inMoreover, mass splittings within the baryon octet and de-

terms of the lightest meson-octet, baryon-octet, and baryorcyplet occur to linear order ims.

decuplet field$1,3,9. The meson and baryon octets are col-

lected into 3x3 matrices¢ and B, respectively, and the ! ; ;

decuplet fields are represented by the Rarita-Schwinger ten-

sor T4 ., where the notation here follows that of RE8].

e (a) (b)
The octet bosons enter through the exponenthl

= exp(i¢/f)_, wheref is the pion-decay constant inthe chiral-  £15 1 Tree-level diagrams fdg) Swave and(b) P-wave hy-
symmetry limit. In the heavy-baryon formalisf8,10], the  eron nonleptonic decays. In all figures, a saligished line de-
chiral Lagrangian is rewritten in terms of velocity-dependent,otes a baryon-octetmeson-octét field, and a solid dotiopen
baryon  fields, B,(X) =¢"e? XB(x) and  TH(x) squarg represents a strongveak vertex, with the strong vertices
=¢Me?? XT(x), wheremg is the baryon-octet mass in the being generated bg Sin Eq. (1). Here the weak vertices come from
chiral-symmetry limit. thehp ¢ terms in Eq.(3).

' 1 1
— 00— —O—e— —e——
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il i FIG. 2. One-loop diagrams contributing (&
) Swave and(b) P-wave hyperon nonleptonic de-
' ! : cay amplitudes, with weak vertices from the
\ ; \ , \ , \ , hp r.c terms in Eq.(3). The double lines repre-
sent baryon-decuplet fields.

As is well known, the weak interactions that generate hy-by keeping only calculable terms o®(mJnm) and
peron nonleptonic decays are described b8 =1 Hamil-  O(m2inm). The latter, O(mZnmy, terms are formally
tonian that transforms as (fg) ®(27.,1z) under SU(3)  smaller than the former, but are included because, as was
X SU(3)r rotations. Experimentally, the octet piece domi- arqued in Ref[2], they arise from graphs proportional 4q
nates the 27-plet piece, as indicated by the fact that thgy Eq. (3), whose value is enhanced with respect to naive
|Al|=1/2 components of the decay amplitudes are largeexpectation, thereby generating contributions comparable to
than the|Al|=3/2 components by about 20 tim&13]. We  the O(m nmy) terms, which are proportional top ¢ . At
Sha”, therefore, assume in what follows that the decays arghe One-|oop |eve|, there are also Correctionwms), but
completely characterized by the (8), |Al|=1/2 interac-  these are not computable due to the many counterterms that
tions. The leading-order chiral Lagrangian for such interaccontribute at the same order. To take into account the error

tions is[1,2] associated with neglecting all these terhvge will incorpo-
" = 4 — 4 rate some theoretical uncertainties when comparing theory
L"=hp Tr(B,{¢'h¢,B,}) +he Tr(B,[£'hé,B,]) with experiment. It is possible to perform a complete one-

loop calculation including all counterterms, but then one
loses predictive power as there are more free parameters than
(3) data?
We write theS- andP-wave decay amplitudes at the one-
where h is a 3x3 matrix with elementsh;;= 6,53, the  |oop level in the form
parametershy ¢ will be determined below, andg~8.0

+heTHEET, , + 5t 2 Tr(hd, 3 03T+ Hee.,

x 108 as extracted from kaon decays. m2 m2
A S 4 (B, - (9 K K
BB’ 7 J2f @ppr BB’ BB/ 7#%¥pp/ 16m2f2 p2|’
I1l. AMPLITUDES ™ TP
Using the heavy-baryon approach, we express the ampli- 1
tude for the d B in the f AR =— 1 o)+ (BT, —Ngg nalf)
ude for the decayg— B’ in the form N agp +(Bgp —Nep npp)
T
: 2 S P
IMBHB’W:GFmﬂ-‘*'uB’(A(BB)’Tr—I—Zk'SUA(BB)’ﬂ-)uB' (4) mz m2
K1 4 Z(P)
where the superscripts refer to tBeand P-wave contribu- X 22 In—7 + agg |, ©®)

tions andk is the outgoing four-momentum of the pion. The

|Al|=1/2 amplitudes satisfy the isospin relations wheref _~92.4 MeV is the physical pion-decay constant and

fp=f, or fx(=1.2Z ). Contributions from tree-level and
one-loop diagrams, shown in Figs. 1, 2, and 3, are repre-

N Ann0t My g =0, sented byagg andEBB/ = Bep/ +,8éB, , respectively, where

ME+~>nw+_ \/EMZ+~>pﬁO_ME_~>nﬂ_:O1

\/EM EOHAWO—FME’—»AW’:OI (5)
) ) To simplify our calculation and to follow Ref2], we have also
and so only four of them are independent. Following Refsggiected(m,) terms which are calculable from the heavy-baryon
[1,2], we choose the four to bE"—n7", 3~ —nm ", A expansion of the relativistic Lagrangiéid4], as well as calculable

—pm, and E T—AmT. . _ . O(mZ’?) contributions(from the one-loop diagramshat we expect
In calculating the decay amplitudes, we will consider theto be small.

leading-order terms and their one-loop corrections. For the ?Such a calculation was done in R6], without explicitly in-
loop diagrams, we will adopt the approach taken in R2f.  cluding the decuplet baryons in the effective theory.
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o LA Py N
el ———— — FIG. 3. One-loop diagrams contributing (@
(a) Swave and(b) P-wave hyperon nonleptonic de-
' ' ! : H cay amplitudes, with weak vertices from thg
—— —e e e —e——— ——0\—‘2/9— term in Eq.(3).
o \‘u’/ \\n’/ \\n’/ =

Beg’ comes from one-loop decay graphs involving only oc-values of the parameters that appear in &), as they are
tet baryons andgy, arises from those with internal contained ina(), . Following Ref.[8], we choose
decuplet-baryon line$The coefficient\gg ,, contains con-

iUt i i i bpms=2 (my—m,)~0.0290 GeV
tributions from baryon and pion wave-function renormaliza- pMs= g (My =My )
tion as well as the renormalization of the pion-decay con-
stant. The P-wave term Zzgg, results from one-loop
corrections to the propagator in the lowest-orBerave dia-

grams in Fig. 1b). The expressions fotigg: , Bee', Bgp

bems= 411 (my—mgz)~—0.0948 GeV,
cCms= % (mg—my)=~0.220 GeV,

TBB,W andEéB), are given in the Appendix. Am—Z(E—U)msz m,—ms~0.0389 GeV, (7)
We would now like to point out where our theoretical

same decay diagram@-igs. 1, 2, and B as those used (P)

_ ) P) —(SP) omg, andomg which occurs inagg, .
therein, we found the same expressmll(i g)(g?sr ' Per s The values ohp, hg, andh¢ in Eq. (3) are determined

and\gg: ,, with the exception of terms i po’ Proportional by a least-squares fit using the foBwave amplitudes that
to yg, corresponding to the graphs in Fig. 3. Among thege are not related by isospin. Fitting the one-loop formulas to
terms, we were able to reproduce only the expression foexperiment thus yieldbp=—0.84+0.34, hr=0.78+0.68,
E(;)n in Ref. [2]. Second, we have included in tiewave andhc=4.16+7.63, whege all of these parameters are writ-
~ (P) ten in units of \/Ef,TG,:m7+. The quoted errors reflect an

amplitudes the termagg, , which were missing in Ref{2] _ ) )
(and in Ref[1]) and were partially addressed in RES]. In estimate of the theoretical uncertainty due to the terms ne-
' ' glected in our calculation. To compute them, we followed

the next section, we will discuss how these theoretical modi . .
Ref.[2] by adding a canonical error of 0.30 to edglwave

fications affect the prediction for the amplitudes. - ; ; :
amplitude and ignoring the much smaller experimental
error® The uncertainty irhc is large because it enters the

amplitudes only at the loop level and so it is poorly con-
IV. NUMERICAL RESULTS AND DISCUSSION strained. The numbers we found above are different from

From the measurement of the decay rate and the decajhose found in Refl2]: hp=—0.35+0.09, hg=0.86+0.05,
distribution asymmetry parametet, it is possible to extract andhc=—0.36x0.65. The discrepancy in the central values
the value of theS- and P-wave amplitudes for each hyperon Of these two sets of numbers indicates that the theoretical
decay[13]. Using the most recent dafd5], we find the modifications we made are numerically important, but the
results presented in Tablé Wheres,p are related tod 7} ~ 1arge errors in the parameters, especially those.iandhe,
by s=.A® andp=—|k|.A®, with k being the pion three- make; it appear less so. For comparison, fitting the tree-level
momentum in the rest frame of the decaying baryon. Thes@MPlitudes givesip=—0.55-0.29 andhg=1.37-0.17. It
numbers are nearly identical to those quoted in IR2. Is worth mentioning thgt, despne thel_r variations, these three

To evaluate how our results describe the data, we emplo ets of'numbers' are §t||| cqnsstent with their expected values
the parameter values used in Rgf]: D=0.61, F=0.40,C ccording to naive dimensional analypis3].
=16, H=—19 fp=Ff_, andu=1 GeV. We also need the _Usmg the parameter values from our fit above, we ob-

tained the numerical results presented in Table Il. Since the
Swave formula for® " —nz" does not depend o ¢ ¢,
5 _ _ _ the three-parameter fit leads to exact agreement with experi-

In the figures, we have not included a tree-lekebave diagram  ment for the other threB-wave channels. As a consequence,

with a yg vertex inserted in the outgoing-meson line because itthe Lee-Sugawara relatiofil6] 3ss- 7/\/6-1—8 B
vanishes in the massless-pion limit that we take here. We have also 5~~~ "y \hich is a predictziorTrg]: S@) Syr%?n%zry
not included one-loo-wave diagrams with three baryon propaga- ST oA '

tors inside the loofcorresponding to Figs. 3l and 3m of Rg8)),
which are proportional th ¢ ¢ and of highem order, O(m2?).
“These corrections were considered for fiid|=3/2 case in 5This is consistent with the fact that most of the neglected contri-

Ref. [8]. butions are of O(mg), which amount to corrections of about
SIn extracting these numbers, final-state interactions have beems/A~20%, with A~1 GeV being the chiral-symmetry breaking
ignored and experimental masses used. scale.
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TABLE I. Experimental values fo& andP-wave amplitudes. kaon and eta loops, which may be overestimatedy Rl
[19]. We will setfp=fx~113 MeV, instead of ., in the
Decay mode N P amplitudes in Eq(6), for the difference will appear at higher
St onat 0.06+0.01 1.810.01 orders. Also, we will use the same valueshfF, and’H as
Stopad —1.43+0.05 1.17-0.06 before, but nonC=1.2, all of which are the favored values
ST —nwo 1.88+0.01 —0.06+0.01 from one-loop fits to semileptonic and strong hyperon decays
A—pm” 1.42+0.01 0.52-0.01 [11,20. We will consider three different values @f, and,
A—nmP —1.04+0.02 —0.39+0.03 for each of them, perform a least-squares fit as before to
EToAm —1.98+0.01 0.48-0.02 determine the values dip ¢ c. The results of these fits,
HO A R0 1.51+0.02 —0.32+0.02 along with the corresponding predictions for the amplitudes,

are given in Table IIl.

We can see that the central valueshgfr are relatively
and agrees well with data, is well satisfied. A gooddiging  stable with respect to changes in the other parameters, and
all of the seversS waves was also obtained in Reff2], but  h¢ is less so, but the different values of these weak param-
the individual tree and loop contributions therein are numerieters are still consistent with each other in view of their large
cally different from ours, in some cases markedly, albeiterrors. The tree and loop terms of tBavaves are also rela-
within expectations. As in Ref2], we can see in Table Il tively stable against the parameter changes. The loop terms
that some of the loop corrections in tSBavaves are compa- of the P waves, however, change significantly as we move
rable in size to the lowest-order results even though they argom Table 1l to Table IIl, whereas the waves in Table il
naively expected to be smaller by about a factor of 20%. Inyo not asy is varied. This significant change is mainly due
addition, we found thaO(mZlnmy contributions(from dia- o our choice offp=f, andC= 1.2 for Table IIl, which leads
grams proportional ta/g) are sometimes larger than those of to a dramatic decrease of the loop contributions with respect
O(mgInmy). This lack of convergence is an inherent flaw in ato the leading-order terms, alleviating the discrepancy be-
perturbative calculation where the expansion parametefiveen theory and experiment. Comparison of thel GeV
ms/A is not sufficiently small and there are many loop dia-cases in the two tables shows that this choice also leads to a
grams involved. The problem also occurs in fiid|=3/2  slight reduction in the lack of chiral convergence in our
sector[8] and in other caseisl7]. For theP waves, the dis- Swave formulas. Finally, we should mention that our one-
agreement between theory and experiment is worse than biyop formulas, with the sets of parameter values used in
fore. The tree-level contributions remain suppressed with reTable Ill, can describe both theseven S and P-wave data
spect to the chiral-logarithmic corrections because of theyetter than either a tree-level fit or the one-loop fit of R2F.
near cancellations of the two terms in the tree-level formulagan, although th® waves remain poorly reproducéd.
[2], and the loop correction receives a sizable contribution |n conclusion, we have reexamined the one-loop analysis
from the new temﬁgg, , of the amplitudes for hyperon nonleptonic decays in chiral

The dependence of the One-|00p contributions in (Bm perturbation theory, Concentrating on the Ieading nonanalytic
on the renormalization scaje is canceled by the. depen- ~ contributions to the amplitudes. We have discussed how our
dence of the counterterms that have been neglected, and Hgoretical results differed from those previously calculated
our one-loop amplitudes depend on the choiceuofit is, ~ USing the same approach. Even though the differences are
therefore, important to know how our results changewas Nnumerically important, they do not alter the well-known fact
varies. At the same time, we would also like to know howthat & good prediction at the one-loop level cannot simulta-
our results will differ if we make the following two changes N€ously be made for th& and P-wave amplitudes. Never-

in order to reduce, at least at one-loop order, the effects dfeless, our results suggest that a judicious choice of the
parameter values in the theory can, at least at the one-loop

TABLE Il Experimental and theoretical values & and level, lead to a sizable reduction of the large kaon-loop ef-

P-wave amplitudes fohp=—0.84, hg=0.78, andhc=4.16. {ric;fozleelgt:‘\i/tettgoef(r;)eerli?nweenstt-order contributions and yield an
Decay mode Sy Steoy  Swee  Soop Sl((t))g’t)) Sfé’ﬁ,f) Note added After submitting this paper for publication,

we became aware of Rg¢R2], in which one-loop corrections
St—na” 0.06 —0.09 0.00 —0.09 0.13 -0.22 to the propagator in the tree-levelwaves are also consid-
3T —nm 188 188 162 0.26 0.40-0.14 ered and added to the amplitudes calculated in R&f.The
A—pm” 142 142 061 081 0.24 0.58 expressions obtained in Rg22] for the new contributions
E-—Aw~ -198 -198 -1.29 -0.69 —0.22 —0.46 disagree with ours, but we have agreement in thatRhe
waves remain poorly reproduced.

d
Decay mode pexpt ptheory Ptree ploop pl(c?c():g pl(oc?;)

Stonat 181 241 -040 281 0.07 274

3"—nw~ -006 193 -016 210 0.08 2.01 A recent study{21] on the role of baryon resonances in these
A—pm~ 052 -1.13 -0.03 -1.10 —-0.09 -1.01 decays has suggested that including counterterms is important for a
ET AT 0.48 217 -0.22 2.39 0.06 2.33 satisfactory description of both tif&and P waves in chiral pertur-
bation theory.
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TABLE lll. Experimental and theoretical values fandP-wave amplitudes for various values @f and
the corresponding values bf,, hg, andhc.

©=0.8 GeV,hp=—0.76=0.37, hz=0.89+0.74, hc=8.6+20.4

Decay mode Sexpt Stheory Stree Sloop pexpt ptheory Ptree ploop

STonat 0.06 0.00 0.00 0.00 1.81 0.76 —0.33 1.09
ST —nmw 1.88 1.88 1.65 0.23 -0.06 0.69 —0.08 0.77
A—pm~ 1.42 1.42 0.78 0.64 0.52 -0.55 —0.12 —0.43
ET—Aw” —1.98 —1.98 —1.40 —0.58 0.48 1.06 -0.13 1.19

pw=1 GeV,hp=—0.78+0.33, hg=0.82+0.68, ho= 7.2+ 14.7

Decay mode sexpt stheory Stree sIoop pexpt ptheory Ptree ploop

3t —nat 0.06 0.00 0.00 0.00 181 0.82 -0.36 1.17
ST —nmw 1.88 1.88 1.60 0.28 -0.06 0.80 -0.12 0.91
A—pm~ 1.42 1.42 0.68 0.74 0.52 -0.65 —0.08 —0.58
=2 —AT —1.98 —1.98 —-1.32 —0.66 0.48 121 -0.17 1.38

w=1.2 GeV,hp=—0.80£0.30, hy=0.77+0.64, hc=6.7+12.1.

Decay mode Sexpt Stheory Stree Sloop pexpt ptheory Ptree ploop

STonat 0.06 0.00 0.00 0.00 1.81 0.86 —0.38 1.24

ST —nmo 1.88 1.88 1.57 0.31 -0.06 0.88 —0.14 1.02

A—pm™ 1.42 1.42 0.62 0.80 0.52 -0.72 —-0.05 —0.58

BT —Anw —1.98 —1.98 —-1.27 -0.71 0.48 1.34 -0.20 1.53
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APPENDIX

From the tree-level diagrams displayed in Fig. 1,

1 1
(S _ (S _ _ (S)__— [ —— _
a2+n—0, azfn— hD+hF, aAp—\/g(hD+3hF)y aafA—\/g(hD 3h|:),
@ _ —D(hp—hg) 3 D(hp+3hg) @ _ —F(ho—hg) 3 D(hp+3hg)
AT my—my my—my 2" my—my my—-my

_2D(ho—hg) (D+F)(ho+3he) ) _—2D(ho+he) (D—F)(hp—3he)

(P) S — —
Bms—my  Je(my-my | FA B(mz-my)  VB(mz-m,)

a\

From one-loop diagrams involving only octet baryons, shown in Figs. 2 and 3,
B = —2D%(my—my) s,
S
B = 1 (hy—he)+ (L D*—3DF— §F?)hy+ (¢ D?+5DF + 2F)hg
+[(§ +4D?—9DF+3F?)(my —my)+(D?+3DF)(m, —my)] s,
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(S) 1 11 19 12 92 7112 27 2
,BApzﬁ[— U (hp+3hg) + (¥ D2~ 11DF + § FA)hp+ (§ D2~ 15DF + & F2)hg]

1
+—6[(; +2D2—3DF+9F?)(my—my)+(—9D2+9DF)(my —my) ] vs,

/6

1
B\ =—[— & (hp—3he)+ (X2 D2+ 1IDF+ $F)hp— (3 D2+ 15DF + ¥ F?)h¢ ]

6

1
+—6[(— 2 +7D?+6DF—9F2)(mz—m,)+(—9D%2—9DF)(my—m,)]vys,

%

13 D(hp—hg) 3 D(hp+3hg) N D3 ¥ DI - ¥ DF%+ 3F3hp

P _ n
tn My — My m, — My My — My
D3+ ¥ D%F+ ¥DF2- 3F3h, +(— 52 D3+ ¥ D?F— § DF?)hp
ms — My my — My
%QD3_5D2F+4DF2)hF 49 3 2 19 2 11 =3
— My — My +(23 D°—D“F— 5 DF“+ 35 F°) g,
@ 1 F(hp—he) 5 D(hp+3he) (¥ D?*F—3DF*—F%hp (5D*F+5DF?+F°)he
T my—my * my — My * My — My * ms — My
(— £ D3+ ¥ D?F-5DF)hy (¥ D3-5D?F+4DF?)he
+ e - e +(sD— 1 F+ D%+ 2D%F— ¥ DF?)ys,
50 I D(hp—hg) %(D+F)(hD+3hF)+(—§D3+6D2F+2DF2)hD (2D3+ 10D?F + 2DF?)hg
(P)— - _
Ve(my—my  V6(m,—my) Ve(ms—my) Ve(ms—my)
% D3- ¥D%F—- ¥DF?+ 3F3hy, (£ D3- $D%F+ ;DF?+ R F3h;
+ +
\/g(mA_mN) \/g(mA_mN)
1 11 11 23
+ﬁ(_ #D— ¥ F+D%+ £ D%F+3DF2+5F3) g,
® ID(hp+hg) H%(D-F)(hp—3hg) (2§D3+6D?F—2DF?hy (32D3—-10D%F+2DF?)he
Bz-x= + + -
V6(mz—my) V6(mz—m,) V6(m=—my) V6(mz—my)
% D3+ & D?F— ¥DF?- $F3)hpy (¥ D3+ £D?F+ ;DF?— 2 F3h;
+
VB(mz—m,) Ve(mz—m,)

1
+—(— 3D+ ¥ F+D3- 2 D% +3DF2-5F3)yg.

G
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From one-loop diagrams involving decuplet baryons, also shown in Figs. 2 and 3,

(S
Bs ( )_lcz(mz_mN)Ys,

B =—1C?hc+C - B (my—my)+ & (my—my)+ £ (mgx—my)]7e,

ﬁ’(s>——ic2h +icz[—(m —my) +3(Myx—my)]
c A N S * N)17Y8,

V6 e
1 1
1(S) _ 2 2r 4 16
z—\=—=Chct+—=CP3(Mz—mMy)—3(Mgx—My)— F (Mzx—My)]vs,
B“A\/E C\/E [3( A (my )= 3 ( M) 17vs
\py_ ~ 3DC%cH (= 5 H+ 7 D= §F)C*(hp—hg) 5DC?hc+(3H— 5D — 5 F)C?(hp+3hg)
2 My — My [ my— My
+(— 58H+ S D+ $F)Cys,
L — §FC?hc+(5H— 53D+ 3F)C%(hp—hg) +§c2hc+(1%271— §D— §F)C?(hp+3hg)
ms — My my—My
+(243H+ giD‘*' F)Czys,
¢y §PC?Nct (= 57 H+ 5D+ §F)C*(hp—hg) (DH+F)C?hc+ (s7H— 5D~ §F)C*(hp+3he)
V6(my—my) JB(my —my)
+i ZH+ 2 D+6F)C%yg
\/6 1
L) — §DC%hc+ (5 H— 3D §F)C%(hp+he) (D—F)C’hc+(FH+ 37 D+2F)C%(hp—3he)
E-AT
\/g(ma_mz) \/E(mE_mA)
1

——(2H+ ED+ B F)C2y,.

The contributions from the wave-function renormalization of the pion and the octet baryons and from the renormalization
of the pion-decay constant are collected into

Mg a=3 N+ Ap +A)—\g,

wherefB=)\B+ Ng, N\, and\; are defined by

(zzf” 1+ (g s h )T
= e = s\ —F—In y
BT T
with
=4 D?-5DF+ ¥ F?, A=3c?,
=1D2+9F? Ay =C?
As= 2 D2+3F?, A=%C?,
Az=%D?+5DF+ £ F? =22
)\w:_%- )\f:—%

114014-7



A. ABD EL-HADY AND JUSAK TANDEAN PHYSICAL REVIEW D 61114014

~ (P)
One-loop corrections to the propagator that appears in tree-level pole diagramsFAnidnees yield the termugg, . Its

expression is equal to that afBPB), with the exception that each factor fdf—my) in agé, is replaced by yy/(my—my)?,
where

3 2 2
— Mk K

=— —By)——= + Ay + Ayay) Mo+ (N —\ Am—ln ,
Mxy (Bx ,BY 167 f2 [(Vx 7Y xax+Ayay)Ms+ (N —Ny)Am] 6212 _Z,u

P

with

an=—2(bp—bp)—20, ar=—35bp—20, asy=-20, az=-—2(bp+bg)—20,

— 4
Bn=3 D?—2DF +3F?+ —=(D?-6DF +9F?)+3 C?,

93
16
§D?+6F2+ —=D?+35(?
BA 9\/§
_ 16 8
=2D?+2F%+ —=D?+ —°+—)c2,
BE 9\/§ 9 9\/§
3 5 2 2 4 2 2 8 2
==2D2+2DF+3F2+ ——(D2+6DF+9F?)+| 1+ —|C?%
93 93
=2 bp— L br—bp(iD2+12F) +br(2 D2~ 4DF+6F2)+ 2 0— 20+ 5 cC2— 20\,

Ya=bp—bp(2 D2+ 18F2) +bp(12DF) + 2 ¢— 20N, + & cC2— 20N},
ys=2bp—bp(6D?+6F2) —be(12DF)+ 2 0—20\s + & cC2— 200§,

==%bp+ Fbe—bp(3 D?+12F%) —b(5D?+4DF+6F%) + %0 — 20\ g+ 5 cC— 20\
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