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A—Nr process with an external diagram and the quark mass shift
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The A— N process is calculated in a bag model by including an external diagram. The energy shift of
quarks in the propagator is considered and the weak process is described with a four point effective Lagrang-
ian. As a result, a right relative sign between the parity conserving and parity nonconserving amplitudes is
obtained. The branching ratio, .- /T'y_n is also shown to agree well with experimental data.

PACS numbds): 13.30.Eg, 13.75.Ev

[. INTRODUCTION intermediate state can be described as a baryon pole. We thus
. . . . reexamine this pole structure by the quark mass in the propa-
In the analysis of a nonleptonic decay amplitude, tradi- P y N brop

tionally, the method of calculating the parity violatitgV) ggr)o;r?g ;:tir?nrg?j?aﬂgogtgggon mass difference in inifal
amplitude is different from that of the parity conservifiRC) '

part. The former, which corresponds to a pisrwave, is Il. THEORY

obtained by current commutation, while the latter, corre-

sponding to a piop wave, is calculated by the baryon pole  The Lagrangian describing the nonleptonic weak process,
approximation. Since the 1980s, this nonleptonic decay prowhich is evaluated with one gluon exchange and renormal-
cess has been studied in terms of the quark by many authoization group scaling4,6,7], is

[1-3]. Although they could not fully explain the experimen-
tal results of all nonleptonic hyperon decay processes, it is
believed that these approaches are not absolutely wrong.

In this work, we follow the formalism given in Ref2]. ) ) )
The main characteristic of Re2] is that thes- andp-wave ~ Wheredc is the Cabibbo angle and ¢ are given as
amplitudes are obtained in a consistent procedure such as the o - _ —
low energy strong interaction between quarks in baryons and ~ £36= (U )@y up) = (Uytu)(dyus), (2
mesons described by chiral symmetry and confinement, angii, yl=y*(1—ys). In Eq.(2), the negativépositive) sign

the weak interaction is introduced, imposing local gauge inygtars toLs (Lg). The subscripts 3 and 6 indicate the di-

variance of the whole strong Lagrangian under SY(2) mensions of the S(3) color group of the final stat8®3
®U(1) transformations. In this sense it seems to be more_ 663, andi. i represent the color indices.~2.1 anda
elegant than other approaches. But the result in Rfis :04 ’ hi hI’J P lated ai~1 IG {/ 3d_ ’ ~0?1
not reasonable because it gives the wrong relative sign to thE.tr'] w ICI are evg uate at:l 5 € d an~ Oag('“é)_ 'fh
s andp terms in comparison with the experimental data. with one giuon exchange @z=1.5 andae=?o. [8] wi

In order to explain the experimental data more reason[enormallzatlon group SC?"_“G- Gr_oup structure tells us that
ably, we modify this formalism in the following three ways. 63 72”0\’\’3 gél = 1/2 transition whileLs includes bothAl
First, we calculate an external contribution which is not con-— 12 an '

sidered in Ref[2]. This term, called “separable,” was con- . F0f theA—pm process, we have to consider the quark
sidered in terms of an SU(3) parameter in Héf. Retain- diagrams ;hown in Fig. 1. Amo_ng those diagrar@-(c)

ing self-consistency, we derive it in a natural manner from2'® called internal gr_aphs ard) is an extern_e_ll graph. The
the same formalism as that given in REf]. Moreover, itis  ntermnal graphs contribute only to th transition channel,
shown to yield a very meaningful contribution to the parity PEC@USe minus sigrisriginating from color, anticommuting
conserving amplitude. Second, we describe this nonleptoni@f fermions, and Fierz rearrangemeappear when the ini-
process with the effective Lagrangian constructed by a on&al quark legss,u in (us)(du) are exchanged. However, in
gluon exchange correctiqd—6]. This Lagrangian makes the the case of the e_xternal diagram, the hadronic matrix element
A1=3/2 contribution sufficiently small in our case. Finally, is (p|us|A){7~|du|0) and the factor+ 1/3 appears due to
when the internal transition in the p-wave part occurs, thehe color degree of freedom when the initial quark legs are

1 .
£=ﬁG Sinfc cosfc(az Li+ag Lg), (1)

du du du ud
—/i L J FIG. 1. These graphs are pos-

d o u i d a s Vi G sible processes we considered
u 3 s - S - d 3 here for theA—p=~ decay:(a),

o (b), and(c) represent internal pro-
s a ¢——d u u u i cesses andd) is the external pro-

cess.
(a) (b) (c) (d
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Ra: R ST _u FIG. 2. Diagrams generated by
/ _ ‘o / Z i the time ordering in the brackets
d u v P u d P < d $ u of Eq. (4). Each diagram repre-
“Xa s o s u d d sents two casexy>Yy, and y,
] i d———4d u i 4 >Xo, Wherex angy are the in_ter-
action points ofduw~ and (us)
(a) (b) (c) (d) X(du), respectively.
exchanged. Thereby, the first and second terms of Bqglo R2po(kR)
not cancel each other and accordingly this external diagram S=——— >, {Ts(w]) +Ts(—wn)},
contributes to bothC; and Lg channels. Thus thd —Nar 4m\6
matrix element can be written as
R?@1(kR) ,
(pm|A)=—ag(A —Ae) +2agA., Pi= Tami6 2 {To(wn) +Tp(—wp)}, 8

\/§<nw°|A>=a3(Ai—Ae)+2a6Ae, 3 where ¢(kR) is the radial part of the pion wave function

o with angular momenturhandR is the bag radius. While the
whereA, and A; stand for contributions from external and firs; term in the summation of EG8) is a result of the pro-
internal graphs of §s)(du) in the A—nz° process. Need- cess including the quark propagator, the second one results
less to say, the small portion &fl =3/2 comes from thé\,  from the process including the antiquark propagatey.is
in Eq. (3). the nth term of the series of eigenvalues satisfying bag

To evaluate the internal and external contributions to theyoundary conditiorj o(w,R)=j1(w,R) and w/, is jo(w}R)
A—Nm process in a consistent way, we make use of the- _j (,'R).
formalism of Ref][2]. In this scheme th8’' — B = amplitude In Eq. (8), To(w,) and T (w,) are given as
is expressed as P

Ts(wn) = 4{(w01w0)(wn ,Ps) — (wg, wp) (g, ps)}/

Aggr={(B,moulB/.)
o evn D(wo, — wn) — 6(wo, o) (wn P/ D(— wo, wp),

_ f dx*dy* % (X)(Boud TL(Y) I (X) 55/ Bgy),
(4

4
§(w0’w0)(wnips)+ §(w01wn)

Tp(wn) =

wherelJ ., is a pion source term,

X("’Oaps)] / D(wg,— wn) —6(wq,wp)

X(wn:ps)/D(_w01wn)a ©)

¢(X) is the pion wave function in spherical cavity mode, where the term which contair®(wg,— ;) in the denomi-
and Js is the surface delta function. nator comes from diagrarfb) and the term which ha®

The diagrams to be considered are presentée)id) of (-, w,) is from (c) in Fig. 2. Here the following notation
Fig. 2 which correspond to each graph in Fig. 1. Hence diais ysed:

gram(d) is the newly considered process in this paper which
is named the external diagram.

With the usual bag solution in Ref9] and the detailed
calculation method given in Refg2] and[10], we can write
the matrix element as

3, (0= (i/2f ;)d(x) ys7q(x), (5)

R
(a,ﬁ)(%ps)ZNaNgNysto drr®[jo(ar)jo(Br)

+J1(an)j(Br)]jo(¥r)jo(psr)

Ap—pr =27 8(E,+Ep—E\)xb(S—Pa-Kixy, (6) +Qsja(yr)ja(psr) ], (10
whereS and P denote parity violating and conserving parts 219
expressed as . .
P 1 2io(aR)jo(BR) a
G D(e,) ** E,+a+p
S(P)=5¢sinéc cosfc[as{S(Pi)+Se(Pe)}
m N, is a normalizing constant of the bag solution with energy
+2agSe(Pe) 1. (7) w, andj, is the spherical Bessel function. Thg, mg, and

wg Stand for the momentum, mass, and energys ofiark,
The subscripts infS(P); . denote the internal and external respectively, andl,, is p,/(w,+m,). The external parts
contributions. The internal parts are calculated in the form calculated in the same way are given as
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6R2¢,(KR) o 034

Se= W % {Ls(@m,on) — Loy, o))
—Ly(—om,— oy tL(— oy, — o))} ~0.345 fiting function
4R?p,(kR)

Po=——— 2 {~Ly(wm, o)

s ;n{ o( @, 0}) sl
+Lp(—wm,— o))}, (12
where
-0.355 numerical result
Ls(wn :wm):{(wOawm)(wny_ ps)+(w01wn)(wm1_ ps)
_(wmiwn)(woy_ps)}/D(_wm’_wn)a

-0.36
0 50

Lp( Wm ’wr;) ={(wq, wm)(wr;_ Ps) + (o, wé)(wm »—Ps) summation upperbound N

+H(on, o)) (©g,—Ps)/D(—wn,— o). FIG. 3. The points represent numerical resultsSpfat R=0.5
(13) fm as a function of the summation upper bouidnd the solid line
represents the fitting function of those points, which-i$4.26

On the other hand, diagraa) in Fig. 2, which gives only +15.7N+19.8tan 'N) X 10°%.

the p wave, can be calculated as ] ] )
The first term ofT ,(w,) is not affected by this procedure

Nngj o( @oR)? because intermediate) and final(p) states have almost the
P/ =——=—6(wg,wq)(wp,Ps) — (Xg<Yo) same static energy. Note that thg(— wy) term in Eq.(9) is
\/ng not affected by the mass shift, because this contains anti-
62: 2 quark propagation and, therefore, it does not form the baryon
—————6(wq,wp)(wp,Ps) —(Yo<Xo), pole. SinceP| in Eq. (14) has no quark propagator, it has
\/EE1T nothing to do with the effective quark mass shift and, then, it
(14) also vanishes.

In a numerical estimate, it is enough to consider the first

and consequently, this term vanishes as was seen i Hef. few terms of the summation in evaluating the internal ampli-
In this stage, we have to make some comment on th&ldes, because it converges very rapidly. However, in the

above results. The numerical estimateSand P does not  case of external amplitudes, the double summation makes a

reproduce well the experimental data. This situation wa¥ery slow convergence and we have to carry out the summa-

seen in Ref[2] also. The difference between our result andtion over a somewhat large number of terms. This tendency

that of [2] is whether diagran{d) of Fig. 2 is taken into ~can be seen in Fig. 3. If the quark in the effective Lagrangian

account in the effective Lagrangian. But these effects cannd® @ massless free Dirac field, the external amplitudes vanish

be so large as to alter the sign of th@art changes because because of thes algebra. Hence we strongly believe that the

they relate to the\ | = 3/2 transition which should be small in appearance of this quantity comes from the quark confine-

the context of the\ | = 1/2 rule. Accordingly, the baryon pole Ment.

contribution must be taken into account. In addition, we can analyze the behavior of the external
To describe the pole structure consistently, we do not altepmplitudes atw, ,wn>1. For a brief case, lets=0 and

the above equation except to introduce an effective miss  @n.Wm>E.; then thel ¢ can be written as

to the quarks in the propagator. It means that, when process

(b) in Fig. 2 is considered, the series of eigenvalues is shifted wqom (R, "
by linking up with the boundary conditionjy(p,R) Le=2, mfo drrefjg(wor) +ji(wor)]
=0,j1(psR) and the shifted ground state energyj ’ nooom
= \po+m*? satisfies X[jolomM)jo(@nr) =j1(@nr)ji(@nr)]
w5 —we=Ms—M,, (15 —const< S onR+ 0 R+ ZwmwnRz. 1

L . i . . , + w,)°R®
which is the difference between initia\() and intermediate mn - omon(@nt o) R

state energies. This alters the second term ffto,,) as . . L
() g #ton) Obviously, this summation is convergent. Note that the ex-

—6(wg, o) (P, Pe)/D(— wg,w*), (16)  ternal diagram is not always convergent. When considering
" the penguin type of_one_gluoi exchange diagram, we are
with j1(pnr)—Q,j1(p,r) and Nn—>Nw: Dy faced with theOs ¢=(ds), (uu+dd)g operators. If one does
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TABLE 1. The ratio of the decay widthl’y . /Ty N7

R 0.4 0.5 0.6 0.7 0.8 0.9 Expt. in RdfL1]
a;~2.1a,~0.4  0.644 0640 0637 0636 0638  0.644 0.641
a;~1.5a,~0.8 0653 0651 0650 0650  0.652  0.655 0.641

the same calculation in EGL7) with those operators, it gives internal contribution with no mass shift in the form factor.

a logarithmic divergence. This is reasonable since the exteifhen theP; in Eq. (8) can be written a®;:

nal amplitudes ofOs ¢ are divergent when a massless free

quark is engaged. Pio=—6F/(My—My)+4F/(M,—M,), (18
Even though the external diagram is divergent mathemati-

cally, it is no serious problem in this case. When the energ

w, reaches thévl,, region, the effective Lagrangian reveals

the W boson propagator and therefore we can deduce that it 62 )

moderates the logarithmic divergence. As a result, it is - NoR“Jo(@oR)

enough to sum over the energy eigenvalueswgt=M,y \/g

when we evaluate the external amplitudes.

Xvhere

(wg,00)(@g,Ps)- (19

If P/ in Eqg. (14), which vanishes in our scheme, has a

lll. RESULTS AND DISCUSSION baryon pole structure, we can write it in the form
Because the dependence of thgis very weak, we fixed )
the mass of the quark as 200 MeV in our calculations. One Pi=-6F/(My—My)+6F/(My—My).  (20)
can see almost the same result as that obtained with the mass
fixed to zero. One can see tha] + P;, is none other than tha° of thep

Table | shows the ratio of the decay rdtg ..~ /I'x .n»  part in Ref[3]. As a result, we find that th&° of thep part
versusR. The experimental value is well reproduced aroundin Ref.[3] represents the leading term of the radial excitation
R=0.6 fm with ag=2.1 andas=0.4 and, accordingly, the in our result. From the above analysis, one can see the dif-
Al'=3/2 channel is sufficiently suppressed at that range of ference feature between the results of our scheme and those
There are two reasons for the suppression ofAtie=3/2  of Ref.[3]. While the amplitude ofa) in Fig. 2 vanishes in
channel. One of them is the one gluon exchange effect, i.eour case, it gives an important contribution in R]. Ac-
az/ag=5, and the other is the relatively small contribution cordingly, we can see that the external contribution is impor-

of the external part, i.eS./S=0.04 atR=0.7 fm. tant in the case of the part as shown in Table III.

On the other hand, with;=1.5 andas=0.8, we can see  Though it is impossible to separa® and Pj, in the
that the ratioas/as=2 is insufficient to suppress th&l  scheme of Ref[3] alone, this is possible by comparify,
=3/2 channel and, accordingly, the theoretical values argnd p; with Ref.[3]; that is to say, we can simply deduce
relatively worse than before. that the first term ofP; corresponds to Fig. (&) with X,

Table Il showsSandP versusR together with the experi- _
mental values. In this table, we can see that experimentzﬂ
values ofS and P are well reproduced a@R=0.6-0.7 fm,
and they have the right relative signs.

At this stage, it is worth comparing our result of theart
with that of Ref.[3]. The authors of Ref.3] described the

Yo and the first term oP,, to Fig. 2c). This relation can
e seen more explicitly by considering the—n=° process
rather than theA —p#~ process. The amplitude of the
—n7° process withx,<y, in Ref.[3] can be written as

intermediate state with a static baryon wave function to give <n|UsEu|E°)(EO|Uu—Ed|A>, (21)
the baryon pole for the case of tipepart, while thes part
was estimated with a quark propagator. and (n|UsEu|E°>(EO|Uu|A> is obviously possible

To see the difference between these two methods explicdmy through a Fig. @) type diagram, while
itly,_ let a; andag be u_nity and echL_Jde the external contri- (n|UsEu|2°)(E°|—Ed|A) is possible only through a Fig.
bution and only consider the leading term=<0) of the 2(a) type diagram. In a detailed calculation, the results of the

TABLE Il. s andp of A—»pw~ decay withaz=2.1 andag TABLE IIl. P amplitude forR=0.6-0.9

=0.4.
~7
R 0.60 0.65 0.70 0.75 Exp. R 0.6 0.7 0.8 0.810
S 4.20 317 543 190 396107 P in [3] 0.774 0.484 0.320 0.24110° 7
i i ' i i P; 0.20 0.181 0.158 0.13510 7
p 1.24 1.11 1.00 0.90 1.2810 7 P 0.238 0.177 0.136 0.10810° 7
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