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L˜Np process with an external diagram and the quark mass shift

S. Y. Yoo and Il-Tong Cheon
Department of Physics, Yonsei University, Seoul, 120-749, Korea

~Received 11 June 1999; published 30 December 1999!

The L→Np 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 ratioGL→pp2 /GL→Np is also shown to agree well with experimental data.

PACS number~s!: 13.30.Eg, 13.75.Ev
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I. INTRODUCTION

In the analysis of a nonleptonic decay amplitude, tra
tionally, the method of calculating the parity violating~PV!
amplitude is different from that of the parity conserving~PC!
part. The former, which corresponds to a pions wave, is
obtained by current commutation, while the latter, cor
sponding to a pionp wave, is calculated by the baryon po
approximation. Since the 1980s, this nonleptonic decay p
cess has been studied in terms of the quark by many aut
@1–3#. Although they could not fully explain the experimen
tal results of all nonleptonic hyperon decay processes,
believed that these approaches are not absolutely wrong

In this work, we follow the formalism given in Ref.@2#.
The main characteristic of Ref.@2# is that thes- andp-wave
amplitudes are obtained in a consistent procedure such a
low energy strong interaction between quarks in baryons
mesons described by chiral symmetry and confinement,
the weak interaction is introduced, imposing local gauge
variance of the whole strong Lagrangian under SU(2L
^ U(1) transformations. In this sense it seems to be m
elegant than other approaches. But the result in Ref.@2# is
not reasonable because it gives the wrong relative sign to
s andp terms in comparison with the experimental data.

In order to explain the experimental data more reas
ably, we modify this formalism in the following three way
First, we calculate an external contribution which is not co
sidered in Ref.@2#. This term, called ‘‘separable,’’ was con
sidered in terms of an SU(3) parameter in Ref.@1#. Retain-
ing self-consistency, we derive it in a natural manner fro
the same formalism as that given in Ref.@2#. Moreover, it is
shown to yield a very meaningful contribution to the par
conserving amplitude. Second, we describe this nonlept
process with the effective Lagrangian constructed by a
gluon exchange correction@4–6#. This Lagrangian makes th
DI 53/2 contribution sufficiently small in our case. Finall
when the internal transition in the p-wave part occurs,
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intermediate state can be described as a baryon pole. We
reexamine this pole structure by the quark mass in the pro
gator by the amount of baryon mass difference in initial~fi-
nal! and intermediate states.

II. THEORY

The Lagrangian describing the nonleptonic weak proce
which is evaluated with one gluon exchange and renorm
ization group scaling@4,6,7#, is

L5
1

2A2
G sinuC cosuC~a3 L31a6 L6!, ~1!

whereuC is the Cabibbo angle andL3,6 are given as

L3,65~ ūigL
msi !~ d̄ jgmLuj !7~ ūigL

mui !~ d̄ jgmLsj !, ~2!

with gL
m5gm(12g5). In Eq. ~2!, the negative~positive! sign

refers toL3 (L6). The subscripts 3 and 6 indicate the d
mensions of the SU~3! color group of the final state3^ 3
56% 3̄, and i, j represent the color indices.a3.2.1 anda6
.0.4 which are evaluated atm.1 GeV andas(m).0.4
with one gluon exchange ora3.1.5 anda6.0.8 @8# with
renormalization group scaling. Group structure tells us t
L3 allows aDI 51/2 transition whileL6 includes bothDI
51/2 and 3/2.

For theL→pp2process, we have to consider the qua
diagrams shown in Fig. 1. Among those diagrams,~a!–~c!
are called internal graphs and~d! is an external graph. The
internal graphs contribute only to theL3 transition channel,
because minus signs~originating from color, anticommuting
of fermions, and Fierz rearrangement! appear when the ini-
tial quark legss,u in (ūs)(d̄u) are exchanged. However, i
the case of the external diagram, the hadronic matrix elem
is ^puūsuL&^p2ud̄uu0& and the factor11/3 appears due to
the color degree of freedom when the initial quark legs
-
d

FIG. 1. These graphs are pos
sible processes we considere
here for theL→pp2 decay:~a!,
~b!, and~c! represent internal pro-
cesses and~d! is the external pro-
cess.
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FIG. 2. Diagrams generated b
the time ordering in the bracket
of Eq. ~4!. Each diagram repre-
sents two casesx0.y0 and y0

.x0, wherex andy are the inter-

action points ofd̄up2 and (ūs)

3(d̄u), respectively.
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exchanged. Thereby, the first and second terms of Eq.~2! do
not cancel each other and accordingly this external diag
contributes to bothL3 and L6 channels. Thus theL→Np
matrix element can be written as

^pp2uL&52a3~Ai2Ae!12a6Ae ,

A2^np0uL&5a3~Ai2Ae!12a6Ae , ~3!

whereAe and Ai stand for contributions from external an
internal graphs of (ūs)(d̄u) in the L→np0 process. Need-
less to say, the small portion ofDI 53/2 comes from theAe
in Eq. ~3!.

To evaluate the internal and external contributions to
L→Np process in a consistent way, we make use of
formalism of Ref.@2#. In this scheme theB8→Bp amplitude
is expressed as

AB8Bp5^B,poutuBin8 &

5E dx4dy4fp* ~x!^BoutuTL~y!Jp i
~x!dSuBout8 &,

~4!

whereJp is a pion source term,

Jp i

i ~x!5~ i /2f p!q̄~x!g5t iq~x!, ~5!

fp(x) is the pion wave function in spherical cavity mod
andds is the surface delta function.

The diagrams to be considered are presented in~a!–~d! of
Fig. 2 which correspond to each graph in Fig. 1. Hence d
gram~d! is the newly considered process in this paper wh
is named the external diagram.

With the usual bag solution in Ref.@9# and the detailed
calculation method given in Refs.@2# and@10#, we can write
the matrix element as

AL→pp252pd~Ep1Ep2EL!xP
† ~S2Ps• k̂!xL , ~6!

whereS and P denote parity violating and conserving par
expressed as

S~P!5
G

2 f p
sinuC cosuC@a3$Si~Pi !1Se~Pe!%

12a6Se~Pe!#. ~7!

The subscripts inS(P) i ,e denote the internal and extern
contributions. The internal parts are calculated in the for
03400
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Si5
R2w0~kR!

4pA6
(

n
$Ts~vn8!1Ts~2vn!%,

Pi5
R2w1~kR!

4pA6
(

n
$Tp~vn!1Tp~2vn8!%, ~8!

wherew l(kR) is the radial part of the pion wave functio
with angular momentuml andR is the bag radius. While the
first term in the summation of Eq.~8! is a result of the pro-
cess including the quark propagator, the second one re
from the process including the antiquark propagator.vn is
the nth term of the series of eigenvalues satisfying b
boundary conditionj 0(vnR)5 j 1(vnR) and vn8 is j 0(vn8R)
52 j 1(vn8R).

In Eq. ~8!, Ts(vn) andTp(vn) are given as

Ts~vn!54$~v0 ,v0!~vn ,ps!2~v0 ,vn!~v0 ,ps!%/

D~v0 ,2vn!26~v0 ,v0!~vn ,ps!/D~2v0 ,vn!,

Tp~vn!5H 8

3
~v0 ,v0!~vn ,ps!1

4

3
~v0 ,vn!

3~v0 ,ps!J Y D~v0 ,2vn!26~v0 ,v0!

3~vn ,ps!/D~2v0 ,vn!, ~9!

where the term which containsD(v0 ,2vn) in the denomi-
nator comes from diagram~b! and the term which hasD
(2v0 ,vn) is from ~c! in Fig. 2. Here the following notation
is used:

~a,b!~g,ps!5NaNbNgNsE
0

R

drr 2@ j 0~ar ! j 0~br !

1 j 1~ar ! j 1~br !#@ j 0~gr ! j 0~psr !

1Vsj 1~gr ! j 1~psr !#, ~10!

and

1

D~a,b!
5NaNb

2 j 0~aR! j 0~bR!

Ep1a1b
. ~11!

Na is a normalizing constant of the bag solution with ener
va and j l is the spherical Bessel function. Theps , ms, and
vs stand for the momentum, mass, and energy ofs quark,
respectively, andVa is pa /(va1ma). The external parts
calculated in the same way are given as
6-2
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Se5
6R2w0~kR!

4pA6
(
m,n

$Ls~vm ,vn!2Ls~vm8 ,vn8!

2Ls~2vm ,2vn!1Ls~2vm8 ,2vn8!%

Pe5
4R2w1~kR!

4pA6
(
n,m

$2Lp~vm ,vn8!

1Lp~2vm ,2vn8!%, ~12!

where

Ls~vn ,vm!5$~v0 ,vm!~vn ,2ps!1~v0 ,vn!~vm,2ps!

2~vm ,vn!~v0 ,2ps!%/D~2vm ,2vn!,

Lp~vm ,vn8!5$~v0 ,vm!~vn82ps!1~v0 ,vn8!~vm ,2ps!

1~vm ,vn8!~v0 ,2ps!%/D~2vm ,2vn8!.

~13!

On the other hand, diagram~a! in Fig. 2, which gives only
the p wave, can be calculated as

Pi85
N0

6R2 j 0~v0R!2

A6Ep

6~v0 ,v0!~v0 ,ps!←~x0,y0!

2
N0

6R2 j 0~v0R!2

A6Ep

6~v0 ,v0!~v0 ,ps!←~y0,x0!,

~14!

and consequently, this term vanishes as was seen in Ref@2#.
In this stage, we have to make some comment on

above results. The numerical estimate ofS and P does not
reproduce well the experimental data. This situation w
seen in Ref.@2# also. The difference between our result a
that of @2# is whether diagram~d! of Fig. 2 is taken into
account in the effective Lagrangian. But these effects can
be so large as to alter the sign of thep part changes becaus
they relate to theDI 53/2 transition which should be small i
the context of theDI 51/2 rule. Accordingly, the baryon pol
contribution must be taken into account.

To describe the pole structure consistently, we do not a
the above equation except to introduce an effective massm*
to the quarks in the propagator. It means that, when pro
~b! in Fig. 2 is considered, the series of eigenvalues is shi
by linking up with the boundary conditionj 0(pnR)
5Vnj 1(pnR) and the shifted ground state energyv0*
5Ap0

21m* 2 satisfies

v0* 2v0.MS2ML , ~15!

which is the difference between initial (L) and intermediate
(S) state energies. This alters the second term ofTp(vn) as

26~v0 ,v0!~pn ,ps!/D~2v0 ,vn* !, ~16!

with j 1(pnr )→Vnj 1(pnr ) andNn→Nv
n* ,pn ,m* .
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The first term ofTp(vn) is not affected by this procedur
because intermediate~n! and final~p! states have almost th
same static energy. Note that theTp(2vn8) term in Eq.~9! is
not affected by the mass shift, because this contains a
quark propagation and, therefore, it does not form the bar
pole. SincePi8 in Eq. ~14! has no quark propagator, it ha
nothing to do with the effective quark mass shift and, then
also vanishes.

In a numerical estimate, it is enough to consider the fi
few terms of the summation in evaluating the internal amp
tudes, because it converges very rapidly. However, in
case of external amplitudes, the double summation mak
very slow convergence and we have to carry out the sum
tion over a somewhat large number of terms. This tende
can be seen in Fig. 3. If the quark in the effective Lagrang
is a massless free Dirac field, the external amplitudes va
because of theg algebra. Hence we strongly believe that t
appearance of this quantity comes from the quark confi
ment.

In addition, we can analyze the behavior of the exter
amplitudes atvn ,vm@1. For a brief case, letms.0 and
vn ,wm@Ep ; then theLs can be written as

Ls.(
n,m

vnvm

~vn1vm!2E0

R

drr 2@ j 0
2~v0r !1 j 1

2~v0r !#

3@ j 0~vmr ! j 0~vnr !2 j 1~vmr ! j 1~vnr !#

.const3(
m,n

vmR1vnR12vmvnR2

vmvn~vm1vn!3R5
. ~17!

Obviously, this summation is convergent. Note that the
ternal diagram is not always convergent. When consider
the penguin type of one gluon exchange diagram, we
faced with theO5,6.(d̄s)L(ūu1d̄d)R operators. If one does

FIG. 3. The points represent numerical results ofSe at R50.5
fm as a function of the summation upper boundN and the solid line
represents the fitting function of those points, which is2(4.26
115.7/N119.8 tan21N)31022.
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TABLE I. The ratio of the decay width,GL→pp2 /GL→Np .

R 0.4 0.5 0.6 0.7 0.8 0.9 Expt. in Ref.@11#

a3.2.1,a6.0.4 0.644 0.640 0.637 0.636 0.638 0.644 0.641

a3.1.5,a6.0.8 0.653 0.651 0.650 0.650 0.652 0.655 0.641
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the same calculation in Eq.~17! with those operators, it give
a logarithmic divergence. This is reasonable since the ex
nal amplitudes ofO5,6 are divergent when a massless fr
quark is engaged.

Even though the external diagram is divergent mathem
cally, it is no serious problem in this case. When the ene
vn reaches theMW region, the effective Lagrangian revea
the W boson propagator and therefore we can deduce th
moderates the logarithmic divergence. As a result, it
enough to sum over the energy eigenvalues atvn.MW
when we evaluate the external amplitudes.

III. RESULTS AND DISCUSSION

Because the dependence of thems is very weak, we fixed
the mass of thes quark as 200 MeV in our calculations. On
can see almost the same result as that obtained with the
fixed to zero.

Table I shows the ratio of the decay rateGL→pp2 /GL→Np

versusR. The experimental value is well reproduced arou
R.0.6 fm with a3.2.1 anda6.0.4 and, accordingly, the
DI 53/2 channel is sufficiently suppressed at that range oR.
There are two reasons for the suppression of theDI 53/2
channel. One of them is the one gluon exchange effect,
a3 /a6.5, and the other is the relatively small contributio
of the external part, i.e.,Se /Si.0.04 atR.0.7 fm.

On the other hand, witha3.1.5 anda6.0.8, we can see
that the ratioa3 /a6.2 is insufficient to suppress theDI
53/2 channel and, accordingly, the theoretical values
relatively worse than before.

Table II showsSandP versusR together with the experi-
mental values. In this table, we can see that experime
values ofS and P are well reproduced atR50.6–0.7 fm,
and they have the right relative signs.

At this stage, it is worth comparing our result of thep part
with that of Ref.@3#. The authors of Ref.@3# described the
intermediate state with a static baryon wave function to g
the baryon pole for the case of thep part, while thes part
was estimated with a quark propagator.

To see the difference between these two methods ex
itly, let a3 anda6 be unity and exclude the external cont
bution and only consider the leading term (n50) of the

TABLE II. s and p of L→pp2 decay witha3.2.1 anda6

.0.4.

R 0.60 0.65 0.70 0.75 Exp.

s 4.20 3.17 2.43 1.90 3.2531027

p 1.24 1.11 1.00 0.90 1.1831027
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internal contribution with no mass shift in the form facto
Then thePi in Eq. ~8! can be written asPi0:

Pi0526F/~MS2MN!14F/~ML2MN!, ~18!

where

F5
N0

6R2 j 0~v0R!2

A6
~v0 ,v0!~v0 ,ps!. ~19!

If Pi8 in Eq. ~14!, which vanishes in our scheme, has
baryon pole structure, we can write it in the form

Pi8526F/~MS2MN!16F/~ML2MN!. ~20!

One can see thatPi81Pi0 is none other than theL2
0 of thep

part in Ref.@3#. As a result, we find that theL2
0 of thep part

in Ref. @3# represents the leading term of the radial excitat
in our result. From the above analysis, one can see the
ference feature between the results of our scheme and t
of Ref. @3#. While the amplitude of~a! in Fig. 2 vanishes in
our case, it gives an important contribution in Ref.@3#. Ac-
cordingly, we can see that the external contribution is imp
tant in the case of theP part as shown in Table III.

Though it is impossible to separatePi8 and Pi0 in the
scheme of Ref.@3# alone, this is possible by comparingPi0

and Pi8 with Ref. @3#; that is to say, we can simply deduc
that the first term ofPi8 corresponds to Fig. 2~a! with x0

,y0 and the first term ofPi0 to Fig. 2~c!. This relation can
be seen more explicitly by considering theL→np0 process
rather than theL→pp2 process. The amplitude of theL
→np0 process withx0,y0 in Ref. @3# can be written as

^nuūsd̄uuS0&^S0uūu2d̄duL&, ~21!

and ^nuūsd̄uuS0&^S0uūuuL& is obviously possible
only through a Fig. 2~c! type diagram, while

^nuūsd̄uuS0&^S0u2d̄duL& is possible only through a Fig
2~a! type diagram. In a detailed calculation, the results of

TABLE III. P amplitude forR50.6–0.9.

R 0.6 0.7 0.8 0.931027

P in @3# 0.774 0.484 0.320 0.22131027

Pi 0.20 0.181 0.158 0.13531027

Pe 0.238 0.177 0.136 0.10831027
6-4
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two cases are identical as theL→pp2 process does. In
addition, we can easily see the same correlation in they0
,x0 case between theL→pp2 andL→np0 processes, and
accordingly, theDI 51/2 rule is satisfied with each of th
internal diagrams of Fig. 2 separately in our case and in R
@3#, respectively.
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