PUBLISHED VERSION

Guo, Xuhong; Thomas, Anthony William
Direct CP violation in Ab—n(A)m+11- decays via p-w mixing Physical Review D, 1998;
58(9):096013

© 1998 American Physical Society
http://link.aps.org/doi/10.1103/PhysRevD.58.096013

PERMISSIONS

http://publish.aps.org/authors/transfer-of-copyright-agreement

“The author(s), and in the case of a Work Made For Hire, as defined in the U.S.
Copyright Act, 17 U.S.C.

8101, the employer named [below], shall have the following rights (the “Author Rights”):
[...]

3. The right to use all or part of the Article, including the APS-prepared version without
revision or modification, on the author(s)’ web home page or employer’s website and to
make copies of all or part of the Article, including the APS-prepared version without
revision or modification, for the author(s)’ and/or the employer’s use for educational or
research purposes.”

15th April 2013

http://hdl.handle.net/2440/10906



http://hdl.handle.net/2440/10906�
http://link.aps.org/doi/10.1103/PhysRevD.58.096013�
http://link.aps.org/doi/10.1103/PhysRevD.62.093023�
http://hdl.handle.net/2440/10906�
http://publish.aps.org/authors/transfer-of-copyright-agreement�

PHYSICAL REVIEW D, VOLUME 58, 096013
Direct CP violation in A,—n(A)«* &~ decays viap-w mixing
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We study direcCP violation in the bottom baryon decays,— fp®(w)—f# "7~ (f=nor A). Itis found
that in these decays vig-w mixing the CP violation could be very large when the invariant mass of the
a* @ pair is in the vicinity of thew resonance. With a typical valié,=2 in the factorization approach, the
maximum C P-violating asymmetries are more than 50% and 68% Agr—nw* 7~ and Ay,—An 7™,
respectively. With the aid of heavy quark symmetry and phenomenological models for the hadronic wave
functions of A,, A and the neutron, we estimate the branching ratios Mf—n(A)p°.
[S0556-282(198)06419-4

PACS numbes): 11.30.Er, 12.15.Hh, 12.39.Hg, 13.20.He

I. INTRODUCTION occurs through the interference of two amplitudes with dif-
ferent weak and strong phases. The weak phase difference is
CP violation is still an open problem in the standard determined by the CKM matrix elements while the strong
model, even though it has been known in the neutral kao®hase is usually difficult to control. In Refg5,6], the au-
system for more than three decadés$ The study ofCP  thors studied directCP violation in B hadronic decays
violation in other systems is important in order to understandhrough the interference of tree and penguin diagrams, where
whether the standard model provides a correct description gf-@ Mixing was used to obtain a large strong phése re-
this phenomenon through the Cabibbo-Kobayashi-Maskawguired for largeCP violation). The data fo'e+e_?77+77_
(CKM) matrix. |n'the p-w interference region strongly constrains thew
Recent studies of diredEP violation in the B meson MiXing parameters. Gardnet aIfSta?“SOhEd not+only that
system[2] have suggested that lar@P-violating asymme- f[he CP-violating asymmetry. II’B*.—>p*p (w)_”f? ™
tries should be observed in forthcoming experiments. It ig> more than 20% when the invariant mass of e pair

also interesting to stud€ P violation in the bottom baryon S E1e.ar t'ha mass, but that the measurement of the
. . . . CP-violating asymmetry for these decays can remove the
system in order to find the physical channels which maymod( ) uncertainty in arg—V,gV:/(Vogv*)] [6]. In the
have largeCP asymmetries, even though the branching ra- ¢ y Vb Tud Fub, '
. ' resent work we generalize these discussions to the bottom
tios for such processes are usually smaller than those for tHe - S
. aryon case. It will be shown that tf@P violation in Ay
corresponding processes of bottom mesons. The stu@yPof hadronic decays could be very large
violation in the bottom system will be helpful for under- :

. . . . . In our discussions hadronic matrix elements for both tree
standing the origin o€ P violation and may provide useful n4 penguin diagrams are involved. These matrix elements

information about the possible baryon asymmetry in our unire controlled by the effects of nonperturbative QCD which
verse. Actually, some data on the bottom baryophave e gifficult to handle. In order to extract the strong phases in

appeared just recently. For instance, OPAL has measured iy giscussions we will use the factorization approximation
lifetime and the production branching ratio for the inclusive g that one of the currents in the nonleptonic decay Hamil-
semileptonic decay,— Al ™~ vX [3]. Furthermore, measure- tonian is factorized out and generates a meson. Thus the
ments of the nonleptonic decay,— AJ/y have also been decay amplitude of the two body nonleptonic decay becomes
reported[4]. More and more data are certainly expected inthe product of two matrix elements, one related to the decay
the future. It is the purpose of the present paper to study theonstant of the factorized meson and the other to the weak

CP violation problem in the hadronic decays,—nz* 7~ transition matrix element between two hadrons.

andAp,— A7t 7. There have been many discussions concerning the plausi-
The CP-violating asymmetries in the decays we are con-bility of the factorization approach. Since bottom hadrons are
sidering arise from the nonzero phase in the CKM matrix,very heavy, their hadronic decays are energetic. Hence the
and hence we have the so-called dir€d® violation which  quark pair generated by one current in the weak Hamiltonian

moves very fast away from the weak interaction point.

Therefore, by the time this quark pair hadronizes into a me-

*Electronic address: xhguo@physics.adelaide.edu.au son it is far away from other quarks and is therefore unlikely
"Electronic address: athomas@physics.adelaide.edu.au to interact with the remaining quarks. Hence this quark pair
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is factorized out and generates a meson. This argument is
based on the idea of “color transparency” proposed by
Bjorken [7]. Dugan and Grinstein proposed a formal proof
for the factorization approach by constructing a large energy, .
effective theory{8]. They established that when the energyIt can be seen explicitly from Eq4) th.at b,Oth weak 'and
of the generated meson is very large the meson can be fafirong phases are needed to prodd¢eviolation. p- mix-
torized out and the deviation from the factorization ampli-""g has the dual advantages that the strong phase difference
tude is suppressed by the energy of the factorized meson. IS 1arge(passing through 90° at the resonanceand well
Furthermore, we will estimate the branching ratios for theknoWn. In this scenario one h&]
decay moded ,—n(A)p°. In the factorization approach the

|A|2—|A|2 _ —2rsingsing
|A[2+|A]2  1+2r cosScosg+r2’

a=

4

decay rates for these processes are determined by the weak (m™* Tf*f|HT|Ab>:&ﬁpwtw+ %tp, (5)
matrix elements betweeA, and n(A). With the aid of SpSw Sp
heavy quark effective theoHQET) [9] it is shown that in . g
the heavy quark Ilmlt,mb—>oo, there are two independent (rtm f|H P A ) = —2 ﬁpwpw+ —ppp, 6)
form factors. We will apply the model of Reff10,1]] to SpSw Sp

determine these two form factors and hence predict the i ) )
branching ratios for\ ,— n(A)p°. whergtv (V=p or @) is the tree andoy is the penguin
The remainder of this paper is organized as follows. In@MPplitude for producing a vector meson, V, hy—fV, g,
Sec. Il we give the formalism for thé P-violating asymme- is the coupling forp®—=*x~, II,, is the effectivep-w
try in Ap—fp%(w)—fm 7~ (f=norA) and calculate the mixing amplitude, and;;l is the propagator of V,
strong phases in the factorization approach. Numerical re-
sults will also be shown in this section. In Sec. lll we apply
the result of HQET and the model of Refd.0,11] to esti- ) , , i .
mate the branching ratios fdr,—n(A)p°. The results from  With Vs being the invariant mass of the” =~ pair.
the nonrelativistic quark modélL2] will also be presented . iS extracted[13,14 from the data fore'e"
for comparison. Finally, Sec. VI is reserved for a brief sum-— 7" 7~ [15] when /s is near thew mass. Detailed discus-
mary and discussion. sions can be found in Reff5,13,14. The numerical values
are

Sy=S— m\2/+imvrv,

Y

[l. CP VIOLATION IN Ap—n(A)@* 7~ DECAYS

Rell,,,(m2)=—3500+300 Me\?,

A. Formalism for CP violation in Ap—n(A)w* o~

~ 2
The formalism forCP violation in B meson hadronic ImHP“’(mw)_ 300+300 MeV.

decays[5,6] can be generalized td,, in a straightforward
manner. The amplitudey, for the decayA\,—f#* 7 is

)

We stress that the direct coupling— atw” is effectively
absorbed intdl,,, where it contributes songdependence.
The limits on thiss-dependencel’[pw(s)=1'[pw(mt20)+(s
—m2)I1) (m2), were determined in the fit of Gardner and
where H' and 1" are the Hamiltonians for the tree and O’Connell,ﬁl’,w(mi)zo.o&: 0.04[13]. In practice, the ef-

A=(mta f|HT|Ap) +{m 7 f|HP|Ay),

penguin diagrams, respectively. Following Réfs6] we de-

fect of the derivative term is negligible.

fine the relative magnitude and phases between these two From Egs.(1), (2), (5), (6) one has

diagrams as follows:

oo I Pet SeP
—(mta fHT i0ai ¢ rel%eid=2L2 2P 8
A=(mra flH |Ap)[1+re'%e'?], Tt +sot,
A=(m 7 fHT|Ap)[1+re%e 4], (2)  Defining
where 6 and ¢ are strong and weak phases, respectively. &Er’ei(‘sﬁ 28 t_‘”Eaei Sa &Eﬂeiéﬁ, (9)
is caused by the phase in the CKM matrix, and if the top t, t, Pw

is
whered,, 65 and g, are strong phases, one has the follow-
ing expression from Eq8)

quark dominates penguin diagram contributions it
ard Vi Vig/ (VupVig) ] for b—d and argV,Vid (VupVid]
for b—s. The parameter is the absolute value of the ratio
of tree and penguin amplitudes:

IT,,+ Be' s,

re®=r’e'% - .
S, +11,,a€"%

(10
| i)

[t f T A

()
It will be shown that in the factorization approach, for
both Ap—nw*7~ and A,—Axw* 7", we have(see Sec.
The CP-violating asymmetrya, can be written as Il C for detaily

096013-2
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ae'le=1. (11)

Letting
r'e%a=d+ei,

Be'’s=b+ci, (12

and using Eq(10), we obtain the following result whexfs
~m,:

C+Di
(s—m2+Rell )2+ (Iml,,+m,I',)?’

refd= (13

where
C=(s—m2+Rell,,){d[Rell,,,+b(s—m2)—cm,I",]
—e[ImIl,,,+bm,I",+c(s—m?)]}
+(ImTl,,+m,T,){e[Rell,,+b(s—m2)—cm,I',]

+d[ImTL,,+bm,,+c(s—m2)]},

D=(s—m2+Rell,,){e[Rell ., +b(s—m2)—cm,[',,]
+d[ImIL,,+bm,I,+c(s—m2)]}
—(Im1Il,,+m,I){d[Rell ,,+b(s—m2)—cm,I,]

—e[lm ﬁpw+bmwl“w+c(s—mi)]}. (14)

Be'% andr’e' % will be calculated later. Then from Egs.

(13) and (14) we obtainrsing, rcoss andr. In order to get
the CP-violating asymmetna in Eq.(4) sing and cog are

neededq is determined by the CKM matrix elements. In the

Wolfenstein parametrizatiofiLl6], and in the approximation

PHYSICAL REVIEW D 58 096013

B. The effective Hamiltonian

With the operator product expansion, the effective Hamil-
tonian relevant to the processag— fp°(w) is

H _& VvV 0Y+¢,0Y
Ale_\/E ubVuq(€101+€203)
10

_thV:(q_Eg ciO;
-

+H.c.,

(17)

where the Wilson coefficients;;(i=1,...,10), are calcu-
lable in perturbation theory and are scale dependent. They
are defined at the scale~m, in our case. The quark
could bed or s for our purpose. The operato€; have the
following expression

Og:aa’)/,u,(l_ 75)UBU37M(1_ ¥s5)bg

04=07,(1— ys)uuy*(1— ys)b,

03=0q7,(1—y5)b>X, q'y*(1—y5)q’,
q/
04= 0oy, (1- ¥5)bp > apy*(1-¥5)dL,,
q!
O5=07,(1—y5)b>X, q'y*(1+y5)q’,
q/

O6=0a¥,(1— ¥5)bp > Qs (1+¥5)d.,,
q!

that the top quark dominates the penguin diagrams, we have

7
VIp(1—p)— 7212+ 72

(sing)"=

p(1—p)— 7
Vip(1—p)— 7212+ 72

(cose)"= (15)

for Ap,—n@" 7", and

7

sing)d=— ,
(sné) VIp(1+\2p) + N2 722+ 72

p(1+\2p)+\29?

VIp(1+22p) + N2 722+ 72

(cosgp)t=—

(16)

for A,—A 7" 7. Note that here, and in what follows, all

the quantities with the superscript(or A) represent those
for Ay—np°w) [or Ay— ApS(w)].

3— 7 ’
O7=§qw(1—7s)b2 eq'a" v*(1+y5)q’,
ql
3 7 ’
Og= E%?’M(l_%)bﬁ% €q'dpY“(1+ v5)d,,
3— o '
Og=507,(1= ¥5)b2 eqq' y*(1-¥5)q',
q!

3 - ,
O10= 50a¥u(1- 7’5)bﬁz €q'dpY" (1= ¥5)0a
! (18)

wherea and B are color indices, and’=u, d, s quarks.
In Eg. (18) O} and O3 are the tree level operator®;—0Og
are QCD penguin operators, which are isosing2{—0q
arise from electroweak penguin diagrams, and they have
both isospin 0 and 1 components.

The Wilson coefficientsg;, are known to the next-to-
leading logarithmic order{17,18. At the scale u=m,
=5 GeV their values are

096013-3
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c,=—0.3125, ¢,=1.1502, c;=0.0174,
c,=—0.0373, c5=0.0104, cg=—0.0459,
c,=—1.050<10"°, c4=3.839x10 4,
Co=—0.0101, c;o=1.959x10 3. (19

To be consistent, the matrix elements of the opera@rs

PHYSICAL REVIEW D58 096013

c,=-0.3125, c;=1.1502

c5=2.43310 2+1.543x 10" 3,

c,=—5.808<102—4.628< 103,

cL=1.733x10 2+1.543< 10 3,

should also be renormalized to the one-loop order. This re-

sults in the effective Wilson coefficients; , which satisfy
the constraint

ci(w){Oi(n))=c{(O}"9, (20

where{O;(u)) are the matrix elements, renormalized to one-

loop order. The relations betweeh andc; read

€C;=C;, C5=Cp, Cg=Cz3— P43,

C,=C4+Ps, Cg=C5— P43,

c¢=Ce¢t+Ps, ci=cCy+Pg,

! ! !
Cg=Cg, Cg=CgtPg, C15=Cyp, (21)

where
Ps=(as/8m)c,[10/9+G(me, u,67)],
Pe=(@er{9m) (31 +C5)[10/9+ G(mc, 1, G7)],
with
m2—x(1—x)g?

PE

1
G(mc,,u,q2)=4f dxx(1—x)In
0
whereq? is the momentum transfer of the gluon or photon in
the penguin diagramsG(m,u,q%) has the following ex-
plicit expressior19]:

2[ m 5 m m2
ReG=— |n—2———4—2+ 1-|-2—2
3\ w? 3 g g
mZ 1+ V1—4(mZ/g?)
X 1-4—1In )
9’ 1-1-4(mi/g?)
2 m2 m2
mG=——n| 1+2—| \/1-4—. (22)
q q

Based on simple arguments fqf at the quark level, the
value ofg? is chosen in the range G:31>/m2<0.5 [5,6].
From Egs.(19), (21) and(22) we can obtain numerical val-
ues ofc/ . Wheng?/m2=0.3,

Co=—6.668<10 2—4.628< 103,

ch=—1.435¢10"%-2.963x 10 °i,

cy=3.839 10 4,

—1.023x1072—-2.963x 107 5i,

!
Cg

C1o=1.959x 103, (23

and wheng?/m2=0.5,

c{=-0.3125, c,=1.1502

€5=2.120<10 2+5.174x 103,

c,=—4.869<10 2—1.552x 10 ?i,

c.=1.420<10 2+5.174x 10 3,

Cg=—5.729<10 2—1.552x 10" 2,

c,=—8.340<10 °—9.938x 10" %,

C4=3.839< 1074,

cy=—1.017x10"2-9.938< 10" %i,

Cc1o=1.959x 103, (24)

where we have takefg(mz)=0.112, ae(mM,)=1/132.2,
m,=5 GeV andm,=1.35 GeV.

C. CP violation in Ayp—n(A)w* 7~

In the following we will calculate th& P-violating asym-
metries inA,—n(A)7*7~. With the Hamiltonian in Eq.
(17) we are ready to evaluate the matrix elements. In the
factorization approximatiop®(w) is generated by one cur-
rent which has the proper quantum numbers in the Hamil-
tonian.

096013-4
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First we considerA,—np°(w). After factorization, the It should be noted that in E¢26) we have neglected the
contribution tot; from the tree level operatdd; is color-octet contribution, which is nonfactorizable and diffi-
o . cult to calculate. Thereforéy, should be treated as an effec-
(p°n|OY|Apy=(p°(uu)|0)(n|(db)|A,)=T, (25  tive parameter and may deviate from the naive value 3. In
B . the same way we find thaf =t", hence, from Eq(9),
where @u) and db) denote the V-A currents. Using the
Fierz transformation the contribution @} is (1N()T. (ae'a)"=1, (27
Hence we have
In a similar way, we can evaluate the penguin operator

th=| ¢+ —CZ)T. (26) contributionsp;, and p, with the aid of the Fierz identities.
N¢ From Eq.(9) we have
|
1 1 1 3
—2| ¢4+ —cCz|+3| ci+—cCg|+| 3+ —|Ccot| 1+ —]|cCyp
(e Ne e e h @9
2 1 1 )
2| 2+ —|cg+2| 1+ —|cy+4| ci+ —cg| +ci+ —cgt(cyg—Cip| 1— —
Nc3 Nc4 SNCG 7N08(9 10) Nc
1 2 1 1 ( 1 )
2| 2+ —|cg+2| 1+ —|cy+4| cg+ —cg | +C7+ —Cgt(Cg—Cyp)| 1— —
is Nc s Nc N ° Nc ° ! Nc s ° 10 Nc Vme‘d
(r!el q)n=_ 1 * ) (29)
ViV
2[ ¢+ —c, ub*ud
N¢
where
thVTd‘ B VIp(1=p)— 7?1+ 72 30
VaoVid  (L-\22)(p%+ 77
For Ap— A p°(w), the evaluation is the same. Defining
(P°A|OAp)=(p% (UW)|O)(A|(sb)|Ap)=T, (3D
we have
th=|c,+ ic2 T. (32)
P NC
After evaluating the penguin diagram contributions we obtain the following results:
(aeP0)t=1, (33
1 1
3| s+ —cgtcyg+ —ci
(Bei%8)t = e e (34
1 1 1 1
4| c3+ —cCytCit+ —Cg | +Cpt —Cgt+Cyt —C4
3 Nc 4 5 Nc 6 7 Nc 8 9 Nc 10
1 1 1 1
4| c3+ —cyt+cg+ —cCg | +Ci+ —CgtCyt —Cy
- 3 Nc 4 5 Nc 6 7 Nc 8 9 Nc 10‘ thst
(r'ePa)h=— 1 ‘ —| (35
ViV
2| ¢+ —c¢, ubtus
N

096013-5



X.-H. GUO AND A. W. THOMAS PHYSICAL REVIEW D58 096013

TABLE I. Values of 8, r’, &z and &, for A,—np°.
N g?/m? B r 8s S
2 0.3 0.339 1.149 —3.096 0.0769
2 0.5 0.328 1.011 —2.935 0.297 “
3 0.3 0.649 2.537 —3.103 0.0766
3 0.5 0.629 2.233 —2.970 0.296
where
VoVis|  VIp(1+\2p)+N2p212+ 7 7
= T . (36) 720 740 760 780 800 820 840
*
VupVis N (p©+ 1) V5(MeV)
It can be seen from Eq$28) and(34) that 8 and 6 are FIG. 1. TheCP-violating asymmetry forA,—nz" 7" with

determined solely by the Wilson coefficients. On the otheny =2, The solid(dotted line is for g%/mZ=0.3 (0.5).

hand,r’ and &, depend on both the Wilson coefficients and

the CKM matrix elements, as shown in E429) and (35). In Figs. 1 and 2 we plot the numerical values of the
Substituting Eqs(27), (28), (29), (33), (34), (39) into Egs.  CP-violating asymmetriesa, for Ay—n7 7~ and A,
(12), (13), (14) we can obtain ((sind)"™) and (coss)"™. A x* 7, respectively, foN.=2. It can be seen that there
Then in combination with Egs.(15) and (16) the s a very largeCP violation when the invariant mass of the

CP-violating asymmetriest can be obtained. m* '~ is near thew mass. ForA,—n#z" 7~ the maximum
In the numerical calculations, we have several parameterg; p-yiolating asymmetry i . .= —66% (2/mz=0.3) and
g2, N¢, and the CKM matrix elements in the Wolfenstein a) . =—50% (@2m2=0.5), while for Ap—Am' 7,
pr:iramet.rlzz;non. As ment|2(/)ne2d |8 Sec.6ll B, the valugdfs al, =68% (q¥m2=0.3) anda’, =76% (@¥m2=0.5). It
¢ OTSheen g]KtMer:g:rgili ﬁmerr??:sﬁiglz ]Be determined fromwould be very interesting to actually measure such large
. . . C P-violating asymmetries.
experiment.\ is well measured20] and we will use\ Although N, is around 2 foB decays, it might be differ-

=0.221 in our numerical calculations. However, due to thégnt in theA,, case. We also calculated the numerical values
large experimental errors at preseptand 7 are not yet \yhenN,=3. It is found that, in this case, we still have large
fixed. From b—u transitions p?+\?=0.363-0.073  CP violation for Ay—n#z" 7", with all.,= —52% (Q%/m?

[21,27. In combination with the results froB°-B® mixing ~ =0.3) andal,,,= —40% (@%/mZ=0.5). However, forA,
[23] we have 0.18 7<0.42[22]. In our calculations we use —Ax" 7, an ., is much smaller, only about 6%.
7=0.34 as in Refs[5,6]. Recently, it has been pointed out

[24] that frc_>m the branching ratio c_Bi—wmi a negative IIl. BRANCHING RATIOS FOR A, —n(A)p°

value forp is favored. Hence we will usp=—0.12, corre-
sponding ton=0.34. These values lead #"=126° and
¢ =—72° from Eqgs.(15) and(16).

The value of the effectivé\. should also be determined
by experiments. The analysis of the data BxD, B*
—wm" andB*— wK™ indicates thal\. is about 225,26. 0.8
For theA, decays, we do not have enough data to extxact
at present. Finally, we use,=5 GeV, m;=1.35 GeV,

In this section we estimate the branching ratios Aqy
—fp°. In the factorization approacp? is factorized out and
hence the decay amplitude is determined by the weak tran-

0.7 F |

ag(Mz) =0.112 andw, (M) = 1/132.2 to calculate the Wil- 06
son coefficientsg; , as discussed in Sec. II[Bee Eqs(23) 0.5
and (24)]. The numerical values oB, r', Jz and g, for a 04
Ap—np® andA,— Ap° are listed in Tables | and Il, respec-
tively. 03
0.2

TABLE Il. Values of 8, r', &z and g, for A,— Ap°. 01
Ne ¢m2 B r' s 84 0
2 0.3 0.299 9.925 —0.0611 0.0675 _0'1720 740 760 780 800 820 840
2 0.5 0.332 8.833 —0.235 0.257 V3(MeV)
3 0.3 3.086 3.715 —1.766x10 % 6.353x10 3
3 0.5 3.087 3.668 —6.071x10°* 0.0216 FIG. 2. TheCP-violating asymmetry forA,—Ax* 7~ with

N.=2. The solid(dotted line is for q2/m§=0.3 (0.5.
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sition matrix elements\ ,— f. In the heavy quark limitm, 2E¢+mg+my
— o0, it is shown in the HQET that there are two form factors Fi= Wcsl (w),
for Ay—f [27]: P
(F(p) A, (1 y9)b|Ap(0)) Fom st Gl () (39)
- v == w),
f _’Y,U, Ys b 2 2(Ef+mq) S
=Us(pe)[Fa(v-pr)+8F(v-ps)] . , _
where | (w) is the overlap integral of the hadronic wave
Xy (1=ys)uy (v), (37 functions ofA, andf,
whereq=d or s; u; andu,  are the Dirac spinors dfand 2 \74
Velvo. is the i - l(w)=| —=| ¥ *FAK(\2be)]
Ay, respectivelyp; is the momentum of the final baryof, w+1
andv is the velocity of A, . In order to calculaté, andF,
we need two constraints. , 2@ L\ [y-2beor1
In Ref.[28] the author proposed two dynamical assump- Xexp —2b%e ol J_belv,m dz

tions with respect to the meson structure and decaysn
the rest frame of a hadron the distribution of the off-shell 2be 2be \°
momentum components of the constituents is strongly ><exp(—zz)( y— —z) ( Z+ —) ,
peaked at zero with a width of the order of the confinement Vo+1 w+1
scale;(ii) during the weak transition the spectator retains its
momentum and spin. These two assumptions led to the result
that the matrix element of the heavy to light meson transition . . .
is dominated by the configuration where the active quarks®"dY=PMmiVe+1, with  being the velocity transfew
momenta are almost equal to those of their correspondingTv'pf/mf andA¢ andKe defined as
mesons. This argument is corrected by terms of ordes, 1/ N
and Aqcp/E¢, and hence is a good approximation in he_avy Af:f dxxs(l—x)zexp:—szmf(x—e/mf)z],
hadron decays. Some relations among the form factors in the 0
heavy to light meson transitions are found in this approxima-
tion. In Ref.[10] the above approach is generalized to the o
baryon case and a relation betwedepandF, is found. K( \/5b€)=f _dxexp(—x%)(x+ V2be)®. (41)
Another relation betweeR; andF, comes from the over- V2be
lap integral of the hadronic wave functions &f andf. In
the heavy quark limitA, is regarded as a bound state of a
heavy quarkb and a light scalar diquafkud] [10,11,29. On
the other hand, the light barydnhas various quark-diquark
configurationg 30] and only theg[ud] component contrib-
utes to the transitioml\,—f. This leads to a suppression
factor, C5, which is the Clebsch-Gordan coefficient of
glud]. Cs=1/y2 for n and C;=1/\/3 for A, respectively
[30]. In the quark-diquark picture, the hadronic wave func-
tion has the following form:

(40)

It should be noted that in Eq$40) and (41) we have taken
the limit my—oo.

It can be shown thab=3.03 for A,—np°® and w=2.58
for A,— Ap®. Takinge=600 MeV, from Eq.(40), we find
that 1"=0.0258(0.0509) for b=1.77 GeV'! (b
=1.18 GeV''), and 14=0.0389(0.0781) for b
=1.77 GeV'! (b=1.18 GeV'l). Substituting these num-
bers into Eq.(39) we obtain the following results,

F]=-0.0199-0.0393, for b=1.7711.18 GeV !,

i(x1,KL) = Nixgx3ex — b?(k2 +m?(x, — X)) ?)],

. F1=0.001680.00333, for b=1.771.18 GeV 1,

(42

wherei=Ap, nor A; X, X; (X;=1—X;) are the longitu- 59

dinal momentum fractions of the active quark and the di-

quark, respectivelyk, is the transverse momentury; is F1=0.02450.0492, for b=1.771.18 GeV !,

the normalization constant; the paramdteis related to the

average transverse momentunb=1.77 GeV and b F2=-0.0020%—-0.00413, for b=1.771.18 GeV 1,
=1.18 GeV, corresponding tak?)?=400 MeV and (43)
(k?)2=600 MeV respectively; andy; (xoi=1—e€/m;, €

is the mass of the diquarks the peak position of the wave where we have takemy=0.35 GeV andns=0.50 GeV.
function. By working in the appropriate infinite momentum  To estimate the branching ratios fdr,—n(A)p® we
frame and evaluating the good current compongh@11],  only take theO} andO} terms in the Hamiltoniafl7), since
another relation betweehR,; andF, is given in terms of the they give dominant contributions. In the factorization ap-
overlap integral of the hadronic wave functions/of andf. proach, the amplitude foA,—n(A)p° has the following
ThereforeF, andF, are obtained as the following, form:
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Gr _
A(Ap—f+p%) = —=VpViai(p%uy,(1-ys)u|0)

V2

X (flay*(1—ys)b|Ap), (44)
where

a;=c;+ N_CCZ' (45)
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where forb—d, m,=5.32 GeV,m,=5.71 GeV, and for
b—s, my=5.42 GeV, my=5.86 GeV. Substituting Egs.
(48) and(49) into Eq. (44) we find that

B(A,—np®)=6.33x10"8, B(A,—Ap°)=4.44x10°.
(50

These results are bigger than those in Eg®) and (47).
Combining the predictions in these two models we expect
thatB(A,—np°) is around 108 andB(A,— A p°) is about
10~ °. For comparison, irB decays, the branching ratio for

In Eq. (44) p° has been factorized out and the matrix elemenB~— 7~ p° is of the order 10° [32], and forB~ —p~ p° the

(p°luy,(1—ys)u|0) is related to the decay constaf.
From Eq.(44) the branching ratios foA,—n(A)p° can be
obtained directly [10,31. Taking f,=216 MeV, V,,
=0.004,V,s=0.22,V,4=0.975 anda,=0.28 (correspond-
ing to N.~2) we obtain

1.61x10°8 forb=1.18 GeVl,

B(Ab—>np°)=[4.14>< 1079 forb=1.77 GeV!,
(46)

and

1.23x10°° forb=1.18 GeV!,
B(Ap,—Ap®)=1306x101° forb=1.77 GeV.

(47)

branching ratio is about 1§ [32]. HenceB(A,—npP) is
two to three orders smaller than those for the corresponding
meson decays.

IV. SUMMARY AND DISCUSSIONS

In this work we studied direc€P violation in A had-
ronic decaysA,— fp°(w)—fat 7w~ (f=n or A). It was
found that, as a result of the inclusion pfw mixing, the
CP-violating asymmetries in these two processes could be
very large when the invariant mass of the 7=~ pair is in
the vicinity of the w resonance. FoN.=2, the maximum
C P-violating asymmetries were more than 50% and 68% for
Ap—nm 7™ and A,—A#m" 7™, respectively, for reason-
able values ofg®mZ. Furthermore, we estimated the
branching ratios forA,—n(A)p° decays by using HQET
and phenomenological models for the hadronic wave func-
tions. The results from the nonrelativistic quark model were

In Ref.[12] the A,—n(A) transition matrix elements are f’i|SO prgsented for comparison. Itg/vas shown tkz)at the branch-
calculated in the nonrelativistic quark model. The form fac-iNg ratios are about 10 and 10°° for Ap—np® and Ay,

tors f; andg;, which are defined byq= Pa,~ Ps)

(f(pp)]ay.(1—¥5)b|Ap(pa,))

=ur{f1(a?) v, +i2(9%)0,,0"+ f5(a?)q,,
—[91(a%) 7, +192(0%) 07,,9"+ 93(a%) ] ys}Un,,
(48)

are found to bef;(0)=0.045, f5(0)=—0.024Mm, , f5(0)
=—0.011Mm, , 9,(0)=0.095,g,(0)=—0.022Mm, , g3(0)
=—-0.051f, for A,—n, and f;(0)=0.062, f,(0)
=—0.025Mm, , f3(0)=—0.008M, , 9;(0)=0.108,g,(0)
=—0.014fn, , g3(0)=-0.043Mm, for A,—A. Pole

—ApP, respectively, which are two or three orders smaller
than those for the correspondimydecays. Since there will
be more data on the heavy baryok,, from different ex-
perimental groups in the future, it will be very interesting to
look for such largeC P-violating asymmetries in the experi-
ments in order to get a deeper understanding of the mecha-
nism for CP violation. On the other hand, the smaller
branching ratios for the\, hadronic decays will make the
measurements more difficult. Furthermore, the studg Bf
violation in A, decays may provide insight into the baryon
asymmetry phenomena required for baryogenesis.

There are some uncertainties in our calculations. While
discussing theC P violation in these two channels, we have
to evaluate hadronic matrix elements where nonperturbative
QCD effects are involved. We have worked in the factoriza-
tion approximation, which is expected to be quite reliable

dominance behavior for thg® dependence of the form fac- because thé quark decays are very energetic. However, in

tors is assumed:

(F)=——>73 49
q

this approach, the color-octet term is ignored. HeNgéhas
to be treated as an effective parameter which should be de-
termined by experiment. Although there are enough data to
fix N; in B decays asN.~2, the best value oN. for Ay
decays is not certain. We gave the plots of @e-violating
asymmetries folN,=2 and discussed the situation fbl,
=3. If N.=3, the CP violation for A,—~A#" 7~ is not

096013-8
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large anymore. However, for bott.=2 and 3 there is large
CP violation for A,—na* 7. Our numerical results also
depend orqzlmﬁ, but the behavior is mainly determined by

N¢. Thep-w mixing parameterll,,, also has some experi-

mental uncertainty, but this has little influence on our results.

While estimating the branching ratios far,—n(A)p°
we worked in the heavy quark limit. Sineg, is much larger

PHYSICAL REVIEW D 58 096013

than the QCD scale) ocp, the 1M, corrections should be
small.
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