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We investigate the possibility of observinGP asymmetries in partial widths for the decays
—at7 K~ and B-—K*K~K~ produced by the interference of the nonresonant decay amplitude with
resonant amplitudes. The resonant states that subsequently decay imtoandK *K~ or K~ #* are char-
moniumcc states with1?=0%,1",1* or the ¢(1020) meson. We find that the largest partial width asymmetry
comes from they.o resonance, while the resonang€$S) gives a partial width asymmetry of the order 10%.
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[. INTRODUCTION at the y.o resonance regiofi5], one obtains a significant
CP-violating asymmetry. In the case of negligible nonreso-
The experimental data oB mesons decaying into three nant amplitude relative to the resonant amplityde vice
mesons accumulatd—4], and a number of important ques- versa one would get a very small partial width asymmetry.
tions on their decay dynamics and their relevance for the In this paper, we extend this analysis to the case of the
precise determination of theP-violating phasey should be  CP-violating partial width asymmetry when the interference
answered5-14]. Motivated by Belle and BaBar results on with the nonresonant amplitude occurs in the neighborhood

the B meson three-body decajs—4], we continue with the  of the resonancek which is a charmoniuntc state with
study of CP-violating partial width asymmetry in th8=  jP—0* 1~ 1* or a light vector and scalar meson. We will
—K*m" 7~ andB*—K*K"K™ decay amplitudes. restrict our investigation only to those resonant st&Refor
Recently, we have studied a case of the partial widthyhich the decayB”—RM~, M=K, amplitude does not
asymmetry resulting from the interference of the nonresonarfave two or more contributions with different weak phase, as
B —M'M K™, M=mK, and the resonarB™— x.o0K~  from the experimental branching ratio we are able to extract
—M"M~K"™ decay amplitude$5]. In both decay modes, only the absolute value of the amplitude. For example, in the
the dominant contribution to the nonresonant amplitudegse o8~ — RK ™~ with R=p° there is a penguin and a tree
comes from penguin operators. However, there is a small tregmplitude and one needs to know their relative sizes to con-
level contribution in which the weakP-violating phasey  strain the partial width asymmetry. In this decay mode it has
enters. The strong phase, which is necessary to obtain th@so been found that the naive factorization fails to describe
CP-violating asymmetry, enters through the dispersive parthe decay ratl16,17). Therefore, we concentrate on the par-
of both nonresonant and resonant amplitudes. tial width asymmetry for the cases in which the relevant

It was pointed out by the authors of Reff8] and[15] that  two-body amplitude can be completely extracted from the
the dispersive part of the nonresonant amplitude exactly canneasured decay rates.

cels the dispersive part of the resonant amplitude coming |p the case of th® — K+ 7~ partial width asymme-
from the intermediate state, which is identical to the finalyry, the intermediate resonant states of interest would be the
state. Therefore, the partial width asymmetry @8  |ight strange mesonsk*(890), K,(1270), K,(1400),
—SRK=—=M"M~ K*, M=K, will be proportional to the 3(1430), etc., in the decay chaBr —R7 —K 7t 7~
decay width of the resonant steieto all channels excluding L= . o

pg— and the charmoniuncc states in the decay chaiB
theM ™M~ state. It means that one would expect a latge L RK-—K-m*7. TheB~ decays to these strange me-
asymmetry for the two-meson invariant mass in fgg mass sons in the final state occur as a pure penguin transition.

region since the decay width of;, is rather large and its Among all such decays only the rates = K* (890) and

branching ratio taVl "M ~, M= =,K is negligible. The am- %
; : K3 (1430) were measure8]. However, theK* (890) and
litude for they., resonant decay mode was determined us- 2 . . .

P Xco y 5(1430) mesons decay ¥~ 7" with the branching ratios

ing the narrow width approximatidrd,7] and the experimen- . .
g bp aid,7] P close to 100%. In the case we consider it means that the

tal results for theB~ K~ and M*M~ deca _ . . >
rates. The asymmetry;)vgsc,ofound to ti(ecggout 20%. In thg cadartial decay width to the rest of the states is negligible and
the correspondingCP-violating asymmetry vanishes. The

of B-—K MM~ there are, however, additional important
reasons why the partial width asymmetry can be sizable. Ifielevant charmoniumcc states in the decay chaiB™
fact, if in the B"—=K " M*M~ decays the partial widths —RK ™ — a7 K~ are produced by the— ccs transition.
coming from the nonresonant,, and the resonantt, am-  The resonanB™—M "M K~ amplitude is obtained from
plitude are of the same order of magnitude, as in our analysithe tree level contribution, which is proportional to thg,
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and Vs Cabibbo-Kobayashi-MaskaweCKM) matrix ele- 01=(Ub)v—A(§J)v—A OZZ(UU)V—A(gb)V—A ()
ments, followed by the strong decay of tlce state into

m @™ or K"K~ via the Okubo-Zweig-lizukaOZI) sup- = — = —
pressed strong interaction. Apart from the already mentioned O16=(Chb)v-a(SC)v-a,  O2c=(CC)v-a(Sb)v-a.
Xco State, this category includes ald3by, xc1, xc2, ¥(2S),

etc. We will consider contributions from all the above-

mentioned states, even though tB& — x.,K™ and y. O.= Py b

—M~M™* branching ratios have not been measured yet. 3 q:;,d,s(qq)v_A( Jv-n

Nevertheless, we expect that the partial width asymmetry in

this decay mode can be rather large. Although one would

expect that theo—ccs transition will give larger rates for O4= 7Ed . (Ab)v-A(SA)v-a, 4
the two-body decays than in the case of e uus transi-

tion, the fact that the strong transition of the charmonium - o
states is OZI suppressed makes the nonresonant and resonant Og= >, (qq)y+a(Sb)y_a,
d,s

)

partial width to be of the same size and this leads to a sizable q=u,
CP-violating asymmetry.
In the case of th8 —K K*K~ decays with the two- — —
meson invariant mass below the charmonium production ~ Os= 2 :;ds [a(1—ys)b][s(1+ ys)al, 5
threshold, the resonant contribution comes from the interme- e

diate ss states. We consider only tHeP asymmetry at the 3
¢(1020) resonance and do not consider contributions from  0;= > e4(qq)y-a(sb)y_a,
the scalar meson resonances due to the lack of knowledge on a=ud,s 2
their structure.

In the analysis of the partial widt€P asymmetry, one 3 _
needs a knowledge of the nonresonant amplitudes. We com-  Os=—2 7Zd >€la(1—ys)b][s(1+ ys)al, (6)
pute the nonresonant decay amplitudes by using a model that anas
combines the heavy quark effective theory and chiral La-
grangian, previously developed in Ref§—8]. This model
assumes the naive factorization for the weak vertices. The
fact that the factorization works reasonably well in the rel-
evant two-body decay modes encourages us to apply it in the 3 _ .
three-body decays we consider here. Even more, the experi- O,;= >, Seq(ab)y_a(sq)y-a, (7
mental investigation of the nonresonant amplitudes done by q=uds 2
the Belle Collaboratiof3] indicates that one has to rely on a
model when discussing the nonresonant background. In conyhere t_llCI2)V¢A stands foﬁlyu(lt vs)0,. HereO, and
parison with our previous investigatiofb,6], we include O, are the tree level operator®;— Og are the QCD pen-

3 — —
Og= 2 5€4(dq)yv-a(SD)v-a,
g=u,d,s

now the contributions oB*(0™) resonances. guin operators an®-— O, are the electromagnetic penguin
In Sec. Il we present the calculation and the results on theperators. From Ref21] we takea,=1.05, a,=0.07, a,
nonresonanB~ —K~M*M~, M= K decay modes, while = —0.043-0.018, andas=—0.054-0.016. The values of
in Sec. Il we analyze the partial width asymmetries. Thethe other Wilson coefficients are at least one order of mag-
summary of our results is given in Sec. IV. nitude smaller and therefore we can safely neglect them.
For the CKM matrix elements the Wolfenstein parametri-
Il. NONRESONANT AMPLITUDES zation is used[Vy,=AN3*(p—i7), Vys=\, V= —AN?

The effective weak Hamiltonian relevant for = Vo~ 1], With A=0.8,1=0.228,p=0.118-0.273(the av-
~K*M*M~ decays and theiCP conjugates after Fierz €rage value 0.232and »=0.305-0.393(the average value

reordering of the quark fields and neglecting the contributiorP-339 [22]. The matrix elem_en'is of the four quark operators
of the color octet operators [46—21 acting in O; for the B —K™ 7" 7~ decay can be written

using the factorization assumption as

Gr
= Vtsvu b( alol+ aZOZ) + Vgsvcb(alcolc

V2

Hefi= (m"m K ~|(sb)(qq)|B™)

10 =(K~|(sb)|B™ )7~ =" |(aq)|0), (8
+a2c02c>—v:;vtbi§3 a0 |, (1)

(m*m K™[(db)(sd)[B™)
The effective Wilson coefficients are denoteddyy and the . .
operatorsO; read ={(m|(db)|B™ (K~ 7" |(sd)|0), 9
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FIG. 1. Feynman diagrams contributing to the
B- B'(1°) B- B'(0%) , nonresonant part of the amplitude.
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(7" 7 K~ |(ub)(su)|B™) resonances. We introduce the states g=u,d,s), with the

o o JP=1%,0" assignment incorporated in the fiek{26]:
=(m " [(ub)|B™)(K™|(su)[0)

1
+(0|(ub)|B~ WK~ 7" 7| (su)|0). (10) S= 51+ 0ay)IBIY,¥s~ Dol, (1)

In the above equationsg(q;) denotes the vector or axial- which then interacts with théq JP=1",00 multiplet (H)
vector current or scalar or pseudoscalar density. By analyzand the pseudo—Goldstone mesons by the means of the La-
ing the matrix elements given above, one fiffkthat only  grangian:

the first term in(10) gives an important contribution to the
nonresonant decay rate. Tert® and (9) contribute to the
resonant part of the amplitud¢ghrough resonances which
decay intor* 7~ or K~ 7, respectively, while the annihi-
lation term in(10) is found to be negligible as explained in
Refs.[5]. In the matrix element of th®g operator, addi-
tional terms might arise, but they are either small or cancel
among themselvesb].

Le=ih Tr(Syy, s ALHa), (12)

where A#=3(&Toré— £9*&T) with the light pseudoscalar
fields in &. The weak current is given by

+

S_i _ T

The B-—K K*'K™ amplitude can be factorized in the =175 Ty (1= 75)Spépal- (13
same way by replacingr= with K* in (8)—(10). However,
in this case, the contribution coming froB~—p°K~  The parameteh=—0.6=0.2 is taken from the recent study

—K K"K~ [Eq. (8)] is part of the nonresonant amplitude, of the D¢(0") state[27], while for the scalar meson decay
since thep® mass is below th& “K* threshold. Neverthe- constant we us€ *=0.46 Ge\?'? [26].
less, we find this contribution to be small due to the suppres- The matrix elemeni4, can be written as
sion of thep® propagator in the high-energy regions and due
to the smallness of its Wilson coefficienta,(and ag) and 1 1
will therefore neglect it. The same argument holds if the A, = —fg[mgr”% E(mé—m%—s)wTJr S(s+ 2t—m3
meson is replaced by similar resonances étc,).

Next, we proceed with_the determination ofl, 0 o
= (" (p2) 7 (1)K (p3)|O4lB™) and Ay —2m2—m3)w}, (14)
=(K"(p2) K~ (p1)K(p3)|04|B~). The approach used in
the calculation of these matrix elements was already exwhere the form factors/} , w", andr" are determined by
plained in Refs.[5,23-25. Here, we follow the same calculating contributions coming form the Feynman dia-
method, but add the contributions of ti8§ scalar meson grams in Fig. 1:

3/2
nr g fB*mB*mélz sz—mi—t fB \/mBaz 2 2 2 F+h\ mB mé_t
ST 5 1- 5 TR 5> (2t+s—mg—mz—2mj) + > 5

il t—mg, 2mg, 12 2f,f,mg 2fmg t—mBS
(19
/.
nr_ g megfmé/Z mé_mi_t \mBal F+h\ mB mé_t
W__fle t—m? o 2m? " fifs " 2f,m2 t—mi, (18
B* B* 1B Bj
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FIG. 2. Dalitz plots for the nonresonaBt —K ™ 7~ 7" (left) andB~ =K K K" (right) decay modes.

fg fg gfg vMpa;
nr— 2 2 2 2 2 2 2 2
= (2t+s—-m3{—-mi-2m’)+ + (M3—m?—t)— ——= (2t+s—m3—m3—2m?)
2f1f,(m5—m3) e Y2, fafp(t—mg,) o 2f,f,mg v l
4g%f gmgMgs s—mi—ms (t+m3—m3)(mi—mi—t) +F*h\/mB m3—t
f1f(m3—m3)(t—m3,) 2 4mg? fim3 t—még

L Frhtmg  (mg—t)(t—m)
fafamg (= mgo)(m—mg,)

17

We used Mandelstam’s variables- (pg— p3)? andt=(pg Using the expressiond8)—(20) of Ref.[5], we find that its
—p,)?. Indices 1, 2, and 3 correspond 4o , 7", andK contribution is proportional to the matrix element ©f or
respectively {,=f,=f,, fs=fx, my=m,=m_,, my; O, with the proportionality factoks=—2Bf2/m,f2 .
=mg). The massesng, mg«, and Mg+ correspond to the The matrix eIemen(K*(pz)K‘(pl)K‘(pg)|Ol|§‘) is
B~, B®(17), andB%*(0%) mesons, (1) denoting vector calculated in the same way. The expressionfgr and its
and (0") scalar states. The rest of parameters are taken to ferm factors can be derived from the Eq%4)—(17), adding
f.=0.132 GeV, fx=0.16 GeV, fz=0.175GeV, fgz, the additional contribution obtained by interchangmandt
=1.16f5, @;=0.16 GeV*?, a,=0.15 Ge\W?as in Ref[5].  and by takingf,=f,=f;=f, m=my=mz=my. In the
For the strong coupling we useg=0.56 according to the propagators th8 meson masses are replaced byBenass.
measurement of Ref28]. Note that in Ref[5] there are Now, the nonresonant amplitudes f& —M*M K~
misprints in Eq.(16): the sign in front ofa, is reversed, as can be written as
well as the overall sign i1i22).

The matrix element 0D, has the same structure as the

: : L . G
matrix element 0O, while for determining the matrix ele- M.=—F4 [V VEa,— Vi Vi(as+keag)], (18
ment of Og we follow the approach described in RES]. e e TubTusTL Tib Tist e T ReT0
P FIG. 3. Diagrams presenting the nonresonant

(left) and the resonaritight) contributions to dis-
persive part of the amplitude in the phase space
region of theP, and P; invariant mass close to
the R mass. Blob in the left diagram presents the
nonresonant weak decay mogee Fig. L

P
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TABLE I. The decayB™ —RK ™~ width and the branching ratios f®@—M*M .

R B —RK"™ Rom o™ R—KK~

& (7.9+2.0)x10 © (49.2-0.7)%
NI (1.01+0.05)x 102 (1.47+0.23)x 10 * (2.37+0.0.31)x 10 *
Xco (6.5-1.1)x 104 (5.00.7)x 103 (5.90.9)x 103
Xe1 (6.02.4)x 104 <2.1x10°3 <2.1x10°3
#(29) (6.6+0.6)x 10" 4 (8+5)x10°° (1.0+0.7)x10°4

with A, defined in Egs.(14—(17), while for B* BaBar Collaboration still has only the upper lifnit,4]. The
—M*M~K™ we have inclusion of the nonresonant contribution in thB™
—K* 7" 7~ Dalitz plot analysig3] was motivated by the
G obvious deficit of the data in the lok ™ 7~ invariant mass
My AK AViVusai— Vi Vis(as+ksag)]. (190  phase space regidsee Fig. 11, first row of Ref3]). They
\/_ used a rather simple fisee Eq(11) [3] ] for the nonresonant
amplitude. Nevertheless, as pointed out by Frly this con-
Using the above expressions, we obtain the followingtribution is not yet well understood and more studies of this

branching rations: problem are expected. Calculated ranges for the branching
ratios within our model BRB™ —K* 7" 7"),=(11-17)
BR(B* K 7" 7 ),=14x10"¢, x10°® and BRB" —K*K'K™),=(6.2—-12.6)x10°°

agree with the Belle Collaboration results within two stan-
dard deviations. Unfortunately, the experimental statistics is
still to low to compare the distributions of the differential

. . B decay rate of the model and the experiment. It is interesting
where BRB™—~K“M "M ™), stands for theCP-averaged that our model predicts a rather small differential decay
rates forB”—M "M"K™ andB"—M "M"K" ((BR(B™  jdth distribution in the region of the lowr* K~ invariant
—K"™M*M7)+BR(B"—K"M"M™7)]/2). In Ref. [5] it  mass. In order to describe data given in Fig. 11 of R&¥it

was found that due to the imaginary part of theandas  seems that one needs such behavior of the nonresonant am-
Wilson coefficients, we can have a Iarg‘@ asymmetry be- plitude.

tween the nonresonantB™—M MTK* and B~ In addition the results of Ref3] indicate the existence of
—M~™MTK"™ amplitudes. The size of this asymmetry de-the broad structures in the experimental data &
pends on thQ) and » CKM parameters and is rather large ~1.3 GeV in theK* 7 7~ final state and at/s=1.5 GeV
(60% in the case oB*—m 7w "K™ and 40% in a case of intheK*K*K™ final state. Although one explanation is that
B*—K K*K™ decay mode The largest error in BRE™  light scalar resonances might be responsible for this effect
—K*M*M7),,, due to the model parameters, comes from[3], we suggest that these increases might be induced by the
the uncertainty in the CKM weak phase the decay con- nonresonant effects also, as can be seen in the presented
stants, and the coupling For example, by taking two times Dalitz plots (Fig. 2).

smallerg, the rate BRB*—K™* 7" 77),, decreases by 40%

and BRB*—K=7*77), by 30%. Varying p between IIl. PARTIAL WIDTH ASYMMETRY

0.118 and 0.273 and_y between 0.305 and 0.393 gives
BR(B*—K 7t 77),=(6.2—12.6)x10°® and BR@B~

—K*K*K™),=(11-17)X 10 . The uncertainty in the o . :
branching ratios coming from thB decay constants is not both the nonresonant and resonant contributions, is obtained

larger than 10%. by integrating the amplitude fronsy;,=(mg—2I'g)? to

The Dalitz plots forB™—K~"M*M~ (M= ,K) decays, Smax~ (M+2TR)%:
are given in Fig. 2 §=0.56). We can see that the nonreso- .
nantB-—K l_(*K _de+cay amplrtude is rather flat, while in o= j 7y f dt| My, + M, |2
the case oB" —x~ #"K™, an increase at lowK and = (27 )3 32m3 J smin tmin(S)
momenta phase space region is evident. The inclusion of the (21
scalar state8* (0™) does not give a significant contribution
to the decay rate, increasing it by a few percent in both deca&rmrlarly, the partial decay widtfi", for B* —MM MK*, M
modes. =7", K" is defined in the same way. TheP-violating

RecentlyB factories[1,3,4] obtained some insight into the asymmetry is then
nonresonant contribution to th& —K M*M~ decay
widths. The preliminary results of the Belle Collaboration
are [1,3] BR(B —K*7 7w Dnrexg= (14% 6)>< 10 ¢ and IAfter completing this paper, we learned that the BaBar Collabo-
BR(B*—K K"K~ nrexp= (22.5+4.9)X 1075 while the ration published their new resuliag].

BR(B* —»K*K*K™),=9.0x10"¢, (20

For the resonances in the channel, the partial decay
width 'y for B"—MMK™, M=x", K", which contains
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IT,— Tl TABLE Il. The parameters used in our numerical calculations.
= (22
|Fp+ FH \Y Ky Qvam Ivkk(Gvkar)
It is important to notice that at the phase space region wheré 2.26x10°° 6.34
the invariant mass o1 "M~ approaches the mass of tiRe ~ J/¢ 1.41x1077 2.76<10°* 4.37x10°°
resonant statdyl "M~ can rescatter through that resonancey(29) 2.04<10°7 1.41x10°3 .166
as it is visualized in Fig. 3(left figure). If BR(R  xu 1.68<10°7 <0.0126 <0.0134

—M*M7) is large, this can lead to a significant absorptive
amplitude, and it contributes to the partial decay width asym-

metry. As mentioned in the Introduction and explained in thefactor[1—BR(R—M “M ~)] in the equation for the partial
Appendix, such a contribution is exactly canceled by thedecay asymmetry.

absorptive part of a resonant decay, where the resonance res-In the calculation of thel',—I';, by taking V,,
catters through the intermediate states equal to final stateS|V olet”? NA)\s(p_l 77) we derlve

[Fig. 3(right figure]. This implies that one has to include the

I I . 4mR1"R[1—BR(R—>M+M Smax J‘max() |V ||V | <K |O |B>
—T';=sin a
P (2m)%32m} Smin i) ol s SR e
X|M(B™—RK )| IM(R—a"m)], (23
(s—mg)2+(mgl'R)?
|
while thel",+ 1", is given by M(B™—SPi(q1)— P1(g1)P2(d,)P5(qs3))
=MB —SP )
Smax tmax(s) 2 ( 1(q1)}m23— m§+ iFSmS
[p+Tp=2 3 dty [ Mo
(2m)®32m3 Jspuin tmin(S) X M(S—P3(d2)P3(ds)), (25

wherem3,= (q,+q3)%, while mg andT'g are the mass and
the decay width of the scalar resonance, respectively. We find
M(B = xeoK)=3.34x10 7 GeV, M(xeo— 7 7")

2] =0.118 GeV, andM(x.,— K "K™)=0.132 GeV.

S— mé‘l’ imRFR

(24) The amplitude for theB™ decay into light vector and
pseudoscalar resonance and the amplitude for the vector me-
son decay into two pseudoscalar states are given by

M(B™—=V(eg)P1(qy))=Kyq;-&*,

XM(R—m"m")

TheB™ —-RK™ =K~ M*M~ amplitudes are obtained from
the experimental daf@9] and the measured branching ratios
for B-—RK~ andR—M*M~ are given in Table I. M(V—P

For the scalar resonance exchangg i our casgin the (V=P2(0,)P5(ds))
B~ —SK —M"M ™K~ decay, we have (26)

_gVPZPS( )
= \/E d2—0s)-e.

TABLE Ill. The partial width asymmetry foB~™—K~ 7" 7, calculated withg=0.56 and givergand
7. Ap(Xc1) is obtained by taking the upper bound @y -

p=0.118 p=0.118 p=0.273 p=0.273 p=0.222

7=0.305 7=0.393 7=0.305 7=0.393 7=0.339
A,(¥(29)) 10.2% 13.0% 10.3% 13.1% 11.3%
A1) 0.8% 1.1% 0.8% 1.1% 0.9%
A(Xc1) 3.5% 4.5% 3.5% 4.5% 3.9%
Au(Xco) 17.3% 21.8% 17.6% 22.1% 19.3%
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TABLE IV. The partial width asymmetry foB~ —K ™~ 7" 7, calculated withg=0.27 and givergand
7. Ap(xc1) is obtained by taking the upper bound @y -

p=0.118 p=0.118 p=0.273 p=0.273 p=0.222

7=0.305 7=0.393 7=0.305 7=0.393 7=0.339
A ((29)) 13.5% 17.3% 13.7% 17.3% 15.1%
A3/ ) 1.2% 1.6% 1.2% 1.6% 1.4%
Ao(xe1) 5.0% 6.4% 5.0% 6.5% 5.6%
Au(Xco) 12.8% 16.1% 12.9% 16.3% 14.2%

The amplitude for the three-body resonant decay for this casgrage value 0.222and = 0.305-0.393(the average value

IS 0.339 as in Ref.[22]. The subtraction of BRR—M*M ")
_ in Eg. (23) makes a sizable effect in the case of tBe
M(B"—V(e)P1(d1) —~P1(01) P2(d2) P3(q3)) —K~¢—MT"M K~ asymmetry, but it is negligible in the
KyQyp.p case of partial width asymmetry in the neighborhood of char-
= 23 monium resonances. Then we can draw the following con-
V2 clusions: In the case dB~ —K 7" 7, all partial width
- ) asymmetries are not very large. The largest asymmetry was
Y (d2—0d3) +[d1- (d2+dz) (M3 —m3) [/m§ found in the case of thg., resonance and then in the case of

' the #(2S). The partial width asymmetnA,(x.,) is calcu-
lated by taking the upper bounds fgg;M ™M~ coupling.
(27) Al these asymmetries are rather stable on the variatiogs of
In the case 0B~ —K~K*K™ the situation is different. Cal-
culated partial width asymmetries except tAg(x.o) are

mag—ma+ilymy

wherem§3=(q2+ gs)2, while m;, m,, my, andm, are the

masses of particleBy, P,, P3, andV, respectively, and'y  gmajier than in the case & K™t m~. They depend

is the wujth of the vector resonance. Using the above fofmufnore on the variations of thg coupling. The only relatively

las, we find the expression for the resonance exchange in t'%‘?zable partial width asymmetry in addition ®,(xco) is
C

s channel: A,((2s)). We have also estimated the partial width asym-
M(B™=VK =K "M*M™) metry for theB™ — y.,K~ channel, by assuming tHﬁXCzK
coupling to be of the same size as for the ved&ralay
KyQymm Ma+2m2,+ma—2t—s - mesons and we found it negligible.
22 s—m2+ilymy
V2 VeV IV. SUMMARY

where M stands forK or 7. In the case of th&K K*K™*
mode the contributions coming from tkendt channels are
completely symmetric. Values ¢f, andgyp p, are given in

In this paper we have investigated the partial width asym-
metry for theB"—M*M K™, M=K decays which re-
sults from the interference of nonresonant and resonant am-
Table 1. _ _ plitudes. First, we have calculated the nonresonant branching

The results for the asymmetries are presented in Tablegtios and found that the model we use gives the decay rates
II-VI. Tables Ill and V contain the asymmetries f@ in the reasonable agreement with the Belle Collaboration re-
=0.56. The off-shell mass effects might reduce this couplingsults [3]. Comparing the Dalitz plots for the nonresonant
as mentioned in Ref5], and therefore we present the partial decay modes obtained from our model with the experimental
width asymmetries fog=0.27 (Tables IV and VJ. We cal-  data[3], we find that our model reproduces the data quite
culate asymmetries for the ranges 0.118-0.273(the av-  well. The inclusion of theBj scalar meson is rather insig-

TABLE V. The partial width asymmetry foB~—K K *K ™, calculated withg=0.56 and giver;and;.
Ap(xc1) is obtained by taking the upper bound @y -

p=0.118 p=0.118 p=0.273 p=0.273 p=0.222

7=0.305 7=0.393 7=0.305 7=0.393 7=0.339
Ax(9) 0.3% 0.3% 0.3% 0.3% 0.3%
A,(¥(29)) 3.1% 3.8% 3.0% 3.7% 3.3%
A1) 0.03% 0.04% 0.03% 0.04% 0.03%
A(Xc1) 0.5% 0.7% 0.5% 0.3% 0.6%
Au(Xco) 28.8% 35% 27.6% 33.8% 30.6%
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TABLE VI. The partial width asymmetry foB~ —K K"K, calculated withg=0.27 and giver;and
7. Ap(Xxc1) is obtained by taking the upper bound @y -

p=0.118 p=0.118 p=0.273 p=0.273 p=0.222

7=0.305 7=0.393 7=0.305 7=0.393 p=0.339
Ay(¢) 0.3% 0.3% 0.3% 0.3% 0.3%
A(¥(29)) 8.1% 10.1% 7.9% 9.8% 8.8%
A1) 0.55% 0.71% 0.55% 0.71% 0.61%
Ap(Xc1) 3.0% 3.8% 3.0% 3.8% 3.3%
Au(Xco) 23.1% 28.7% 22.5% 28.0% 25%

nificant, contributing only by a few percent to the rate. (2m)*

We then consider the partial width asymmetries for a few IM(MReR)=— f ReT)RR)ReS)dD, (A4)
resonant decay modes for which the amplitude does not con-
tain the weak phase. In the case oB™— 77 K~ the
largest partial width asymmetry arises from the interferencavhere the integration is taken over tRgP; phase space.
of the nonresonant amplitude with the resonant amplitudélere S denotes the strong rescattering amplitudePgP;
coming from they, and #(2S) states. In the case &~ trough the resonancR visualized in Fig. 4. Similarly, the
—K K*K™ the largest partial width asymmetry comesimaginary part ofR is given by the absorptive part of the
from the xo Scalar resonance and is about 10% in the cas&ight diagram on the Fig. 3, where now the sum of all pos-
of ¢(2S) state. sible intermediate states into whicR decays should be
taken into account. One can separate this contribution into
ACKNOWLEDGMENTS the part withP, andP5 as an intermediate statén(R) F>2’3]

and the part with all other intermediate states (R)1().

_We thank our colleagues B. Golob and P. lanzfor - again with the use of Cutkosky’s rules, one obtains
stimulating discussions on experimental aspects of this in-

vestigation and D. Bewevic for very useful comments. The

4
research of S.F. and A.P. was supported in part by the Min- Im(Rp, JRe(T) = (2m)

J Re(T)ReR)ReS)d .

istry of Education, Science and Sport of the Republic of 2
Slovenia. (A5)
APPENDIX The right-hand sides afA4) and (A5) are equal and there-
fore this two contributions t0A3) cancel among themselves

Following the approach of Refl15], the total amplitude
contributing to the partial decay widih, can be written as a
sum of the resonant and nonresonant contributions as defined
in Eq. (21) in the following form:

M=Mp+M,=Te "+P+R, (A1)

and we have
Ap~Im(R)'RET)~T'g[1-BR(R—P,P3)]. (A6)

This cancellation is obviously a result of the unitarity and it
whereT is the nonresonant tree contributidhthe nonreso-  maintains the equality of the total decay widths for the me-
nant penguin contribution arfd the resonant contribution to  son and the antimeson as required by CPT theofadh
the amplitude. The partial width asymmetry defined in EQ.That was already noticed in Reft@] and[15], where the
(22) is proportional to more general proof is presented.

Apxsiny Im[T(P*+R*)], (A2)

where Im@) stands for the imaginary part & [similarly
Re(A) stands for the real part &]. If we neglect the small
imaginary part of the penguin Wilson coefficientsand P

will have the same strong phase. This implies that the only
contribution to the partial decay asymmetry will come from
the interference of the tree nonresonant and the resonant am-
plitude. One can write

A,=Im(T)Re&R) — IM(R)Re(T). (A3)

The imaginary part oT is given by the absorptive part of the
left diagram on the Fig. 3. Using Cutkosky’s rules, its con-  FIG. 4. Rescattering of th®, and P5 states trough the reso-
tribution can be written as nanceR.
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