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The decay mod®— pr is currently studied as a channel allowing us, in principle, to measure without
ambiguities the angle of the unitarity triangle. It is also investigated by the CLEO Collaboration where a
branching ratio larger than expected for the decay nidde- p°7= has been found. We investigate the role
that theB* andB,(0*) resonances might play in these analyses.

PACS numbse(s): 11.30.Er, 12.15.Hh, 13.25.Hw
I. INTRODUCTION go_)powoy (3)

The measurement of the angiein the unitarity triangle
will be one of the paramount tasks of the futlrdactories,
such as the dedicatexl e~ machines for the BaBar experi-

together with the three charge-conjugate channels, and the
charged decay modes:

ment at SLAJ 1] and the BELLE experiment at KER], or B —p m° (4)
hadron machines such as the Large Hadron Coll{&iC) ’
at CERN, with its program foB physics. Differently from B — pr, ®)

the investigation of the8 angle, for which theB— J/y/Kg
channel has been pinned @] and ambiguities can be re- . . .
solved[4], the task of determining the angte is compli- vv_lth two other charge-conjugate channels. lef(_arent strate-
cated by the problem of separating two different weak had9'€S have been proposed to ex‘gract the aragleenher in-
ronic matrix elements, each carrying its own weak phase\./OIV'ng,aII the decay T“Odes OT?B“”“’ apm pairas well as
The evaluation of these contributions, referred to in the lit-1'€€ time-asymmetric quantities measurable in the three
erature as tharee (T) and thepenguin (P) contributions, ~channels for neutraB decays[6-8], or attempting to mea-
suffers from the common theoretical uncertainties related t§Ure Only the neutras P'GC?V m_odes by qukmg at the time-
the estimate of composite four-quark operators between hadl€PEndent asymmetries in different regions of the Dalitz
ronic states. For these estimates, only approximate schem 9t' . . . .
such as the factorization approximation, exist at the moment, Prghmmary to 'these' analyses is the assu_mptlon that, using
and for this reason several ingenuous schemes have bebHts In the three myarlgnt masses fo.r th? pion pairs, one can
devised, trying to disentangleandP contributions. In gen- extract .the.p contribution Wlthout S|gn]f|cant background
eral one tries to exploit the fact that in tReamplitudes only ~ contamination. The has spin 1, ther spin 0 as well as the
the isospin-1/2 pattof the nonleptonic Hamiltonian is active Nitial B, and therefore thep has angular distribution
[5]; by a complex measurement involving several differentc0S ¢ (¢is the angle of one of the decay products with the
isospin amplitudes, one should be able to separate the twner 7 in thep rest framg. This means that the Dalitz plot
amplitudes and to get rid of the ambiguities arising from the!S Mainly populated at the border, especially the corners, by
ill-known penguin matrix elements. this _decqy. Only very f_ew events s_hou_ld be Io_st by excluding
One of the favorite proposals involves the study of thethe interior of the Dalitz plot, which is considered a good

reactionB— p, i.e., six channels arising from the neuteal Way 10 exclude or at least reduce backgrounds. Analyses
decay: following these hypotheses were performed by the BaBar

working groupg 1]; Monte Carlo simulations, including the

background from thed, resonance, show that, with cuts at
§O—>p+7T_, (1) m,,=m,=300 MeV, no significant contributions from

other sources are obtained. Also the role of excited reso-

nances such as th€ and the nonresonant background has
BY—p (2)  been discussef®].

A signal of possible difficulties for this strategy arises
from new results from the CLEO Collaboration recently re-

'Opportunities forB physics at the LHC have been recently dis- ported at the DPF99 and APS99 Confereriddy:

cussed at the workshop on Standard Model Phy@iosl Morg at

the LHC, 1999; copies of transparencies can be found at the site

http://home.cern.ch/ mim/lhc99/octl4ag.html 3In this way the measurement of a decay mode with two neutral
2If one neglects electroweak penguin amplitudes. pions in the final state, Edq4), can be avoided.
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T The operators relevant to the present analysis are the so-
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FIG. 1. The polar diagram. For th& resonances B* called current-current operators:
=17, 0%) the strong coupling is on the left and the weak coupling — —
on the right; the situation is reversed for theroduction. Q1= (dUp)v-a(Ugbs)v-a,
B(B* —p°m*)=(1.5+0.5+0.4)x 105, 6) Q2= (d )y a(Ughp)y_a, (10
B(B—>piwi)=(3.5fi'ét0.5)>< 1075, (7) and the QCD penguin operators:
with a ratio Qa=(db)v-n X (E,ﬁq,’g)v—A,
_ q’=u,d,s,c,b
B(B—p*m™
R= (+—po+):2.3: 1.3, ®) _ _
B(B=—p~m) Qu=(dbply-n X (A0 v-as
q’=u,d,s,c,b
As discussed if10], this ratio looks rather small; as a matter
of fact, when computed in simple approximation schemes, = 2 — .,
including factorization with no penguin contributions, one Qs=(daba)v-a S (Agdp)vas
gets, from the Deandrea—Di Bartolomeo—Gatto—Nardulli amnase
(DDGN) model of Ref[11], R=13, admittedly with a large - o
uncertainty; another popular approach, i.e., the Wirbel- Qe=(d,bg)v—na E (q’ﬁq;)\HA,
Bauer-StechHWBS) model[12], givesR=6 (in both cases q'=u,ds.cb 11

we usea;=1.02, a,=0.14). The aim of the present study is

to show that a new contribution, not discussed before, igye yse the following values of the Wilson coefficients:
indeed relevant to decap) and to a lesser extent to decay C,=—-0.226, C,=1.100, C3=0.012, C,=—0.029, Cs

ke o the il esonarpcctonCepied 1t 09, G, 6,03ty e obig e ¥ o
Bl - ; (5)
nance or other excited states. TB& resonance, because of Veﬁmann (HV) scheme[14], with Ay s=225 MeV, u
phase-space limitations, cannot be produced on the massMy(M,)=4.40 GeV, andn,=170 GeV. For the Cabibbo-
shell. Nonetheless thB* contribution might be important, Kobayashi-Maskaw&CKM) mixing matrix[15] we use the
owing to its almost degeneracy in mass with eneson; Wolfenstein parametrizatiofl6] with p=0.05, »=0.36,
therefore its tail may produce sizable effects in some of thénd A=0.806 in the approximation accurate to orderin
decays ofB into light particles, also because it is known the real part and\® in the imaginary part, ie.,
theoretically that the strong coupling constant betwBeB*  Vya=1—N12, Vyp=ANp—in(1-\?/2)], Vig=AN3(1
and a pion is larg¢13]. Concerning other states, we expect —p—i7), andVy,=1.
their role to decrease with their mass, since there is no en- The diagram of Fig. 1 describes two processes. For the
hancement from the virtual particle propagator; we shall onlyB* intermediate state there is an emission of a pion by strong
consider the 0 stateB, with J°=0" because its coupling to  interactions, followed by the weak decay of the virte
a pion and the mesoB is known theoretically to be uni- into two pions; for thep intermediate state there is a weak
formly (in momenta large[13]. The plan of the paper is as decay ofB— p followed by the strong decay of thereso-
follows. In Sec. Il we list the hadronic quantities that are nance. We compute these diagrams as Feynman graphs of an
needed for the computation of the widths; in Sec. Il weeffective theory within the factorization approximation, us-
present the results and finally, in Sec. IV, we give our condng information from the effective Lagrangian for heavy and
clusions. light mesons and form factors for the couplings to the weak
currents
Il. MATRIX ELEMENTS To start with we consider the strong coupling constants.

They are defined as
The effective weak nonleptonic Hamiltonian for the

|AB|=1 transition i§

5In the second reference pf] a similar approach has been used to
describe the decay mo@®®— D * D~ #°; the main difference is that
“We omit, as usual in these analyses, the electroweak operatofer B— 34 we cannot use soft pion theorems and chiral perturba-
Qx (k=7, 8,9, 10; they are in general small, but f@4, whose tion theory, because the pions are in general hard; therefore we have
role might be sizable; its inclusion in the present calculations wouldo use information embodied in the semileptonic beauty meson
be straightforward. form factors. This is also the main difference with respedtsio
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(B%p")m(q)|B* ~(p,e))=g® B7eq,

(B~ (p") 7" (q)|BY(p))=GBoB7(p2),

12
(m°(@")m(a)|p~(p.€)=g,e-(q" —0).
In the heavy quark mass limit one has
* 2m

0> o=, 13

/Mg Mg s—m32 h

BoB7/ o) — _ 0 B
GFoET(g)= 5 e, T (14

For g and h we have limited experimental information and
we have to use some theoretical inputs. B@ndh reason-
able ranges of values amg=0.3-0.6, —h=0.4-0.7[17].
These numerical estimates encompass results obtained
different methods: QCD sum ruldd.3], potential models
[18], effective Lagrangian[19], Nambu-Jona-Lasinio—
(NJL-) inspired models[20]. Moreover g,=5.8 and f,
~130 MeV. This value ofj, is commonly used in the chiral

effective theories including the light vector meson reso-

nances and corresponds lig=150 MeV; see, for instance

[17], where a review of different methods for the determina-

tion of g is also given.
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wheref,=0.15 GeV [22] and

AJ=AJ(0)=0.16, Ay=Ay(0)=0.29, (16)
F1=F1(0)=F¢(0)=0.37, FZ=F(0)=F,(0)=—0.19.
17

The first three numerical inputs have been obtained by the
relativistic potential modelA, andF; can be found if21],
while AJ has been obtained here for the first time, using the
same methods. The last figure {&7) concernsFg, for
which such an information is not available; for it we used the
methods of 17] and the strong couplinBBy7 computed in
[23].

IIl. AMPLITUDES AND NUMERICAL RESULTS

b
y For all the channels we consider three different contribu-

tions A,, Ags, Ag,, due respectively to thg resonance,
the B* pole, and theéB, positive parity 0" resonance, whose
mass we taketo be 5697 MeV.

For each of the amplitudes

For the matrix elements of quark bilinears between had-

ronic states, we use the following matrix elements:

2
i

o if_m
(7~ |dysul0)= ,

2mq
0 — bIB* - e 2mB*Ag
(m°(a)|uysb|B* ~(p))=ie“(q p)#—mb+mq,
*(.0)[Tysb[BO(p)) =i € 4(p—q), om0
(p7(d,€)|uysb[B°(p))=ie**(p q)Mmb+mq,
— = mg—m?,
(7 (q)|uy,b|B(p))=F1| (p+a)*— S (P—q)*
(p—q)
PP o
O(p—q)2 p—q)”,
(mH (@) [uy*(1— y5)b|BS(p))
e
:i F + )M_— — )#
1| (p+q (p_q)z(p q
_ mg —m? ]
+Fo——— (-,
°(p—q)? P=d

(Oluy d|p~(a,€))=" ", (15

A P =AB —a 7w ath), (18

A" O=AB =7 7070), (19

At O=AB =7t 7 70, (20)

we write the general formufaa’l= Ak + AL+ AJE . we

get, for the proces£l8),

t'—u t—u

A, " T=n0

2, + ’ 2,
t—mp+|Fpmp t—mp+|Fpmp

II(t,u)

t—sz*-l-iFB*mB*

Age =K

II(t",u)

t’—m§*+iFB*mB*

We identify the 0 state mass with the average mass ofBi&
states given if24].

"We add coherently the three contributions; the relative sigiBthe
resonances on one side and theontribution on the other is irrel-
evant, as the former are dominantly real and the latter is dominantly
imaginary. The relative sign betwed and By is fixed by the
effective Lagrangian for heavy mesons.
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B 1 where, ifp.- is the momentum of one of the two negatively
Agy T=KO (méo— m2) > T charged pions=(p,-+p,+)2 t’ is obtained by exchang-
t=mg +1l'g Mg, ing the two identical pions andis the invariant mass of the

two identical negatively charged pions. Clearly one has
21) +t+t'=m3+3m?2. The expressions entering in the previ-
ous formulas are

1

I _ 2 :
t mBO+|FBOmBo

+

— Gg c G

0_ [vubv;diﬂ[f F, c1+ +m,Aof (c2+§1 vatbvfdji Cat )(f F1—m,Aof )

+2] cot 2 mAdf My
Co™ 3| Mo T(My+mg)2mg |’

= —4\2gm2AT Vot | VoV ot 2 =2 +C5 My

= 2gmg o\/— VubVudl €2 3 tbVtd| Ca 3 Ce m
Ko h\/mBF”GF 2 _m2) |V, Vv S ERVIRY; —2 S My 22

=“"Vineo oﬁ(mso_ms) ubVud| €21 3|~ VioVig C4+ 3 Cet 3 3 (myrmgzmg || (22

with my=4.6 GeV,m;~m,~my=6 MeV, I'g«=0.2 keV,I' =0.36 GeV[17]. Moreover, for the procesd9)

— s'—u s—u
,OO_ —
A, =1

2, + ’ 2
s—mp+|l“pmp s—mp+|1“pmp

A-00_ 1 s+s’—4mi+ KH(s’,s)+KlH(s’,u)+KH(s,s’)+K1H(s,u)
B2t 2m?, ' — M2, +iT g« Mgs S—May +iT g Mgs
ROy Ree KO Ree QO (mg,—m?)
Ag = — e + — 5 . (23
S— mBo+'FBomBo s _mBo+'FBomBo u—mBo+|1“BomBO

In this case we define=(p,-+p,0)?, if p,o is the momentum of one of the two identical neutral picsisis obtained by
exchanging the two neutral pions ands their invariant massagain we have a relation among the different Mandelstam

variables:s+s’ +u=m3+3m2). Thenz~, K, andK®® are given by

— G * gp C2 G * gP
77 = \/_Vuqud\/_ f Fl C2+ +m Aof C1+§ \/_thth\/_ C4+ (_pr1+mpAofﬂ)
—-2|c -I—E m Af m—i
& 3/ (my+my)2m, )’
agm2arSE Ly v 2| Ly v 2 % My
gmg o\/— VubVad 01+3 +Vip tdc4+3 Cﬁgm ,
2
Rcc—h\/ —E(mEo—m2) { VoV ¢ 4 & +V,, V&l ¢ ;o -2|¢c +EL (24)
\/— Bo~ ''lB ubVud 1 3 tb Vtd| “4 3 6 3 (mb+mq)2mq ’
and
x(m3—m2—x)
(y)=m2 = 4 =2 25

4mg*
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while K° was given above iti22).
Finally, for the neutraB decay(20), we have

A+‘°=7;° u—s byt s—t o t—u
P 2 2, 2, !
t—mp+|Fpmp u—mp+|1“pmp s—mp+|Fpmp

AFO_ KTI(s,t)+ K, II(s,u) KII(t,s)
B* -

s—mé*+iFB*mB* t—m§*+iFB*mB*

RO+Ree RO

2 ; + 2 H
S—mg i FBOmBO t— mg, + |1“BomB0

Ago‘oz(

where s=(p,-+p,0)?, t=(p,-+p,+)% u=(p,++p,0)? and s+t+u=m23+3m,27. The constants appearing in these
equations are

) (mg,—m3), (26)

. o 05 mf,

7°= = S (FFirmAf, )‘/E VubVid C1+ 3 +VipVig C4+ 3 M Aof - \/—thth ) (my+mg)2my’
GF c, (o Cg quT

n+=g,,mpAofﬁ‘VUbv:d( et 5)‘thv?d ¢4t 3 72 %" 3 imyrmgi2mg

*:fF%VV Cot 2| —VpVEy| cot 2 “

7 gp P 1\/5 ubVud| L2 3 tbVitd| ~4 3

For the charge® decays we obtain the results in Tables | B~ — 7~ 7°#° decay mode, while foB™— =7 7~ the
and Il. In order to show the dependence of the results omffect is significant. For the choice of parameters in Table |
the numerical values of the different input parametersthe overall effect is an increase of 50% of the branching ratio
we consider in Table | results obtained wigh=0.40 and as compared to the result obtained by theesonance alone.
h=—0.54, which lie in the middle of the allowed ranges, In the case of Table Il we obtain an even larger result, i.e., a
while in Table Il we present the results obtained wih total branching ratic3(B~— 7" 7~ 7 ) of 0.82x10°°, in
=0.60 anch= —0.70, which represent in a sense an extremegeasonable agreement with the experimental re€)l{the
case(we do not consider the dependence on other numericalontribution of thep alone would produce a result smaller by
inputs, e.g., form factors, which can introduce further theo-a factor of 2. It should be observed that the events arising
retical uncertainty In both cases the branching ratios arefrom the B resonances diagrams represent an irreducible
obtained withrg= 1.6 psec and, by integration over a limited background, as one can see from the sample Dalitz plot de-
section of the Dalitz plot defined as,— 6<(\t,\t')<m,  picted in Fig. 2 for theB™ — =" 7~ 7~ (on the axis the two
+ 6 for B™ —>7T aat andm,— 5<(f Js' )ys=m, +5for m2+ _ squared invariant masgesThe contributions from
B —x w%#°. For§ we take 300 MeV. This amounts to the B resonances populate the whole Dalitz plot and, there-
require that two of the three piorishose corresponding to fore, cutting around~t’~ m, significantly reduces them.
the charge of the) reconstruct the mass within an interval Nevertheless their effect can survive the experimental cuts,
of 26. Numerical uncertainty due to the integration proce-since there will be enough data at the corners, where the
dure is=5%. contribution from thep dominates. Integrating on the whole

We can notice that the inclusion of the new diagrafs ( Dalitz plot, with no cuts and including all contributions,
resonances in Fig.)Iproduces practically no effect for the gives

TABLE |. Effective branching ratios for the charg&decay TABLE IlI. Effective branching ratios for the chargdtldecay
channels into three pions for the choice of the strong coupling conehannels into three pions for the choice of the strong coupling con-
stantsg=0.40 andh= —0.54. Cuts as indicated in the text. stantsg=0.60 andh=—0.70. Cuts as indicated in the text.
Channels p p+B* p+B*+Bg, Channels p p+B* p+B*+By
B —a #%7° 1.0x10°° 1.0x10°° 1.0x10°° B —m 707° 1.1x10°° 1.0x10°° 1.1x10°°
B —m'm 7w~ 0.41x10°° 0.58<10°°  0.63x10°° 2 A 0.41x10°° 0.74<10°° 0.82x10°°
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o5 TABLE llI. Effective branching ratios for the neutr&@ decay
R channels intoow (g=0.60, h=-0.70). Cuts as indicated in the
: text.
20 Channels p p+B* p+B*+B,
B'—p 7wt 0.50x10°° 0.52x10°° 0.49x10°°
Y B'—pt 1.7x10°° 1.7x10°° 1.7x10°°
" B pOm® 0.10x10°° 0.15x10°° 0.12x10°°
K BO—ptm” 0.49<10°°  0.51x10°°  0.48x<10°
10r g B—p 7t 1.7x10°° 1.7x10°° 1.7x10°°
BO— pOr0 0.11x10°° 0.17x10°° 0.15x10°°

w

To allow the measurement af, the experimental pro-
grams will consider the asymmetries arising from the time-
dependent amplitude:

FIG. 2. Sample Dalitz plot for the decey — a7 7. In Am Amt_
order to show the mass distribution of tBeresonance diagrams, At)y=e 2 COSTA+’°ii sinTA+’° , (33
only their contribution is taken into account for this plot.

where one chooses the sign according to the flavor of the

Xg( B~ — 7~ 70w =1.5x10"5, B, and Am is the mass difference between the two mass
B L . eigenstates in the neutrBlsystem. Heré\ ™~ is the charge-
Xg(B™—a 7™ 7™ )=1.4x10"", (28 conjugate amplitude. We have performed asymmetric inte-

grations over the Dalitz plot for three variabléy;, R,, and
where the values of the coupling constants are as in Table R,, which multiply, in the time-dependent asymmetry, re-
We now turn to the neutraB decay modes. We define gspectively, 1, coAmt and simAmt We have found no sig-
effective width integrating the Dalitz plot only in a region pificant effect due to th&* or the B, resonance foR; and
around thep resonance: R;. On the other hand these effects are preseRbirbut R,
. . is likely to be too small to be accurately measurable.
Feff(Boﬁp_ﬂj—):F(BO_>7T+77_7TO)|mp75sV§smp+§1

(29

—t _ — _ IV. CONCLUSIONS
I‘eff(BO_’P+7T ):F(BO_’77+7T 770)|mp76s\fﬁsm +6

(30) In conclusion our analysis shows that the effect of includ-
ing B resonance polar diagrams is significant for e
—a 7 «" and negligible for the other chargdl decay
mode. This result is of some help in explaining the recent
results from the CLEO Collaboration, since we obtain

1_‘eff(go_’l)oﬂ'o) = F(EO_’ e 770) | m,—d=<\f=m +5-
(3D

The Mandelstam variables have been defined above and
again we use&S= 300 MeV[25]. Similar definitions hold for R=3.5+0.8, (39
the B® decay modes. The results in Table 1l show basically

R0 + ¥
no effect for ”g)e% —p~m decay channels and a moderate , pe compared with the experimental result in ). Thep
gffect for thep™a" decay channel. Thioeffect in Eh's channel .gsonance alone would produce a result up to a factor of 2
is of the order of 20%resp. 50% for B* (resp.B”) decay, higher. Therefore we conclude that the polar diagrams exam-

for the choiceg=0.60,h=—0.70; for smaller values of the ined in this paper are certainly relevant in the study of the
strong coupling constants the effect is reduced. IntegratioghargedB decay into three pions.

on the whole Dalitz plot, including all contributions, gives In the case of neutrd decays we have found that, as far
o as the branching ratios are concerned, the only decay mode
Xg(BY— 7t~ w0)=2.6x107° (32)  where the contribution from the fake's (production of a

pion and theB* or the B, resonancemay be significant is
confirming again that most of the branching ratio is due tothe neutralp®7° decay channel. As for the time-dependent
the p exchangdthe first three lines of thg column in Table asymmetry no significant effect is found. Therefore e
Il sum up to 2.3<107%). — arrr decay channel allows an unambiguous measurement
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