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We reconsider two classical proposals for the determination of the anglethe unitarity triangle:B*
—Xeom — 7w T andBs— p°Ks— 7" 7 Kg. We point out the relevance, in both cases, of nonresonant
amplitudes, where ther" 7~ pair is produced by weak decay ofBt (J°=1") or B, (J°=0") off-shell
meson. In particular, for thB decay channel, the inclusion of tlBg pole completes some previous analyses
and confirms their conclusions, provided a suitable cut in the Dalitz plot is performed; f@;ttecay the
inclusion of theB*, B, amplitudes enhances the role of the tree diagrams as compared to penguin amplitudes,
which makes the theoretical uncertainty related toBge> p°K 5 decay process less significant. While the first
method is affected by theoretical uncertainties, the second one is cleaner, but its usefulness will depend on the
available number of events to perform the analysis.

PACS numbgs): 11.30.Er, 12.15.Hh, 13.25.Hw

[. INTRODUCTION few strategies for the determination af have been also

proposed, most notably those based on the study of the chan-
elsB— 7 andB— pr [5,6]. For this last channel a recent

analysis[7] has stressed the role of non-resonant diagrams

several aspects @P violations in the realm oB physics. In  Where one pseudoscalar meson 1 emitted by the iritial
particular the three angles, 8, and y of the unitarity tri- ~ MesoN with the production of &8* or a positive parity
angle will be extensively studied not only to nail down the Bo (3"=07) virtual state followed by the weak decay of
Cabibbo-Kobayashi-MaskawéCKM) matrix and its en- these states into a pair of light pseudoscalar mesons.

coded mechanism fdE P violations, but also to examine the ~ One of these diagram@he virtual B* graph has been
possibility of deviations from the pattern expected in theeéxamined also by other authors in the context of the deter-
standard model. Some analyses, based on combined Collideination ofy [8—10]. It is useful to point out thay appears
Detector at Fermilab(CDF) and ALEPH data[1,2] on  at present to be the most difficult parameter of the unitarity
sin 28, sin28=0.82"0.39, as well as on CLEO resulf§] triangle. In recent years several methods have been proposed
and other constraints on the unitarity triangle, have been ako measure this angle; some of them are theoretically clean,
ready used if4] to get limits on the three angles, 8, and as they are based on the analysis of pure tree diagrams at

y. Although preliminary and based on a number of theoretgyark level, such as— ucs andb— cus transitions. One of

ical inpUtS, these results are worth qUOting, as they represeme benchmark modes was propose@]jm] and emp|0ys the
theoretical and phenomenological expectations to be COHecaysB* —DK*, B*—DK*, andB*—D2K™*, where

firmed or falsified by the experiments to corhe: D‘i denotesCP eigenstates of the neutrBl meson system
with CP eigenvaluest 1. The difference of the weak phases

In the next few years dedicatexi e~ machines at Cor-
nell, SLAC, and KEK and hadronic machines such as th
CERN Large Hadron CollidefLHC) will explore in depth

p=24.3° or 85.7%, @ between th8* —D°K* and theB* —DP°K* amplitudes is
S B.0° 2v, which would allow to extract the angle by drawing
¥=55.5"gz-, (2 two triangles with a common side: one of the triangles has
sides equal to A(B*—D°K"), A(B*—D%%™"), and
@=180°-B—vy. 3  J2A(B*—DYK™), respectively, and the other one has

sides A(B"—DY% " )=e 27A(B*—D%K*), A(B~
The first angle to be measured with a reasonable accuracy, DOK—):A(B+HFK+), and V2A(B~—DY%K ™). Even
will be 3, by the study of the chann@—J/yKs, whichis  hq,gh this method is theoretically clean, it is affected by
free from the theoretical uncertainties related to the evaluaggyeral experimental difficultiedor a discussion sefL2)).
tion of hadronic matrix elements of the weak Hamiltonian. Agne of these difficulties arises from the need to measure the
neutral D meson decays int€ P eigenstates, but also the
other sides of the triangles present difficult experimental
The fitted value of sin 8, which corresponds to the valg#), is  challenges. For example, if a hadronic dec@g., D°
sin 28=0.750"0 023 [4]. —K~7") were used to tag thed® in the decayB*
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—DPK™", there would be significant interference effects withcluded the B* pole, which is the largest among the
the decay chaiB™ DKt K 7 K" (through the dou- contributions considered if8].2 The authors in10] have
bly Cabibbo suppressed mo@_)}(*ﬂfr); if, on the other ~ considered other decay modes in the same kinemati+cal re-
hand, the semileptonic chanr2?— | * » X, were used to tag  9ion, by analyzing the partial width asymmetry B~
the D, there would be contaminations from the background—MM 7~ decays W =="*,K", %% 7). Spotting the decay
B*—1*yX,. mode B —w o 7, they estimate an asymmetry given
The other benchmark modes for the determinationyof approximately by 0.33sif, which, however, seems to be
discussed in the recent review prepared for the Large Hadrogensitive to the choice of the parametgt§].
Collider at CERN[12] have also their own experimental ~ Our interest in this decay channel has been triggered by
difficulties; for these reasons we consider worthwhile to conthe study of a different invariant mass regidie., m, .
sider other channels, already discussed in the past and somem,) [7], where also the contribution of th®, pole (°
how now disfavored because of their more intricate theoretcof, with an estimated mass 5.697 GeWas found to be
ical status. We are aware of these theoretical difficulties andignificant; therefore we include it in the present analysis,
it is the aim of the present paper to discuss them in somehich represents an improvement in comparison to previous
detail for two methods proposed for the determination of thework. The second improvement we consider is the inclusion
angley. The first method is based on the idea to analyze thef the gluonic penguin operators. We refer to the pdger
chargedB CP-violating asymmetry, which arises from the for a full discussion of the formalism and we list here only
interference between the resondiat the invariant mass the relevant contributionAXcO, Ag, . andABo to the decay
m,,= 3417 GeV) and nonresonafthe virtual B* graph  amplitude:

production of a pair of light pseudoscalar mesons in the de-
cay B—3 light mesons. It is an aim of the present work to 1 1

complete the analyses [B8—10] by considering the channel A =
B— 3, including also the contribution of the virtual posi-
tive parityB, (J°=0") state and the gluonic penguin opera-
tors. We shall therefore analyze the robustness of the conclu- - -
sions in[8,9] and[10] once these additional contributions are K ( TI(t,u) N (s,u) )
Bx — \B* ’

2 : + 2 R
N mXco+ ImXcor)(co S— mXcO+ ImXcor)(co

considered.

The second analysis we consider here is the possible de-
termination of y by means of theB.— p°Kg decay mode.
Also this process has been considered in the [t but it ( 1

t

t—mé* +imgsI'gx s— mé* +imgs g«

is presently less emphasized because the tree level contribu-Ag = KBO(méo—mi)
tion, that one hopes to estimate more reliably, is suppressed
by the smallness of the Wilson coefficieat. As we shall
notice below, the non-resonant tree contributions to this de- 1
, a : , + _ : &)
cay (i.e., B* andB;) are proportional to the large Wilson s— mé +img I'g )
coefficienta, (a,~1); therefore we expect that their inclu- 0 oo
sion can reduce the theoretical uncertainties arising from the
penguin terms. This channel could be a second generatidfhere
experiment provided a sufficient number of events can be
collected, once, the mixing parameter for thBs-B sys- u=(pwl—+pﬂ2—)2, s=(pﬂ++pwl—)2, t=(p,7++p,,2—)2,
tem, andB have been determined by other experiments.

—m2 +i
mBOJHmBOFBO

- , Y X(M§g—m’—x)
Il. B—x.om DECAYS II(x,y)=m,— §+4—2 (6)
Mg«
We consider in this section the decay mode B

In Eqg. (5) the values of the constants are
B —nmn"m o, (4)
K,=1.52<10"% GeV?, )
as well theCP-conjugate mod8* — 7~ 77", in the in-
variant mass range+,-=m, =3.417 GeV. For this de-

cay mode we have both a resonant contribution coming from 2o ess important terms discussed [Bl include a long-

the decayB™ —xcom — 7 m and several non reso- gistance type diagram, where an intermediate highly off-shell pion
nant contributions. According to the analysis performed in,g exchanged among the incomiBgmeson and the outgoing pions,
[8-10], this decay mode can be used to determineyddy  and a short-distance diagram, where the outgoing pions are pro-
looking for the charge® asymmetry arising from two am- duced in a pointlike effective interaction by the weak decay oBthe
plitudes: the resonant productioia y.o decay and nonreso- meson; we agree with the authors[B] on the smallness of these
nant amplitudes. Among the nonresonant terms, we have imeglected terms.
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. Ge
Kgs = —4/2gm3AS E[Vubvﬁdaz

m2

w
mMg(Mp+mg)

\/ ( 8,~ Ma)Fo \/—[ VupVidaz

m7

Mg (M, +mg)

— thvfd( a,—ag } . 9)

The numerical value in E(7) is derived in[9], where the
resonance amplitude is given by

VFXcomXCO

m +|FX o Mreo

R(S)=a1a2 (10)

Normalizing the decay rate " — yomr " — a7 7 7" by
the totalB decay rate, the produet; a, in Eq. (10) is given
by the product of the corresponding branching ratios:

2matas=Br(B*— xco) XBr(xco—m 7). (11)
In [9] the product of the branching ratios in EdJ) is esti-
mated to be about®810~, which gives the numerical value
in Eq. (7).
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FIG. 1. Asymmetry as a functiofy for B— yo7.

However the introduction of th&, pole contribution dra-
matically reduces the asymmetry, because this contribution
to the asymmetry is opposite to tlB term. We have ob-
served that this cancellation arises from a change of sign
around they.o resonance and therefore we change a little bit
the procedure by defining a cut in the Dalitz plot. We inte-
grate in the region defined by

As to the numerical values of the constants appearing in

Egs. (8) and (9), we use the same values adopted i g
=0.4,h=—0.54, Mg« =mg=5.28 GeV, mz =5.697 GeV,

FBO=O.36 GeV, I'g+=0.2 keV, my=4.6 GeV, my=~m,
~my=6 MeV, A" "=0.16,FE"

—0.19. These numerical

My~ 20y, < Js< My, 20,
m, < Jt, (13)
or
My~ 20, < Jt= My, 20 vy
My <Vs, (14)

estimates agree with results obtained by different methods:

QCD sum ruleg[14], potential modeld15], effective La-
grangian[16], Nambu—Jona-Lasinio£NJL)-inspired mod-
els[17]. Moreover, we use the following values of the Wil-
son coefficient: C;=—-0.226, C,=1.1, C3=0.012, C,
—0.029, C5=0.009, and Cg=—0.033, with a,=C,
+C4/3,a;,=C;+C,/3. The Wilson coefficients are obtained

in the 't Hooft—Veltman (HV) scheme[18], with Ai

=225 MeV, u= mb(mb) 4.40 GeV, andm;=170 GeV.
For the Cabibbo-Kobayashi-Maskaw@KM) mixing matrix
[19] we use the Wolfenstein parametrizatid@0]: V,,
=AN3(p—i7n), V=1, Vig=1-A2%2, Vu=AN3(1-p
—i7m), Vep=AN2, V=1—\?/2, andV,s= — A\?. We take
A=0.22 andA=0.831; moreover, since is better known

thanp we take it at the value provided by the present analy-

ses of the CKM matrix:zp=0.349[4]. It follows thatp will
be given, in terms ofy, by p= n/tany.
The asymmetry is given by
B IrB"—a w*a")-TI'(B —==a*tm 7w")

_F(B+*>7T 7t )+ T (B —atwm w Bl

(12

By introducing only they.q andB* contributions, we repro-
duce, within the theoretical uncertainties, the resultgl6f.

whereFXC(): 14 MeV. It may be useful to observe that the

integration over the whole available space in the Mandelstam
plane around the, resonance gives BB —7 7 7")
=Br(B*"— 7w 7w 7w ")=5.27x10 ' and therefore the cut-
off procedure introduces a reduction of a factor 5 in the
branching ratio.

For the asymmetry we obtain the result in Fig. 1. Ror
=55°, it can be approximated by, = 0.48 siny. In order
to assess the relevance of tBg pole, we report in Table |
the contribution to the branching and to the asymmetry of the
different contributions for a particular value of gin

We observe that the inclusion of the next low-lying state
B, does not alter significantly the conclusions obtained in

TABLE I. Different contributions to the branching ratio and
asymmetry in the decay chanm@l — 7~ 7~ «*. Both branching
ratio and asymmetry are cut off according to the rules in Egs.
(13),(14) and siny=0.82.

Xcot B* Xcot B* +Bg
Br(B —a 7 7 )eut 1.18x10°7 1.06x10° 7
Br(B*— o 7 7" )cut 1.48x10° 7 2.54x10°7
Acut 0.11 0.41
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previous works, where basically only tH& nonresonant K
term was considered; however this conclusion can be ob-
tained only if a convenient cut in the Dalitz plot is included.
We also observe that the calculations performed in this sec- P
tion are not sensitive to the inclusion of the gluonic penguin
contributions. T

To get an estimate of the dependence of our result on the 5 5 Thep Feynman diagram for thB—Ksm— 7" decay.
parameters, we considered the following intervals for therpe circle and the box represent, respectively, the strong and the
couplingsg andh. Forh=—0.54 andy=0.4+x0.1 we obtain  \yeak interaction vertex.
(at siny=0.82) an asymmetryd,=0.41"39; for g=0.4
and h=-054£0.16 we have an asymmetyA.,  The mixing betweerBs andB, parametrized by the pa-
=0.41'50%. The corresponding variation op is extremely  rameter in Eq(17) introduces no weak phase.
large (30° to 150 °) because the asymmetry is rather flat in  Both thep® diagram(Fig. 2) and theB*, B, non-resonant
that region. We conclude that due to the theoretical uncergiagrams, with a cut in ther™, =~ pair at m,,=m,
tainties inherent to this method, the changg)= can hardly +2T, (Fig. 3) contribute toAr andAp, that are therefore

be useful for a precise determination of the angle given as follows:
— 0 1
11, Bs P KS DECAY AT=|AT|e'(¢T+”)=A;+Ag* +AE01 (21)
In the decayB— p°K s the final state is £ P eigenstate;
in this case one can measure either the time dependent asym- G PP P
metry Ap: |Ap|el(¢P B):Ap +AB* +ABO . (22)

0 — o The amplitudes are computed in the factorization approxima-
Ry(t)= I'(Bs(t)—p Kg)—T'(Bs(t)—p Kyg) (15 tion from the weak nonleptonic Hamiltonian as given by
1 I'(B(t)— p°Kg)+ T (By(t)— p°Ksg)’ [18]; our approach is similar to the one employed in Re&f.
where a full description of the method is given. We gét (

or the time integratedt&0) asymmetry: =T.P)
© 0 . 0 AQ: KQ =t ’
| atr @09 @00k P e im
27 T n — -
f dt[ T (B(t)— p°Kg) + I'(B4(t)— p°Kg)] t—t
° AR =K8,——— ,
(16) U_mB*+|mB*FB*
Let us define 5 5
mBO_ mBs
AS =-Kg — : (23
Amg 0 Su—mg +img I'g,
Xs= : (17)
r
where
whereAmy is the mass difference between the mass eigen-
states and"~T"(B.)~TI'(B,) and U=(p,-+p,+)% t=(pxtp,-)% t'=(pc+ pw+)(22-4)
A=A(B—p°Ks), A=A(B—p°Kg), (18)  In Eq. (23 the values of the constants are
. . K T
A=|A|e T+ |Aple!Pemh), 19
B,
A=|AfT N4 | ALl (Pt A), (20) B* Bo
T

Here ¢ and ¢p are strong phases of the tree and penguin  FiG. 3. TheB*, B, Feynman diagrams for thB,—Kgm™ 7"
amplitudes|A;| and|Ap| their absolute values anélandy  decay. The circle and the box represent, respectively, the strong and
the weak phases of thé}; andV};,, CKM matrix elements. the weak interaction vertex.
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KT= &v* V,pa =) (25) KT —T:BOWM %v* v hoT
p 2\/5 ud Y ub lgpﬂT"lT pT1 By~ 0 mBO \/E udVup@2 mBOmBS fK,
(29
G
K:?: _Fvikdvtba4gp‘rrﬂ'fp|:?SK ’ (26) ~ méo_ mi— GF m2
2\2 Kp =—F0"——— — ViVl ay—ag———
By 0 m tdVib| 4 aem (Mp+my)
Bo \/E q\ "o g
Ge fr
Ki, =4AB* ™" ——V* V12,0 Mg Mgs, (27 hf,
B \/E udtu fK s X mBomBS?, (30)
U m? whereg,,,=5.8, f,=0.15 Ge\f [21], m,=770 MeV, T,
Kge=—4A¢ Evtdvtb A" 81 (my+mg)) 9 =150 MeV, =130 MeV, =161 MeV, Foom=-0.19,
F;*"=-0.19, andmg_=5.37 GeV[7]. From these equa-
Xf_’me Mg, (28)  fions the parameters appearing in E@s), (22) can be ob-
fk s tained. The time integrated asymmetry is
|
A= X[ SiN2y— a4 SiN2B—2a5SIN(B—7y)]—2a3SiN(y+ B) 31
(1+x3)[1+ a;+2a, cod B+ y)] '
|
Numerically we obtain Xs/(1+x2) which, in view of the large mixing betweeB,
andgs, is rather small. Second, as it is clear from E2)),
f dQ|Ap|? the ratio of the penguin to the tree amplitudes can be large, if
;=" =0.06, one includes only thp®-resonant diagrantsindeed thep®
fdQIA 2 contribution is proportional to the Wilson coefficiet
i which is small. As to the first point a small asymmetry can

still be useful for determining provided a sufficient number
. of events is availablésee beloy; as to the second point the
_ J d cod r o)l ApArl _ inclusion of the nonresonant contributi&t, B, is of some
N =—0.0s, help in this context, as the tree contribution is proportional to
j dQ[Aq|? the Wilson coefficient,=1.0 for these diagrams.
A reliable estimate of the branching ratio is difficqitte-
cause of the uncertainty on tlag parameter The effect on
f dQ sin(pr— ¢p)|ApAs] the asymmetry is to reduce the influence of the penguin op-
= =0.015. erator in the final result as can be deduced from(Bg). In
J dQ|Af|? order to assess the validity of the method for the determina-
(32) tion of the asymmetry, we varied the penguin contribution by
varying thea; parameters of Eq:32) by 50%°2 Our results
In these equations integrations are performed in a bantpr the asymmetry vary by 10%assumingy=55.5°) and

A

ag

around thep mass:m,*200 MeV. the value ofy that one can deduce is 58 5degrees due to
For illustrative purposes we consider the vakie=23, this uncertainty.
B=65.7°, andy=55.5°, corresponding to the central val- In Fig. 4 we report the asymmetry as a function of the
ues in[4]; one obtains an asymmetry of 3.5%. angley (for xs=23 and two values 0B).
It can be observed that the chaniBal— p°Ks has been Let us conclude this analysis with a discussion on the

discussed elsewhere in the literat{iz2], but somehow dis- reliability of the B decay mode for the determination of
carded for two reasons. First the asymmetry contains a factgkn estimate of the sensitivity of the method can be obtained

3For the solution3=24.3° and the same values gfandx, one “Without theB* and B, contribution the parameters of E(B2)
gets for the asymmetry again 3.5% as the coefficientsa,, a3 would be largera;=0.26, a,=—0.27, andaz= —0.45
are small and the asymmetry can roughly be approximated by 5The reason could be a violation of factorization or a variation in
sin 2y/Xs. the parameters used to estimate the penguin contribution.
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A =410 events per year and2x 10° in 5 years, which would
produce an uncertainty af 17 ° ony (assuming«;= 23 and
vy=55°) to be compared to the estimated errorzo9 °
within 3 years at LHC forB;—J/WKg. Therefore even if
the mode B,—p°Kg is less competitive than theBg
gamma —JIWKgone, it is not dramatically so if the branching ratio
is not too small, and could be considered as a complementary
analysis for the determination of. The final assessment of

125

=002 the feasibility will be clear as soon as an experimental deter-
mination of the branching ratio fd.— p°K is available.
-0.04
FIG. 4. The relevant asymmetry in the decay chanBegl IV. CONCLUSIONS
—Kgm" 7~ as a function ofy. The solid line corresponds t8
=24.3° while the dashed one f§=65.7°. In this paper we have reviewed two classical methods

proposed in the past few years for the determination
by comparing it, as an example, Bs—J/WKs. The of the angley: B*—x.om — o 7 7~ and Bg—p°Kg
branching ratio forBs—J/WKg is expected to be 2.0 — 7" 7~ Kg. For the first decay channel we have included,
X 107° [12], while the branching3s— p°K is roughly one  besides theB* nonresonant diagram, thg, (JF=0") off-
order of magnitude smallérThe event yield for theBs  shell meson contribution. This calculation completes previ-
—JI'WKgchannel is estimated to be 4100 event per year by @us analyses and confirms their results, provided a suitable
selection method developed by the CMS Collaboration at theut in the Dalitz plot is performed; however it appears that
LHC (with a p7 cut >1.5 GeVk on the pions from th&s  this method is subject to a large uncertainty on the determi-
decays to suppress the combinatoric backgroufgsuming  nation of y coming from the allowed variation in the theo-
a similar selection method fd,— p°Kg, one could obtain retical parameters because the asymmetry is rather flat in the
region of interest. For the second channel we have pointed
out the relevance of the two nonresonant amplitudes, i.e., the
mechanism where the " 7~ pair is produced by weak de-

P_q- P_n+
the result of the partial cancellation of the Wilson coefficiepnand _Cay Of_ aB* (J"=17) orB, (J"=07) off-shell meson. The )
¢, and on the validity of the factorization approximation{#8] an  inclusion of these terms enhances the role of the tree dia-

estimate of (1-0.5)x 10" is given; with the values adopted in the 9rams as compared to penguin amplitudes, which makes the
present paper we get210 7 because a much smaller valueaf  theoretical uncertainty related to tf— p°Ks decay pro-
is used. Note however that the asymmetry is largely independent &€ss less significant. This method can be considered for a
the precise values of the parameters used to obtain the branchimplementary analysis for the determinationyoprovided

5The precise value critically depends on the paraneetevhich is

ratio. a sufficient number of events can be gathered.
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