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Abstract. We review the status of direct C'P violation search in flavor specific B decays with K /7 or
n/n’ in the final state. Results from BaBar, Belle and CLEO will be presented with the averages obtained
assuming that experimental errors are not correlated. No evidence of direct C'P violation is seen although
there are 20 deviations from 0 for Acp(K+7™) and Acp(nr™).

PACS. 13.25Hw — 11.30Er — 12.15Hh — 14.40Nd

Recently observations of mixing induced CP violation
have been reported by both the Belle and BaBar exper-
iments [IJ2]. The CP violating parameter sin(2¢,), or
sin(20), is precisely measured and the world average value,
0.734 £ 0.055, indicates a large C'P violation in the B
sector. The most straightforward evidence for CP viola-
tion is to measure the difference of the time-integrated de-
cay rate between C'P conjugate decays into flavor specific
final states. Theoretically the C'P violating asymmetry
arises with at least two decay amplitudes with compara-
ble strength but containing different C'P conserving and
CP violating phases. This partial rare asymmetry Acp
can be expressed as,

A N(B — f)—N(B — f)
PTNBSH+NB= )
Zaiaj sin(8; — d;) sin(6; — 6;)
2

=< ) (1)
Z a;aj cos(d; — d;) cos(6; — 0;)
2

where §; and 60; are the C'P conserving phases and C'P
violating phase for the amplitude a;, respectively.

In the standard model, C'P asymmetry could be size-
able in charmless hadronic B decays where penguin and
b — wu tree amplitudes may be comparable. However,
hadronic uncertainties and rescatterings need to be con-
sidered in describing hadronic B decays, which makes it
difficult to predict Acp. Moreover, new physics may con-
tribute to the penguin loop and result in an unexpected
C P asymmetry. Therefore, measuring the decay branching
fractions (BF) and C'P violating asymmetry from charm-
less B decays helps to understand B decay dynamics and
to probe new physics. In this article, we review the ex-
perimental results of C'P asymmetry for B decays into hh
or nh, where h is m or K. Theoretical predictions from
various approaches will be discussed.

Besides the pioneering work of charmless B decays
from the CLEO collaboration, both the Belle and BaBar
experiments have accumulated more data and provided
measurements with better precision. These three exper-
iments all take data at ete™ colliders where the CLEO
detector is located at the ete™ center of mass and Belle
and BaBar operate in asymmetric collisions to facilitate
the time dependent C' P analysis. Results presented in this
paper correspond to a data set at 7°(4S5) resonance. A rel-
atively small amount of off-resonance data was used to
understand the ¢q continuum background, here ¢ = u,d, s
or c¢. A detailed description on these three detectors can
be found somewhere else [3[4,5].

B signals are identified using the beam con-
strained mass (beam energy substituted mass) , M. =

VEZ.. — P3, and the energy difference, AE = Ep —
Eycam, where Eyean is half of the total eTe™ energy, and

Pp and Ep are the momentum and energy of the B candi-
date in the 7'(45) rest frame. Charged K and m mesons are
distinguished using the information of the particle identifi-
cation (PID) devices. In Belle, K — separation is achieved
by making a cut on a likelihood ratio, Lx/(Lr + LK),
where L /L is the likelihood of kaon/pion formed from
the PID information. In BaBar and CLEQO, the PID prob-
ability density function (PDF) is implemented in the like-
lihood to simultaneously extract B yields with kaon or
pion in the final state.

The dominant background for the charmless B—to-
two-pseudoscalar decays comes from the ¢g continuum.
Several event shape variables are chosen to distinguish
spherical BB events from jet-like continuum events. Belle
combines extended Fox-Wolfram moments,including S
for the n’h mode, to form a Fisher discriminant [6]. Then
this discriminant and the cosine of the B decay angle,
with respect to the z axis, are combined to form a like-
lihood ratio. The continuum background is reduced by
applying a cut on this likelihood ratio. Then a AFE fit
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Fig. 1. AF distributions of 77—, K%z, K3x°, K+tn= K+ 7°
and 77 7% modes. The top three are Belle data and the bottom
three are BaBar results. The superimposed curves correspond
to their fit projections
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and a two dimensional M. — AFE fit is performed to ex-
tract B — hh and B — 5} signals, respectively. BaBar
and CLEO build the fisher discriminants using two Leg-
endre polynominals and calorimeter nine cones, respec-
tively. Both experiments then include the discriminant,
along with M;., AE and PID PDFs in the maximum like-
lihood fit to extract B signal yields.

Figure [[] shows the AE distributions of K7 and 7w
events from Belle and BaBar data. References [7,8,/9] show
the BF measurements from Belle, BaBar and CLEO ex-
periments with 78 fb~!, 81 fb=! and 15 fb~! of data, re-
spectively. Except for B® — 7%7% all K7 and 77 decays
are measured, assuming B°B° and BT B~ are equally pro-
duced, with results consistent between each experiment.
No B — KK decays are observed yet. Since the Km
branching fractions are a factor of two to four larger than
that of nw, it is clear that the penguin contribution is
large. It is of interest to check the isospin invariance and
compare the ratio of branching fractions with theoretical
expectations. These ratios of branching fractions (R) are
computed using the averages of experimental results, as-
suming that the experimental errors are uncorrelated.

The averaged BFs in units of 1076 are 18.240.8,12.8+
1.1,20.6+1.4 and 11.5+1.7 for K*7—, K+t7", K%7* and
K970 modes, respectively. At first we compute the K7 BF
ratio of the charged pion to neutral pion,

[BK ) + L B(K7H)) /2[B(K x°) + L B(K 7)),
T+ T+

where 79 = (1.539 £ 0.014) ps and 7y = (1.656 £ 0.014)
ps are the By and B, lifetimes, respectively. The number
obtained for this ratio is 0.8040.08. According to the sum
rules [I0], this ratio is close to one, which disagrees with
the experimental measurement by 2.5 ¢ and may suggest
that isospin symmetry is not valid. The same study is also
applied to the 7w mode using the BF averages B(r 7~ ) =
(4.6 £0.4) x 107°% and B(r*7%) = (5.3 £0.8) x 107, The
7m BF ratio (14 /moB(nt77)/2B(7 7)) is found to be
0.47 £ 0.08, indicating the large isospin asymmetry in the
w7 system. Other ratios of branching fractions can be used
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to constrain the third unitarity triangle ¢3(v) [I1,12]. For
instance, B(r "7~ )/B(KT7~) = 0.25 4 0.02. may suggest
that « is greater than 90° [13,[12]. Two other BF ratios
involving neutral pions are, R. = 2I'(K*+7%)/['(K°7T) =
1.24+0.14 and R,, = ['(K*7~) /2 (K°7%) = 0.79 +£0.12.
QCDF indicates that R, ~ R,,, which disagrees with the
experimental result by 2.40. Although this R, — R,, dis-
crepancy needs to be confirmed with more data, it has
to be understood before using the BF ratios to constrain
¢3. Some authors have suggested that the larger B® —
K979 branching fraction could indicate a large rescatter-
ing phase [14].

Table [ summarizes the Acp results as well as the
averages, where only 9.1 fb~! of data was used in the
CLEO analysis. The 777~ measurements were obtained
in the time-dependent C'P analysis [I5,[16] and the aver-
age was provided by the heavy flavor averaging group [17].
Although no conclusive evidence of direct C'P violation is
seen, both the KT7n~ and 777~ channels have hints of
CP asymmetry with around 2-2.6 o significances. If their
central values persist, we will probably observe direct C' P
violation in the B meson system with 400 fb—! of data by
combining Belle and BaBar results. More data are needed
for the other four modes to reduce the errors. It is inter-
esting to notice that in the K7~ mode, that provides
the largest statistics in the B — K= decays, the central
values of all three experiments are on the negative side.
Different theoretical approaches on factorizations provide
different predictions on Acp(K+7™). For instance, QCD
improved factorization (QCDF) predicts a small but pos-
itive Acp ((5 £ 9)%), while perturbative QCD suggests
that it should be negative ((—12.9 ~ —21.9)%) [20]. As for
the 777~ mode, QCDF gives a small negative asymme-
try ((—6+12)%) but PQCD indicates that Acp on 77~
could be large ((16 ~ 30)%). Therefore, precise measure-
ments in the future can test which theoretical approach is
favored.

It has been suggested that combining the ratio of
branching fractions and Agcp on the K7 modes one can
extract or constrain ¢s/v [18]. Based on lo average of
B - K+tn7)/I'(B* — K%*) and Acp(Kt7n™),
PQCD method is able to extract the ¢3 allowed range,
510 < ¢3 < 90°, by obtaining the ratio of tree to pen-
guin amplitudes and their strong phase difference [20]. A
similar study was performed by Gronau and Rosner [19].
After eliminating the strong phase difference in the K7~
mode, a lower bound ¢3 > 50° was provided. Furthermore,
the decay rate and Acp with 70 in the final state also give
the information on ¢3. An upper 1o bound ¢3 < 80 is ob-
tained using the four K7 decay branching fractions and
Acp(K*+70). In the future, more precise measurements
will be provided by the B factories. If the discrepancies
in the K isospin symmetry remains, one needs to con-
sider physics beyond the standard model and the R— Acp
method to extract ¢3 should be modified.

In the B — n’'h decays, two sub decay channels are
considered to reconstruct 7 and 1’ mesons: n — yy,n —
ata=7% and ' — nrt7~,n" — py. Their branching frac-
tions are given in [2122/23]. In the n’h modes, only the
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Table 1. Summary of C'P violating asymmetry for B — Kn/nm and B — 17('>K/7r decays. The data sample used in the Belle

n’ KT measurement is 43 fb™*
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Mode CLEO (9.1 fb™1) Belle (78 fb™1) BaBar (81 fb™!) Avg.

B - KT7~ | —0.0440.16 +0.02 | —0.07 £0.06 £ 0.01 | —0.10+0.0540.02 | —0.08 & 0.04
B® — rtn~ 0.77 4+ 0.27 + 0.08 0.30 & 0.25 + 0.4 0.49 +0.19
BT - Kt7° | —0.2940.23+0.02 | 0.234+0.11753} —0.0940.094+0.01 | 0.00 +0.07
Bt — ntx® —0.14 +0.2475:0% —0.037918 +£0.02 | —0.07£0.14
BT — K% | 0.1840.2440.02 0.071905+0-01 —0.0540.0840.01 | 0.02+0.06
B - K%#° 0.03+£0.36 £0.09 | 0.03+0.37
BY - /'Kt | 0.034+0.12+0.02 | —0.01+£0.074+0.02 | 0.04+0.054+0.01 | 0.02+0.04
BT — nnt —0.51792% +0.01 —0.5170:29
Bt —» nK* —0.327922 +0.01 | —0.3279%

1’ K decays have been observed with large branching frac-
tions ((6 — 8) x 107%). On the contrary in the nh de-
cays, both B(nK) and B(nr) were measured with roughly
the same rate, while B(nK™*) was obtained with five to
six times larger branching fractions. The experimental re-
sults confirmed the early theoretical prediction [24] that
interference between two penguin diagrams and the known
n/n’ mixing angle enhance B — 'K but reduce B — nK.
The situation is reversed for the n/n'K* due to a parity
flip for the vector K*. It is still a challenge to explain the
large ' K branching fraction. Precise measurements on all
") K®) modes help understand the details of interference
and test a possible singlet contribution.

It’s also interesting to check the isospin symmetry for
the 7’ K channel, which is most precisely measured. Us-
ing the averages B(BT — n/K*) = (78 £ 5) x 1076 and
B(BY — n'K%) = (61 £6) x 10~°, we obtain

7o

T—B( '"KT)/B(nK°) = 1.19 £ 0.13, (2)
+

which is 1.50 away from 1. Investigations of charge asym-
metry on 7' K were made (see Table 1) and no evidence
of direct C'P violation was observed, consistent with the
theoretical expectation based on the penguin dominant
amplitude. A search for Acp on BT — nK*/nrt was
reported by the BaBar collaboration [22]: Acp(nn™) =
—0.51%529 + 0.01 and Acp(nK*) = —0.327522 + 0.01.
Although there is only 2.60 deviation on nrt charge asym-
metry, the large negative central value agrees with theoret-
ical predictions with various factorization approaches [25].
These theoretical calculations in general agree that the
charge asymmetry could be 20% or larger in the nK,nm
and n'r modes. BaBar result disfavors a large positive
Acp(nm). If there are indeed large charge asymmetries
in the B — nK and B — nm decays, direct CP viola-
tion would be observed with 400 fb~! by both Belle and
BaBar.

References

1. K. Abe et al., Belle Collaboration: Phys. Rev. D 66,
071102(R) (2002)

10.
11.
12.
13.
14.
15.
16.

17.
18.

19.
20.
21.
22.
23.

24.
25.

. B. Aubert et al., BaBar Collaboration: Phys. Rev. Lett.
89, 201802 (2002)

A. Abashian et al., Belle collaboration: Nucl. Inst. and
Meth. A 479, 117 (2002)

D. Peterson et al., CLEO Collaboration: Nucl. Inst. and
Meth. A 478, 142 (2002); Y. Kubota et al., CLEO Collab-
oration: Nucl. Inst. and Meth. A 418, 32 (1998)

B. Aubert et al., BaBar Collaboration: Nucl. Inst. and
Meth. A 479, 1 (2002)

K. Abe et al., Belle Collaboration: Phys. Lett. B 511, 309
(2001)

T. Tomura for the Belle Collaboration: hep-ex/0305036
B. Aubert et al., BaBar Collaboration: Phys. Rev. Lett.
91, 021801 (2003); hep-ex/0206053

B. Bornheim et al., CLEO collaboration: Phys. Rev. D 68,
052002 (2003)

M. Gronau and J.L. Rosner: Phys. Rev. D. 59, 113002
(1999); H.J. Lipkin: Phys. Lett. B 445, 403 (1999)

R. Fleisher and T. Mannel: Phys. Rev. D. 57, 2752 (1998)
M. Beneke et al.: Nucl. Phys. B 606, 245-321 (2001)
Xiao-Gang He, Wei-Shu Hou, and Kwei-Chou Yang: Phys.
Rev. Lett. 83, 1100 (1999)

W.-S. Hou and K.-C. Yang: Phys. Rev. Lett. 84, 4806
(2000)

K. Abe et al., Belle Collaboration: Phys. Rev. D. 68,
012001 (2003)

B. Aubert et al., BaBar Collaboration: Phys. Rev. Lett.
89, 281802 (2002)
http://www.slac.stanford.edu/xorg/hfag

Micahel Gronau and Jonathan L. Rosner: Phys. Rev. D
65, 013004 (2002), Erratum-ibid. D 65, 079901 (2002)
Micahel Gronau and Jonathan L. Rosner: Phys. Lett. B
572, 43-49 (2003)

Y.Y. Keum and A.I. Sanda: hep-ph/0306004

H.C. Huang (for the Belle Collaboration): hep-ex/0205062
B. Aubert et al., BaBar Collaboration: hep-ex/0303046,
hep-ex/0107037, and hep-ex/0303039

S.J. Richic et al., CLEO Collaboration: Phys. Rev. Lett.
85, 520 (2000)

H.L. Lipkin: Phys. Lett. B 254, 247 (1991)

S. Barshay, D. Rein, and L.M. Sehgal: Phys. Lett. B 254,
247 (1991); A. Ali, G. Kramer, and C.D. Lu: Phys. Rev. D
59, 014005 (1999); M.-Z. Yang and Y.D. Yang: Nucl. Phys.
B 609, 469 (2001); M. Beneke and M. Neubert: Nucl. Phys.
B 651, 225 (2003)



	References

