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On behalf of the BABAR and Belle collaborations, we report on the measurement of the angle v and on the sum

of angles 23 + v of the Unitarity Triangle.

1. Introduction

The angle v (or ¢3) of the unitarity triangle is re-
lated to the complex phase of the CKM matrix ele-
ment Vi, through Vi, = |Vyple™. Various methods
have been proposed to measure the angle v. We report
on two classes of measurements: time independent
measurements in decays B* — D°/D°K®* exploit the
interference between the b — cis and the b — ués de-
cay amplitudes and are sensitive to the angle ~v; time
dependent asymmetries in decays B® — D®Ex¥F or
B? — D°KY occur through the interference of the
favored amplitude B® — D®)~x+ (BY — D®O0K?0)
and the suppressed amplitude B — D)~z (B® —
D®OK0) plus B B® mixing, and are sensitive to the
sum of angles 23 + ~.

2. Measurement of v in B — D°/D°K#*

The experimental techniques used to measure « in
charged B decays exploit the interference between
B~ — DWOK®~ and B~ — DMOK™)~ (Fig. 1)
that occurs when the D®™)9 and the D™° decay to
common final states.
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Figure 1: Feynman diagrams for B~ — D®9K®)~ and
D®OK ™)~ The latter is CKM and color suppressed with
respect to the former. The CKM-suppression factor is
[V Vs /Veu V| &= 0.4. The naive color-suppression fac-
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Three different methods have been used so far:

e The GLW method [1]: the D° and the D° decay
to a CP eigenstate

e The ADS method [2]: the D° from the favored
b — ¢ amplitude is reconstructed in the doubly-
Cabbibo suppressed final state K7~ , while
the D° from the b — u suppressed amplitude is
reconstructed in the favored final state K 7.
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e The GGSZ (Dalitz) method [3]: the D° and the
D are reconstructed in the same K3+ 7~ three
body final state. This is based on the analysis
of the K3n 7~ Dalitz distribution and can to
some extent be considered as a mixture of the
two previous methods, depending on the posi-
tion in the Dalitz plot.

In all three methods, the experimental observables
depend on two additional parameters which need to
be determined in order to extract useful constraints
on the value of v: the magnitude rg of the ratio of
the amplitudes for the processes B~ — DK~ and
B~ — DK~ (Fig. 1) and the relative strong phase d5
between these two amplitudes. The amplitude ratio
rp and the phase § g are specific of each B decay mode
reconstructed (D°K, D*°K and DYK*).

2.1. The GLW method and results:

The results of the GLW analyses are usually ex-
pressed in terms of the ratios Rcp+ of charge-averaged
partial rates and of the partial-rate charge asymme-
tries Acp+,

[(B™—Dgp K~ )+ T(Bt—=D¢p . KT)

Reps = i (1
T IN(B~—DYK ) + T(B*—DVK )] /2 M)

A B F(quD%Pin) —F(B+—>D%PiK+) @)
T T(B =Dl K ) + T(BY =D K

where CP+ refers to the CP-even final states 777~
and KK~ and CP- refers to the CP-odd final
states K97°, K% and K%w. Rcpy and Acps are
related to the angle v, the amplitude ratio rp and
the strong phase difference dp through the relations
Repyr = 1 + r2B + 2rgcosdpcosy and Acpy =
+2rpsindpsiny/Rep+ [1], thus allowing a determi-
nation of the 3 unknowns (rp, dp and ) up to an
8 fold ambiguity in v. The variation of Rcp and
Acp vs the strong phase dp for rg = 0.10 is shown
in Fig.2 for different values of 7. The asymmetries
for CP+ and CP- states have opposite signs, while
the Bf ratios are approximately symmetric respective
to 1. The GLW method is theoretically clean, with
nearly no hadronic uncertainty. However, it is exper-
imentally challenging, as the effective branching ra-
tio for the decay modes reconstructed is of the or-
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Table I Summary of BABAR and Belle measurements of the GLW observables Rcp and Acp.

Mode Experiment N(BE) [106] Acp+ Acp_ Repy Rcp_
B — D°K BABAR[4] 232 +0.35 £ 0.13 + 0.04|—0.06 + 0.13 +0.04 {0.90 £ 0.12 + 0.04|0.86 = 0.10 £ 0.05
Belle [5] 275 +0.06 + 0.14 £ 0.05|—0.12 = 0.14 £ 0.05|1.13 £ 0.16 + 0.08 |1.17 £ 0.14 + 0.14
HFAG Average [8] - +0.22 £ 0.10 —0.09 +£0.10 0.90 £0.10 0.94 £0.10
B — DK BABAR[6) 123 —~0.10 +0.2375:93 - 1.06 + 0267539 -
Belle [5] 275 —0.20 £0.22 £ 0.04|+0.13 £0.30 £ 0.08|1.41 +0.25 £ 0.06|1.15 + 0.31 £ 0.12
HFAG Average [8] - —0.154+0.16 +0.13 £ 0.31 1.25+0.19 1.154+0.33
B — DK™ BABAR|[T] 232 —0.08 £0.19 £ 0.08{—0.26 £ 0.40 £ 0.12|1.96 4+ 0.40 £ 0.11]0.65 4 0.26 4= 0.08
Belle - - - -
HFAG Average [8] - —0.08 £0.21 —0.26 +0.42 1.96 + 0.41 0.65 £ 0.27
der of 107%. Both BABAR and Belle reconstruct the N T
CP-even and CP-odd modes listed above and have 8
published recently final results using statistical sam- g 40
ples larger than 200 million BB events. The corre- S
sponding numbers of reconstructed events are about i 20l
100 CP+ and 100 CP- events in each experiment for §
the B~ — DK~ modes, and even less for the modes w
B~ — D*OK~ and B~ — DYK*~, which have a lower 0

reconstruction efficiency. The AFE distribution of CP+
and CP— events in the BABAR B~ — DK~ analy-
sis is shown in Fig.3. The different BABAR and Belle
B~ — D®OK ()~ analysis are described in detail in
references [4-7] and their results are summarized in
Table I. Due to the limited statistics and to the small-
ness of the rp parameter, the GLW method alone is
not yet able to provide strong constraints on . For
the B~ — D K~ decay channel, 30 significant dif-
ferences between B~ and BT data seem to be within
reach in the near future, when ~ lab~! of data will
have been collected in each experiment.
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Figure 2: The variation of Rcp (left) and Acp (right) vs
the strong phase dp for rg = 0.10 and v = 30°, 60° and
90°. Red is for CP+ modes and blue for CP— modes.

2.2. ADS Results:

In the Atwood-Dunietz-Soni (ADS) method, in-
stead of using CP eigenstate decays of the DO, the
decays D° — Kt 7= and D° — Kt 7~ are used.
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Figure 3: Distributions of AE for events enhanced in
B—D°K signal at BABAR. Top: Bf—>DOCP+K7; bottom:
B~ —D2p_ K~. Solid curves represent projections of the
maximum likelihood fit; dashed, dashed-dotted and dotted
curves represent the B—D°K, B—D%r and background
contributions.

The overall effective branching ratio for the final
state B~ — [KT7n |po K~ is expected to be small
(~ 1077), but the two interfering diagrams are of
the same order of magnitude and large asymmetries
are therefore expected. The favored decay mode
B~ — [K~7t]po K~ is used to normalize the mea-
surement, and cancel many experimental systematics.
The main experimental observable are the ratio Rapg
of the suppressed to favored modes and the B~/ BT
asymmetry:

BK 7| po k™) + B(K 7] po k)

RADS = B([K_’]T-’_]DUK_)+B([K+7T_]DOK+)
= 1% +2rprgcosycos(dp +0p) + 1% (3)
B(K*n~]poK~) = B(K nt]po K*)
Aaps =

B([K*m~|poK—) + B([K—nt]po KT)
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Table II Summary of BABAR and Belle ADS measurements.

Mode Experiment | N(BB) [10°) Raps Raps B rB
90% C.L.limit 90% C.L.limit
B — D°K | BABAR[10) 232 0.01379:006 < 0.029 rp <0.23
Belle [12] 386 0.000 £0.008 £0.001| < 0.0139 rp < 0.18
B — D{0,0,K | BABAR[10] 232 —0.00219 900 < 0.023 r < (0.16)*
B— D} K 0.01179 015 < 0.045
B — D°K* | BABAR[1]] 232 0.046 + 0.031 + 0.08 rp = 0.280-000
= 2rprpsinysin(dp + 0p)/Raps, (4) 151 ]
where 15 = |A(B~ — D'K~)/A(B~ — D'K™)| e i 1
and rp = |A(D° — K+a)/A(D" — K—nt)| = 2 10 1
0.060£0.003[9] are the suppressed to favored B and D %‘) - 1
amplitude ratios, and g and dp are the strong phase = i
differences between the two B and D decay ampli- g 5 -
tudes, respectively. As it can be seen from Eq. 3, L + {
Raps is highly sensitive to T’QB. Using a sample of - + H% +
232 x 10 BB events, BABAR reconstructs Sfé events ol o TPTEL g i
in the B~ — D° [KT 7= ] K~ channel, —0.21'5:?7’ 020 040 Aé)'(%c;)ev) 010 020
events in the B~ — D* [KT 7~ | K~ channel (D*°
— DO 79), 1.2%27 events in the B~ — D*0 [K+ 7~ 005
] K= channel (D*© — DY ), and 4.2 & 2.8 events L L[]0 <g<180°00
in the B~ — DY [K+ 7= ]| K*~ channel [10, 11]. 00T E
From 386 x 10° BB events, Belle reconstructs 0.0fg:g 0.06
events in the B~ — D° [KT 7~ ] K~ channel [12]. 005 |
None of these results are statistically significant and 004 |
for the D°K and D*9K channels limits on R4pg and 003 BABAR (90% CAONMNNNNNNNNY
rp are extracted. The Belle result for B~ — D% K~ 002
is illustrated in Fig.4. The least restrictive limit is 001k
obtained allowing +1¢ variation on rp and assum- k e
ing maximal interference (y = 0°, dp + dp = 180° or 0 005 01 015 02 025 03 035 04
BABAR Dalitz analysis ) g

~v=180°, 6 +dp = 0°) and is found to be rg < 0.18
at 90%C.L.. For the BABAR B~ — D° [K*T 7~ |K*~
result, a frequentist approach has been used to com-
bine the results from the GLW and ADS methods,
resulting in 75 = 0.28700% and excluding the interval
75° < v < 105° at the two standard deviation level.
A summary of the BABAR and Belle ADS results can
be found in Table II, and more details on the analy-
sis in Ref.[10-12]. Similar to the GLW analysis, more
statistics are needed to constraint + from the ADS
method.

2.3. The K? n+ =~ Dalitz (GGSZ)
Analysis:

A third method to constraint v from B~ — D% K~
decays is to use three body final states common to
D° and D, as suggested in Ref.[3]. Among the pos-
sible D° 3-body decay modes the K9 7 7~ channel
appears to have the largest sensitivity to v, because
of the best overall combination of branching ratio
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Belle Dalitz analysis

Figure 4: (Top) Belle AFE fit results for B~ — DgyupK ™.
(Bottom) Belle constraint on 7g from Rpx.

magnitude, D°-D interference and background level.
Defining the Dalitz plot amplitude of the decay D° —
K? 7t = as Ap(m%,m?2), where m% = m?(K2r )
and m2 = m?(K2n), the Dalitz plot density of the
D% in B* — DY K#* decays can be written as

do(mZ,

+2rgRe[Ap (mi, mi)A*D (m3, mi)ei(‘;B ?V)]. (5)

mi) = [Ap(m%, m2)? + rp|Ap(mi, m%)P?

Information on the weak phase -y, the strong phase dif-
ference 5 and the ratio rg of the two B*¥ — D? K+
decay amplitudes can be obtained from simultaneous
fit of the Daliz plot density of B~ and BT data if
the Dalitz decay amplitude A D(mi, m3) is precisely
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Figure 5: Results of signal fits in the (z,y) plane for (a) BT — DK™, (b) Bt — D*K™* and (c) Bt — DK*t samples,
separately for B~ and BT data. Top: Belle 1, 2 and 30 confidence contours. Blue is B™, red is BT. Bottom: BABAR
lo(dark) and 20 (light) confidence contours. Solid is B~, dashed is B*.

Table III Summary of BaBar and Belle measurements of the Dalitz analysis (GGSZ) observables z+ and y+.

Mode Experiment | N(BB) |z_ (1072%) y— (1072) x4 (1072) v+ (1072)
B — D°K | BABAR[13] |227x10°|+8+7+3+2 |+6+9+4+4 |—-13£7+£3+3 [+2£8+£2+2
Belle [15]  |386x10%|+37% +1 +17H9, £ 2 —14+7+2 -9+94+1
HFAG Avg. [8]] - |[+5+542 +11+7+2 ~144+543 —34+642
B — D*°K| BABAR[13] [227x10%|-134+94+3+2 |-14+114+24+3 |[+14+9+3+3 |[+1+12+4+6
Belle [15]  |386x10°|—13"1T +2 —34T17 +3 +3+124+1 +1+144+1
HFAG Avg. [8]] - |-13+8+2 —20+9+3 410+ 743 +14+946
B — D°K*| BABAR[14] [227x10°|-204+20+11+3|4+264+30+16+3|-7+23+134+3|-14+32+18+5
Belle [15]  |386x10°|—7872% +3 —28731 £5 —11rE+1 0+16+1
HFAG Ave. [8]|] - |-46+17+3 +54+27+3 ~10+15+3 |[0+15+5

known. Both BABAR and Belle extract Ap(m3,m3)
by fitting high purity tagged D** — D° 7+ D% — K?
7T 7~ samples using an Isobar Model [Coherent sum
of 16 (15) Breit-Wigner amplitudes for BABAR|(Belle),
plus a non-resonant component] to model the D° de-
cay amplitude. The Dalitz regions corresponding to
the Doubly-Cabibbo suppressed decays D — K**
(892)7~ and D — K** (1430)7~ ["ADS like”] and
to the CP-odd decays D° — K9 p° decays [?GLW”
like] are found to have the largest sensitivity to ~.
Both BABAR and Belle introduce the cartesian coordi-
nates z+ = Re(rpe’®s3®7)) and yi = Im(rpe’¥3%7)
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to fit their data. A total of 12 parameters (3 x 4)
is extracted by each experiment from the Dalitz plot
density fit of the D° in B* — D% K+ B+ — D*0
K* and B* — D° K** data.

Using a sample of 227x10% BB events, BABAR re-
constructs 282 4 20 events in the B — DK channel,
90 + 11 (44 £ 8) in the B — D*YK, D*® — D0
(D*® — D%y) channel and 42 4 8 events in the
B — D°K* channel. Belle reconstructs 331 4 17
DK, 81+38 DFB%D]K and 54 + 8 DY K* events out

of 357fb~! of data (~ 386 x 105 BB events). The
results of the fits of the (x4, yy) parameters from
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Figure 6: BABAR analysis: two-dimensional projections onto the (a) rg — v, (b) r5 — 7, and (¢) krs — v planes of the
seven-dimensional one- (dark) and two- (light) standard deviation regions, for the combination of B~ — D®°K~ and

B~ — D°K*~ modes.
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Figure 7: Belle analysis: two-dimensional projections onto
the (rg — v/¢3) plane (left) and the (6 — v/¢3) plane
(right) for the (a,b) B~ — D° K~, (c,d) B~ — D** K~
and (e,f) B~ — D" K*~ modes. Contours indicate 1, 2
and 3o confidence regions.

BABAR and Belle for the different B decay channels
are shown in Fig.5 and summarized in Table III. A
significant separation between the B* and the B~
data, indicative of direct CP violation, is visible in
the DK and D*°K data. Both experiments use a fre-
quentist analysis to interpret the constraints on (z4,
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y4) in terms of the physical parameters (rp, dp and
7). From the combination of the different B decay
channels, the two-dimensional constraints obtained by
BABAR in the (rp, ) plane for DK, D*K and DK*
are shown in Fig.6. The value of 7 is constrained
by BABAR to be 67° 4+ 28° + 13° + 11°, where the
first error is statistical, the second one is the exper-
imental systematic uncertainty and third reflects the
Dalitz model uncertainty. The values found by BABAR
for rg are rg = 0.12 £+ 0.08 £ 0.03 &+ 0.04 for the
B~ — DK™ mode, rg =0.174+0.10£0.03 £ 0.03 for
the B~ — D*K~ mode and rg < 0.50(0.75) at one
(two) standard deviation level for the B~ — DK*~
mode. The equivalent constraints from Belle on the
(rg, ) and (dp, ) planes are shown in Fig.7. Belle

reports /g3 = 53° t}gﬁ + 3° £ 9° and finds for
the ratio rp of the two interfering amplitudes rp =

0.15970:95% +0.012 4 0.049 for the B~ — DK~ mode,
rp = 0.17570098 +£0.013 4 0.049 for the B~ — D*K~
mode and rp = 0.564153L8 4+ 0.041 £ 0.084 for the

B~ — DK*~ mode. More details on the analysis are
given in Ref.[13-15].

3. sin(283 + «) measurements

Time-dependent asymmetries in B® — D®r,
D®p and B® — D®OIK? can be used to con-
strain sin(28 + v)[16]. As 8 is well known from
b — ces, a constraint on the angle ~ follows. The
B — D™z method uses an interference between the
usual Cabibbo-favored b — ¢ channel and the doubly-
Cabibbo suppressed b — w channel (Fig.8). These
two amplitudes have a relative weak phase of v, and
a weak phase of 23 is provided by the B°B° mixing.
These modes have the advantage of a ”large” (~ 0.5%)
branching fraction but the price to pay is the small ra-
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tio r of the suppressed to favored amplitudes,

A(B® — D" +p~
A(BY — DM+~

7‘:’ ’oc)\Q(N 0.02).

This results in very small CP-asymmetries. Moreover,
the ratio 7 cannot be measured directly, but has to be
estimated from the measurement of B(B® — D7),
assuming SU(3) flavor symmetry.

wt u
b c _ u
B() d—4 D*— B() J—(i 7r+

Figure 8: Feynman diagrams for the Cabibbo-favored de-
cay B — D*~x* (left) and the Cabibbo-suppressed de-
cay B® — D*~ 7T (right). The CKM-suppression factor is

[VeaVie / Ve V| o< A24/p% +n2 ~ 0.02.

The experimental observables are the coeflicients
S* and C of the sin(AmAt) and cos(AmAt) terms
in the time dependent asymmetries of B°(B%) —
DWELF (or DH)*pTF). For small values of 7, the pa-
rameter S is given by S* ~ 2rsin(28+~v+4), where
0 is the strong phase difference between the b — u and
b — ¢ decay amplitudes.

Potential competing CP violating effects can arise
from b — w transitions on the tag side if a Kaon is used
to tag the flavor of the other BY in the event, resulting
in an additional sin term S'* = 27/sin(28 + v £ §').
Here, 7’ (¢') are the effective amplitude (phase) used
to parameterize the tag side interference. To account
for this term, BABAR chooses to rewrite ST as ST =
(atec)+b, where a = 2rsin(28+7) cos(d), ¢ = cos(28+
~¥)[2r sin(d)+27" sin(6”)] and b = 21’ sin(264y) cos(d’).
This parametrization has the advantage that the a
parameter does not depend on the tagging category.
On the other hand, the ¢ parameter can only be es-
timated with lepton-tagged events, for which one has
c = clPt = cos(2B + v)[2rsin(d)]. The b parameter
characterizes CP violation on the tag side and does
not contribute to the interpretation. In the approach
chosen by BABAR, the a and c!°P* parameters are fit-
ted. Belle, on the contrary, chooses to fit the ST pa-
rameters but measures tag-side CPV parameters S’*
using a sample of D*ly; events, which can have only
tag-side CP-violation.

BABAR and Belle use two experimental methods
for reconstructing B°(B°) — D™z and D™p de-
cays. They perform either exclusive reconstruction,
where the hadronic decay modes with D — K7,
K—7rt7% and K—ntr— 7t are fully reconstructed, or
partial reconstruction of D**7F, where only the slow
m, and not the D° from D* — DO, is reconstructed.
Using only the slow pion provides sufficient kinematic
constraints to reconstruct this decay. The fully exclu-
sive method has a very high signal purity [typically
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larger than 90%] but a lower efficiency. The semi-
inclusive method has efficiencies 5 times larger but
the purity is only ~ 30% [~ 50%] for Kaon [Lepton]
tags.

BABAR has published results based on a statistics
of 232 x 105 BB events [17]. From 18710 D**7F
events tagged with a lepton (purity 54%), and 70580
D**7F events tagged with a kaon (purity 31%) the
parameters related to 20 4 v are measured to be

ap«r = 2rsin(23 + ) cosd
= —0.034£0.014 +0.009

and

clgf; = 2rcos(28 +)sind
= —0.019+0.022 + 0.013,

where the first error is statistical and the second is sys-
tematic. This is the world most precise measurement
of CP-violating parameters in B — D) x decays to
date. BABAR has also published results based on a
statistics of 232 x 106 BB events for the fully exclu-
sive analysis of B — Dm, D*r and Dp [18]. From
a time-dependent maximum likelihood fit to a sample
of 15038 D*7F events (purity 87%), 14002 D**7F
events (purity 87%), and 8736 D*pT events (purity
82%), the parameters related to the CP violation an-
gle 23 + vy are measured to be:

apr = —0.010 4 0.023 + 0.007,
AP = —0.033 + 0.042 4 0.012,
ap-x = —0.040 + 0.023 + 0.010,

APt = 10.049 + 0.042 + 0.015,

ap, = —0.024 + 0.031 = 0.009,
CEPY = —0.098 4 0.055 £ 0.018,

where the first error is statistical and the second
is systematic. These results are combined with
the result obtained on the partially reconstructed

oo O S S
0.1 02 03 04 05 0.6 0.7 08 09 1
Isin(2B+y)|

Figure 9: Frequentist confidence level as a function of
|sin(2847)|, obtained when combining the BABAR results
on exclusive decays with the result obtained on partially
reconstructed B—D** 7 decays [17]. The horizontal lines
show the 68% (top) and 90% C.L. (bottom).
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B—D**7¥F sample, using a frequentist method de-
scribed in Ref. [17] to set a constraint on 25+. Based
on the results from Refs.[19, 20], the values of the
amplitude ratios rp«x, rpr and rp, used to set this
constraint are:

rper = 0.0157350% 4 0.005(theory),
rpr = 0.019 £ 0.004 £ 0.006(theory),
7pp = 0.003 = 0.006 = 0.001(theory)

The confidence level as a function of [sin(28 +7)|
is shown in Fig. 9 and BABAR sets the lower limits
|sin(2647)| >0.64 (0.40) at 68% (90%) C.L.

For the 2006 winter conferences, Belle has released
a new result based on an integrated luminosity of
357fb~1, corresponding to approximately 386 x 106
BB events [21]. The CP violation parameters used in
the Belle analysis are

2(—1)LT sin(2¢1 + (253 + 5)
(1+72) ’

5% = (6)
where L is the orbital angular momentum of the fi-
nal state (1 for D*m and 0 for Dn), and ¢ is the
strong phase difference of the V. and V,;, ampli-
tudes. The values of r and ¢ depend on the choice
of the final states, and are denoted with subscripts
D*m and D7 in what follows. It should be noted that
the definition of the S* parameter used by BABAR
and Belle differ by a factor (—1)L. With the par-
tial reconstruction method, 21741 D*m events tagged
by a lepton from the opposite B decay are recon-
structed, and the purity is 66%. With the fully exclu-
sive reconstruction, 31491 D*r events (purity 89%)
and 31725 Dr events (purity 83%) are reconstructed
(all tags). The final results expressed in terms of ST
and S~, which are related to the CKM angles /¢
and ~/¢s, the ratio of suppressed to favoured ampli-
tudes, and the strong phase difference between them,
as ST = —rpeqsin(26 + v £ 6p+x)/ (L4 1%.,) for
D*m and S* = +rp,sin(2¢1 + ¢3 + 5pr)/ (1 + TQDﬂ_)
for D, are

ST(D*r) = 0.049 + 0.020 & 0.011,
S™(D*r) = 0.031+0.019 + 0.011,
ST(Dr) = 0.031+0.030+0.012,
S~(D7) = 0.068 = 0.029 + 0.012,

where the first errors are statistical and the second er-
rors are systematic. These results are shown in Fig. 10
in terms of 10, 20 and 3 ¢ allowed regions in the S~
versus ST space. They are an indication of CP viola-
tion in B® — D*~7t and B® — D~ rt decays at the
2.50 and 2.2 o levels, respectively.

Using published BABAR and Belle measurements of
B(B° — Dg*)ﬂr*) plus some theoretical assumptions
based on SU(3) symmetry, the Belle collaboration es-
timates the values of the amplitude ratios rp«, and
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Figure 10: Results of the ST measurements expressed in
terms of S~ vs St for the D*r (left) and Dn (right)
modes. Shaded regions indicate allowed regions with 1o,
20 and 30 uncertainties defined by v—2InL = 1, 4, 9,
respectively

Tpr to be

rp+r = 0.020 £ 0.007 & 0.006(theory),
rpr = 0.021+0.004 £+ 0.006(theory)

Using these values, they obtain 68% (95%) confidence
level lower limits on |sin(28 + )| of 0.44 (0.13) and
0.52 (0.07) from the D*w and D7 modes, respectively.

In order to compare and average the BABAR and
Belle results, the HFAG group [8] has converted the
Belle results to express them in terms of the parame-
ters a and ¢ used in the BABAR experiment. A com-
parison of these results, together with the correspond-
ing averages, is shown in Fig.11. Individual measure-
ments of a with a statistical significance better than
30 should be within reach before the end of the B-
factory era.

4. B(B® — DW+x-)

BABAR has recently submitted for publication a
new measurement of the B® — Dg*HW’ and B —
Dg*HK ~ branching fractions, based on a data sample
of 230 x 105 BB events [23]. As explained in the pre-
vious section, the decay B® — Dg*HW’ is interesting
because it can be used to estimate the suppressed to

favored amplitude ratios r ), in the 23 4+~ analysis
of the B® — D™+ 7~ channel [16]:

(7)

D) r = tan oc

fD(*) B(BO — Dg*Hw_)
fD(*) B(B% — D(*)77T+) ’

where 6. is the Cabibbo angle, and fD<*)/fD(*) is the

ratio of D) and D{" meson decay constants [22].
Other SU(3)-breaking effects are believed to affect
T, by less than 30%.
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Figure 11: Comparison of BABAR and Belle sin(23 + ) results and HFAG averages for the different channels [8].

From the number of signal events observed, BABAR
computes the following branching fractions:

B(B® - Dfn7) = (1.3+0.3+0.2) x107°

BB - Di*r7) = (2840.6+0.5) x 107°
B(B' - DfK™) = (254+04+04) x107°
B(B' = D:*K™) = (204+0.5+0.4) x 107°

Assuming SU(3) relation, Eq. (7), the following values
of the amplitude ratio r are determined:

rpx = (1.3 £0.2(stat) & 0.1(syst)) x 102
rper = (1.9 £0.2(stat) £ 0.2(syst)) x 1072

This implies small CP asymmetries in B—D®)¥ 7
decays.

+

5. Search for B — D% ag .,

It was recently suggested to use the decays BY —
D(*H‘aa&) for measuring sin(25 + ) [24]. These de-
cay can proceed through the two diagrams shown in
Fig.12 and it is expected that the V;, amplitude is sig-
nificantly suppressed respective to the V,; amplitude,
giving significant CP-asymmetries.

The V,,-mediated part of the BY — D(*)Jrag(z)

cay amplitude can be related to B® — D{* )+a0(2)

de-

using tan (Ocabibbo) = |Ved/Ves| and the ratio of the
decay constants fD(*)/ fpe . Branching fractions of

BY — Dg*)+a5 are predicted to be in the range 1.3—
1.8 (2.1-2.9) in units of 1075 [26]. Branching frac-

() +

tion estimates for B — Dg”"ag of approximately
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8 x 107° are obtained using SU(3) symmetry from
the predictions made for B — D™ *qy in [25].

BABAR finds no evidence for these decays and set
upper limits at 90% C.L. on the branching frac-
tions [27]: B(B® — Dfag) < 1.9 x 107°, B(B* —
Ditag) <3.6x107° l’:v’(BO—>DJr )<19><10 4
and B(B? — D*+a2) < 2.0 x 107*. These upper
limits suggest that the branching ratios of B® —
D(*Haa@) are too small for C' P-asymmetry measure-

ments given the present statistics of the B-factories.

U gt ¢ p+
N dao(z) § JD
w :é w Aé
b RN u
B, dD B°, FRC)
C D‘g*)Jr
W s
07 U _
B, g 20@

Figure 12: Top diagrams: tree dlagrams contributing to
the decay amplitude of B® — D®) 0(2) (including the

B°B° mixing mediated part of the amplitude). Bottom
diagram: tree diagram representing the decay amplitude

0 (* )+ -
of B — Dy g(a)-
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6. Study of B® — D®)0 ()0

The decay modes B® — D®OKO offer a new ap-
proach for the determination of sin(23 + «) from the
measurement of time-dependent CP asymmetries in
these decays. The CP asymmetry appears as a result
of the interference between two diagrams leading to
the same final state D®)OK? (Figure 13). A B° me-
son can either decay via a b — ¢ quark transition to
the D*OK? (K° — KY) final state, or oscillate into
a BY which then decays via a b — @ transition to the
DHOKO (K9 — KY) final state. The B°B° oscilla-
tion provides the weak phase 25 and the relative weak
phase between the two decay diagrams is 7.

b Ve c b Vi u
B DX)o Do
- 4 W vaxT©
S S
K(®)0 K ()0
d d d d

Figure 13: The decay diagrams for the b — c transition
B® — D™OKY and the b — u transition B® — D™OKO,

The sensitivity of this method depends on the
rates for these decays and the ratio rg) of the de-
cay amplitudes, r}) = |A(B® — D®OKY)/A(B® —
D®OK%)|.  1In the Standard Model rg) = f-
[Vio VI | Ve Vi | = f-0.4, where the factor f accounts
for the difference in the strong interaction dynam-
ics between the b — ¢ and b — wu processes. There
are no theoretical calculations or experimental con-
straints on f. A direct determination of rg) from the
measured rates for B — D®OK? (K° — K9) de-
cays is not possible, because one cannot distinguish
between B® — D®OKO and B® — D®OKO  How-
ever, insight into the B decay dynamics affecting rg)
can be gained by measuring a similar amplitude ratio
i = |A(BY — D°K*9)/A(B° — D°K*%)| using the
self-tagging decay K* — K7™,

BABAR has recently submitted for publication a
new measurement of the B — D®OK0 B0 —
DYK* and B® — DYK*0 branching fractions, based
on a data sample of 226 x 105 BB events [28].
Defining B(B® — D*°K°) = (B(B° — D*°K°) +
B(B° — D*°K?))/2 and B(B° — D°K°) = (B(B° —
DK?) + B(B® — D°K?"))/2, the results of this mea-
surement are:

= (53+£0.740.3) x 1075
= (36+1.2+0.3) x107°
= (4.0£0.7+0.3) x 1077
< 1.1x107% at 90% C.L.

fpcp06_142

This measurement is in good agreement with previ-
ous results from Belle [29]. From the absence of signal
for the Vi, mediated mode B° — DYK*0, the limit
7B < 0.40 at 90% C.L. is obtained. The present sig-
nal yields combined with this limit on 7 suggest that
a substantially larger data sample is needed for a com-
petitive time-dependent measurement of sin(23 + =)
in B — DHOKO decays.

7. Conclusion

Although the angle /¢35 is the most difficult to
measure of the Unitarity Triangle angles at the B-
factories, very promising progress has been made in
constraining it over the past few years. With the in-
crease of statistics expected between now and 2008,
and because these measurements are theoretically
clean, both v and sin(28 4 «) will progress toward
becoming precision measurements before the end of
the decade.
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