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1. Introduction

In the Standard Model CP violation is described by the presence of an irreducible phase in
the Cabibbo-Kobayashi-Maskawa (CKM) quark-flavour-mixing matrix. The unitarity of the CKM
matrix implies several relations among its elements. In particular, the relation V,, Vud 4V Ved +
VipVid = 0 represents a triangle in the complex plane whose sides and angles can be determined
by B meson related measurements. One of the main goal of the B-factories was to over-constrain
the triangle improving the precision of all measurements. The angle V is still one of the crucial
measurements to be improved.

2. Why and how to measure y from B — DK decays

The particularity of the angle y = arg (—Y,ﬂ”ﬁ) is that it can be measured using only tree-level

decays, like B~ — DYK~, and thus it becomes a reference measurement crucial for constraining
physics beyond the Standard Model, when compared with other measurements.

The CKM angle y in B — DK decays is obtained by exploiting the interference between the
favored B~ — DK~ and the suppressed B~ — DK~ amplitudes decays once the D and the D°
is reconstructed in the same final state. The interference is proportional to rgcos(dg — y) for the
B~ meson and rgcos(dg + ) for its CP conjugate state. The relevant parameter that gives the

sensitivity to Y is rp, defined as the ratio between the suppressed and favoured decay amplitudes,

__ |A(B=DK)|
'8 = |A(B=DK)|
strong phase (CP-even) and y the weak phase (CP-odd). Hence, the observables are constructed

. Tts value is ~ 0.1(~ 0.3) for charged (self-tagging neutral) B decays. Jg is the

using the rates of the B decay and its CP-conjugate. The parameters rg and dg are also determined
and thus the measurement is free from theoretical inputs.

All the measurements to date are statistically limited since the total branching fraction is of
order 107°-10"7. Therefore, several final states are considered like, KTK~, m"m (CP eigen-
states), K77 (Doubly Cabibbo-suppressed decays), multi-body final states (D? — Kgn”r mand D° —
KgK*K_). Finally, they are combined to improve the overall sensitivity to Y.

3. Constraintson y from charged B — DK decays

Three methods with different D decay final states are used to measure y. The first was
proposed by Gronau, London and Wyler (GLW) [[l]], and uses CP-eigenstates, such as KTK~,

m - (CP-even) or Kgno, ng (CP-odd). The quantities to measure to extract y are the dou-
. 2[M (B~ —DZp K™)+T (Bt —=D2y, K]
ble ratios, Reps = F(B*—>(g0iK*)+F(B+—>DOC£f)
_ T(B"—=D%,, K")-T(B*—DZ, K*) . .
Acps = (B~ —Dgp, K™ )+T (B¥ —=Dgp. K¥) +2rgsin dgsiny/Rep.:.
Combining these observables we obtain determinations of rg = (Reps + Repr — 2)/2, and

X+ = (Rep+(1 FAcp+) — Rep— (1 FAcp-))/4 = rgcos(dg + y¥). With the actual statistics this
method does not constraint ¥ but when rg and X4 are combined with the Dalitz method (described

=1+ r% =+ 2rgcos dgcos y and the asymmetries,

later) it improves the overall precision by a few degrees.
An alternative method was proposed by Atwood, Dunietz and Soni (ADS) [[]l, which uses
Cabibbo-favoured D? — K~ 1" and doubly-Cabibbo-suppressed D? — K~ 711" decays. The favoured
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Parameter B — DK B — D*K B — DK*
X_, X, X 0.090+0.043+0.015+0.011 | —0.111£0.069 £ 0.014 £ 0.004 0.115+0.138+£0.039+0.014
Yo, VL Vs 0.053 £0.056£0.007+0.015 | —0.051+0.080£0.009 £0.010 0.226 +0.142 +0.058 £0.011
Xy, X, Xsy | —0.067+£0.043£0.01440.011 0.137+0.068 £0.014+£0.005 | —0.113+0.107+£0.028 £0.018
Vi, Yo, ¥Ysr | —0.015£0.0550.006 £ 0.008 0.080+0.102+0.010+0.012 0.125+0.139+0.051 +0.010

Table 1: CP-violating parameters X+ and Y. The first error is statistical, the second is experimental system-
atic uncertainty and the third is the systematic uncertainty associated with the Dalitz model.

amplitude corresponds to the Cabbibo-suppressed B decay, and vice versa. Therefore, the interfer-
ing amplitudes are of the same order of magnitude and sizable CP asymmetries are expected. The
observables to measure in this method are the fraction of the suppressed to the allowed branch-

. . T — + - + - +
ing ratios Raps = FES,HB{E,QE%EE;HB{L’QE& =r3+r3+2rgrpcosycos(ds + dp), and the

. T — + ) — +~> - + . .
direct CP asymmetry Aaps = Egg,_&@gﬁ,;ig;_&ﬁ,n’ﬂ@; = 2rgrpsinysin(ds + dp)/Raps.

This method is mainly sensitive to I'g.

The third method uses the Dalitz plot analysis of the D decay into 3-body final states [Bl. To
date, it is the only method that provides a measurement of y using a single D decay final state. The
input for this method is the amplitude of the D® decay, Ap=, which is determined from a sample of
D*+ — DO7rt, where the charge of the soft 7Ttags the D° flavour. The B decay rate can therefore be
written as: (M2, m2) O |Apz|* + rg?[Aps|? +2A [X¢D {Ap=AD, } +y¢D{AD¢A,’5i}} , where
we introduce the CP parameters X, = rgcos(d F ) and y+ = rgsin(d F y), with X2 +y+2 = rg2.
The B* and B~ Dalitz plots are fitted separately and the Cartesian coordinates, X¢ and Y., are
obtained. The observables introduced for the three methods apply also to D*? and DK *.

3.1 Dalitz plot method results

The most recent measurement of y using the Dalitz method by BABAR uses 383M BB pairs
[H]. The 7 reconstructed B channels are D'K, D*°K (D*0 — D%y and D°7®) and DYK*, with signal
yields 600(112), 133(32), 129 (21), 118, for D® — KZm"m(D® — KZKTK™) respectively. The
DO amplitude was determined as explained above. The results for X and y. (DK ™), X and
Y. (D*K), Xs and ys (D°K*) are shown in Table [l. These results are consistent and have similar
precision to those obtained by Belle [f].

Using a frequentist analysis, X+ and Y. are interpreted in terms of the weak phase Y, the
ratios I, I, I's (equivalent to the parameter g but modified due to the finite width of the K*~
resonance) and the strong phases, dg, 05, Os, giving y(mod180°) = (76 £22 £5+5)°, where
the first error is statistical, the second is the experimental uncertainty and the third reflects the
uncertainty on the D decay Dalitz models. For the amplitude ratios, we obtain: rg = (8.6 +3.5)%,
rg* = (13.5£5.1)%, rs = (16.3738,)%, g(mod180°) = (10973%)° , &% (mod180°) = (—63738)°",
and &(mod180°) = (104743)". The 10 and 20 confidence intervals for y are shown in Fig.l A
30 evidence of direct CP violation in B — DK decays is found combining all the channels.

3.2 GLW results

The most recent update of GLW method analyzes the KK, " 11, K{7° and K¢ D° decay
modes, using 382M BB pairs. The B meson is reconstructed in DK [fj] and also in D*°K(D* —
D% and D) [[] final states, with signal yields 474, 168 and 261, respectively, from which
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B decay Rep+ Acpi Rep— Acp-
DK 1.06+0.10+0.05 0.27£0.09 £0.04 1.03£0.10£0.05 | —0.09+0.09 £0.02
D*K 1.31£0.13+£0.04 | —0.11£0.09+£0.01 | 1.10+0.124+0.04 0.06 +£0.10£0.02

Table 2: Results of the GLW analysis for DK and D*°K channels.

we determine the Rep+ and Acp+ observables. The results are summarized in Table . As men-
tioned before, these results can be expressed in terms of the parameters used in the Dalitz analysis:
X, = —0.09+0.0540.02 and x_ = 0.1040.05 £ 0.03 for D°K and X} =0.09£0.07+0.02 and
X = —0.0240.06 4 0.02 for D*°K. These results are consistent with the Dalitz measurements by
BABAR [H] and Belle [f]] and have similar precision, see Fig.[. The 1-CL as a function of y for the
combination of the Dalitz method and the GLW method for each decay chain and for all the modes
combined can be seen in Fig.[.
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Figure 1: The left-most plot shows the 1-CL as a function of y for the combination of the Dalitz and GLW
methods, for all the channels separately and for its combination. The two right-most plots show the results
for x4 for the BABAR GLW and Dalitz analyses and for the Belle Dalitz analysis.

3.3 ADSresault

BABAR has performed a new analysis of the B— D*)K ~ decays using the ADS method,using
the full dataset consisting of 467M BB pairs. The final state particles for the DK~ and the
D**K~ modes are [K* 7" ]K~ and ([K* 7 |n®)K~ or ([K* 1T"]y)K ™~ respectively, but also the dou-
bly Cabibbo suppressed decays B~ — D®0~ (D — K*7r) and their charge conjugates, used
as a control sample. The results for the double ratios and the CP asymmetries are summarized in
Table [§. First indications of signals for B— DK and B — D*(D°7°)K are observed with a statis-
tical significance of 2.90 and 2.40. For the B — D**(Dy)K channel no statistical significance is
yet found. From these results and using as input rp = (5.78 £0.08)% [B]] and &p = (202F]177))°
[B), we determine the ratios rg and rg with a frequentist approach to be rg = (10.91“5‘:2)% and
rg= (11 .6Jjg:‘i’)%, in good agreement with the BABAR and Belle Dalitz and GLW results.

4. Constraining y using neutral B® — D°K*? decays

The motivation to use neutral decays of the B meson is that larger CP asymmetries are ex-
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Parameter DK DK (D) D*°K (D)
Raps(%) | 1.36£0.55£0.27 | 1.76£0.93+£0.42 | 1.3£1.4£0.7
Aaps —0.70£0.357392 | 0.77+£0.35+£0.12 | 0.36+0.9413%

Table 3: Results of the ADS analysis for DK and D*°K channels

pected. The two interfering amplitudes are color-suppressed and consequently Is is expected to be
larger, of order 0.3. BABAR has performed two analyses using different B and D decay chains.

In the B — DK*(892)° decay the charge of the kaon produced in the K*(892)" decaying to
K+ or K~ 1Tt tags the flavour of the B so that no time-dependent analysis is needed to disentangle
decay and mixing. The D° modes considered are D — K71, D — K7ri® and D — K77rm using a
sample of 465M BB pairs []. Using as input the values obtained from CLEO-c for rp and &p , I's
is constrained rg € [0.07,0.41] at 95% CL.

BABAR has also performed a Dalitz plot analysis of D — K27t 11~ decay in B — DK*(892)°
[[[7]. The model used to described the DO amplitude is similar to the Dalitz analysis in charged B
decays. Using a sample of 371 M BB pairs the result for y is (162 4 56)° with rg < 0.55 at 90%
CL.

5. Conclusions

We reviewed the currently available determinations of the CKM phase gamma from B —
D®K ) decays perfomed by the BaBar collaboration. In particular, we presented a new result
using the ADS method in B~ — D®*9K~ decays, which provides for the first time evidence of
these decays. Combining several measurements the precision of the angle y is still about 20°,
statistically limited.
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