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1. Introduction

One of the primary goals of flavour physics is to improve the knowledge of the unitary triangle
angley [1]. Not only is this the least well measured ang®, [but it is also the one that can
be determined using tree level processes where the contribution of physics beyond the standard
model is expected to be negligible. A disagreement between measurementsiofj tree and
loop level processes would indicate the presence of new physics. At tree level one key way to
measurey is through the deca~ — DK ! whereD? is eitherD® or D° decaying to the same
final state, for exampl&sz™ 7~ or K~7[3]. The sensitivity toy comes from the interference
of b — ¢ andb — u transitions. These measurements also require knowledge @%cay
parameters including the strong phase difference betwedd’thadDP meson decay. If these can
be determined accurately and independently ofjtn@easurement then there can be a significant
improvement on the measurementyof

The CLEO-c experiment] collectede*e™ — y(3770 — Dl5decays corresponding to 818 b
of integrated luminosity. These data can be used to determine the strong phase difference as the
v (3770 is in a CP odd state and therefore the decay of theDwoesons is quantum correlated.
To give an example of how this gives sensitivity to the strong phase difference, one can consider the
Dalitz plot distribution ofD® — Ksz*z~. In the case of the decay ¢f(3770 to two D mesons,
where oneD meson decays to the CP even final state and the other t&Xsnt 7, the effect of
guantum correlation forces the decay of lheneson decaying tiist ™7~ into a CP odd state. The
amplitude for this decay is given by a superpositioi8fandD® amplitudes and hence the Dalitz
plot density description includes a term proportional to the cosine of the strong phase difference.
The full reconstruction of botb meson decays is known as a double tag. Other double tags besides
those containing on® meson decay to a CP eigenstate also have sensitivity to the strong phase
differences. The CLEO detector allows for full reconstruction of many double tags. The signal
to background ranges from 10-100 depending on the decay considered. The pres¢hcarof
also be determined via a missing mass technique, which allows the use of CP tags inclkding a
such aK_ 7°. These proceedings summarise the various measurements performed by the CLEO
collaboration and gives estimates on their impact on the determinatipn of

2. Measurements in self conjugate modes

One of the most promising decay channels to meagtmes the decayB™~ —>Nf)v0K‘,’Dv0 —
Ksh™h~ whereh=K, . The sensitivity toy comes from the differences between Bfe— Ksh™h~
Dalitz plot for B™ andB~ decays. These differences can be analysed using an amplitude model of
the D decay, and this method has been used by the Belle and BABAR collaborédiidijs The
use of amplitude models introduces a systematic uncertainty estimated to be betwe¥h, &}- 9
This uncertainty will limit the precision in future measurements.

A model independent method has been proposed/inajd developed further in8]. This
method requires determining yields®f andB~ in bins of theD — Kgn 7~ Dalitz plot such as
those shown in Figuré. These yields can be related to tRelecay parameters (including and
the parameters ands;, which are the amplitude-weighted averages over the bin of the cosine and

IThroughout this paper the charge conjugate state is implied unless otherwise stated
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sine of the difference in strong phase differentéy, between the Dalitz plot poin{s? mi) and
(m2,m? ) wherem, is the invariant mass of thiésh* pair.

In this binned analysis, the choice of the bin regions is important to minimise the loss in statis-
tical sensitivity in comparison to the unbinned amplitude analysis. It has been shown that binning
in intervals of expected strong phase gives around 80% of the statistical sensitivity compared to
the unbinned amplitude analysis. Further binnings have been developed via an optimsation which
takes into account the expectBdstatistics and background distributions. These optimal binnings
retain around 90% of the statistical sensitivig/ §]. While the construction of the binnings does
use the amplitude models it should be emphasised that this does not introduce a model uncertainty
to the analysis. Any descrepancy between the model and the true decay description will result in
an increased statistical uncertainty opmeasurement as the bins will not truly be optimal.

CLEO has measureg ands; for bothD® — Ksr ™7~ andKsK K™ in a variety of binning
regimes. The different binning choices are useful as they allow for cross checks and some binning
regimes may be better than others depending on the background levelsBrd#ta. Thec; are
determined from analysing bin yields in double tags, where®meeson decays tish*h~ and
the other to a CP eigenstate. Analysing the bin yields in double tags wherP Ino#isons decay to
Ksh™h™ gives sensitivity tas as well. As the strong phase parameters for the dB€ay Kl‘_)h+ h~
(¢,§) are closely related to ands, double tags where or®@ meson decays tsh™h~ and the
other toK_h*h~ are included as they greatly improve the precisiorcoands. For theD? —
Ksttn~ (D° — KKK ™) decay the numbers of CP-tagged a@gh™h~ vs. K°hth~ candidates
selected are 1661 and 1674 (219 and 335), respectively.

In Figurel one of the binning regimes is shown. These bins are determined by using intervals
of expected\dp of the D? — Ksnr decay from the BABAR 2008 model {]. The results for the
measured; ands are plotted with the model predictions shown by the blue stars, and there is good
agreement between the measured and expected values. The measurements are statistically limited.
The full results including other binning regimes and resultskgiKK are presented in detail in
Ref. [9]

3. Non self conjugate modes

Non self conjugate decays &f mesons such a8° — K*z ¥ can also be used to determine
v [11], as the measured rates are sensitive & shown in the following equations

M(BY — D(KTaH)K™ 01+ (rgr§%)2+ 2rerk™cos( s — 857 T ), (3.1)
M(BY — D(KEaF)K™ O (rg)2+ (r§%)2 + 2rgr§* cog 8 + 65* ¥ 7), (3.2)

whererg is the absolute amplitude ratio between Bie— DK~ andB~ — DK~ decay andg is

the strong phase difference. The parametgranddp are similar quantities between the Cabibbo
favoured decayp® — Kzt and the doubly Cabibbo suppressed deb8y— K*z~. The strong

phase differencé” has been measured at CLEO-c using 281'pbf data via analysing the
yields of a number of double tags. Sensitivity to the strong phase comes from analysing the yields
of various double tags in quantum correlated decays ofytf®/70) meson. With the inclusion

of external constraints on tH& mixing parameters, the strong phase difference is measured to be
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Figure 1: This diagram shows the bin divisions where the bins are divided into regiaghdpadiccording to
the 2008 BABAR model]0]. The left plot shows the measured valuegadinds corresponding to the bins
on the right P]. The model predictions are given by the blue star markers.

§K7 = (2271319.)° [12). A new preliminary result uses the fuly(3770 data set of 818 pbt
and also includes several double tags that were not used in the previous measurement such as CP
eigenstates with &? in the final state. This analysis allows for the measuremenp @find the
cosine and sine of the strong phase difference. The preliminary result using eXdemmaing
constraints igk” = 151°+ 7,

In the case of multibody decays, suchs— Kzz®, D° — Kxrr, the strong phase differ-
ence and the amplitude ratio varies across the Dalitz plot. These decay channels can still be used
to determiney without using amplitude models if the coherence factor and average strong phase
difference are known or can be determin&d][ The rate equations are modified and become:

M(BY — D(F)K~ 01+ (rgr5)2+2rerfRe cosds — 85 T7), (3.3)
M(BY — D(F")K™ O (rg)?+ (rf)?+ 2rerfRe cog8s + 85 F ), (3.4)

whereF* denotes the final state under analysis and the charge relates to the charge of the Kaon,

Re is the coherence factor, a§ is now the average strong phase difference over the Dalitz plot.
The coherence factor can range from 0 to 1. If the value is close to 1, then the decay is

made of a few resonances with little interference between them and the decays will have good

sensitivity toy. The coherence factor and average strong phase have been measured by CLEO in

the decay to final stateszz® andKzzw [14]. Both these decay channels haygaround 005

and large branching fractions (13% and 8%Y]|[ respectively. A preliminary measurement of

the coherence factor for the final stdgK has also been made. Although this decay channel

has a lower branching fraction35% [15], both the favoured and suppressed decay channels are

singly Cabibbo supressed leading to a large valuepoéround 0.7. Hence if the coherence is
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also high, the per-event sensitivity focould be significant and make this a promising additional
channel in which to measune The coherence factor is determined from yields of double tags.
The sensitivity comes mainly from the yield of CP tags which are sensitiVR-twss/. For
Kzn® andKznzr the yield of double tags where eaBhmeson decays to state F is sensitive to
RZ. Due to the low branching fractions there are no events wherelbatiesons decay tsK 7.
However, with the determination of theg and s values it is possible to use th&rn tag yield

in each bin which are sensitive to a sumaopiRe cos5|§ ands,-RFsinSS. The various yields are
combined in g2 fit to determine the best fit values of the coherence factor and average strong phase
difference. The fitted results givR ;0 — 0.8440.07, 6K™° = (227734)°, Reznr = 0.337923, and
SK™ = (114729)° [14]. The coherence fob° — Kmro is high which means that thB data

will have a high sensitivity tgy. In the case oD® — Kzzr the coherence is low. However,
this decay channel can then be used to improve the knowledgge wsing equatior8.3 as the
last terms tend to zero. In the casekyKr the preliminary results for the coherence factor are
Rkekr = 0.73+0.09 andégsK” =8.2+15.2°. The coherence is large indicating that this should be
promising channel in which to make an additiopaheasurement. As the coherence is expected to
be large in regions dominated by one resonance the measurent®qkpthas also been made in

a bin where the invariant mass of tkgx combination lies within 789 to 993 MeA¢? i.e., around

the K*(892)* resonance. In this bin we find the coherence factor t&he, = 0.96+0.17 and
853" — 25.8+17.6°. As expected the coherence in this region is higher.

4. Impact on gamma measurements

The measurements of ands allow for a measurement gf which does not have a model
dependence systematic uncertainty. These measurements have already been used bg].Belle |
The uncertainty on the measurements;ands lead to an uncertainty on a measurement.dh
the limit of largeB statistics, these systematic uncertainties will be between 1.7 ah@a@endent
on binning choice) for measurements usingfheeson decay t&sr, and between 3.2 and 3.9
(dependent on binning choice) for measurements using the dekailt0[9]. These uncertainties
are of similar size to those applied in a model dependent analysis. As the dominant contribution of
uncertainty comes from the statistics available to meagusads it will be possible to improve
these measurements with the larger data sample that will become available at BES IlI.

The impact of the measurements of the coherence factor and strong phase at LHCb have been
evaluated using the yield estimatesBf — DO(KinjF)K andB~ — DO(K~ztzxw)K~ decays
in a data set corresponding to 2fbof data at a center of mass energy of 14T&V]] The yield
of B~ — DO(K~x* %K~ is assumed to be half of thérzx final state due ta® reconstruction,
with the same level of background. Using only LHCb data the sensitivipid®.7. If the CLEO-
¢ constraints on coherence factors and strong phase differences are included the uncertainty on
reduces to 7.5 This estimate does not include the sensitivity fromKi = channel.

In summary the quantum correlated measurements of the strong phase parametersif many
decay channels from the CLEO-c experiment are presented here. Their use to improve measure-
ment of the unitary anglg has also been demonstrated. Further, similar measurements could also
be pursued in other decay channels such%s» 77~ 7° andD® — Kgnt ~ 7°.
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