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Abstract dynamics and the resulting light-quark mesons pro-

The analysis of quantum-correlatéd— D decays pro- duced.

duced at the)(3770) resonance gives unique insight into e It is necessary to relate various measurements of the
guantities such as strong-phase differences and coherence D-mixing parameters andy (wherex characterises
factors. Knowledge of these parameters is invaluable for the mass splitting between the mass eigenstates; and
measurements of the CKM-angle(¢s) in B — DK the width splitting). For example in the ‘wrong sign’
decays. Results from CLEO-c analyses performed at the D — K7 mixing analysis the measured parameters
1 (3770) resonance in a variety of decay channels are re-  differ from = andy through the rotation by the strong
ported, and their consequences for the determination of phases5™.

is assessed. Future prospects are given for extensiorss to th o o
present studies. e It is invaluable for measurements of the CP-violating

angley (¢s3).

Overview It is the last point which provides the main context for the

discussion in the present review.
In the last couple of years results have begun to emerge

from t_hew(3770) dataset of the CLEO-c experiment which Measuring v in B — DK decays

exploit the quantum-correlated nature of ile- D produc- .

tion at this resonance. These results provide insight into The angley is the least well-known parameter of the

the strong-phase differences existing betwé&nand D¢ CKM unitarity triangle with an uncertainty presently es-

decays which is of great interest for various applicationdimated to be aroung0® [1]. All measurements contribut-

in particular the measurement of the CP-violating unigariting to our existing knowledge come from tig-factory

triangle angley (¢s) in B-decays. experiments, an.d have been performed using theT so-called
This review is organised as follows. First the relevanceB — DX’ family of methods. This approach will con-

of C'P-tagging is explained, and the basic analysis princiinue to dominate the determination at the LHCb experi-

ple is presented. Results, both preliminary and final, af@€nt, where the increasdgtdecay statistics will allow an

then shown in two categories &i-decay:D — K°h+h— order of magnitude improvement in precision [2].
(h=morK)tandD — Knr (= K*nF, K*r¥ntr— A B~ meson may decay tb° K ~ through & — ctran-
and K*xF70). Particular attention is paid to the impactSition, or DOK ™ through & — w transition. If the charm
these measurements will have on the determination. of MeSon is reconstructed in any mode common to ioth

. . . . 5] i 0 — + H
Finally, a summary is given, along with future prospects. @ndD" (examples '”9'Ud_é(s77+77 andK=7¥) then in-
terference occurs which involves the CP-violating phase

- . between the twd-decay paths. Therefore measuring the
Preliminaries difference in rates (or kinematical distributions in theea
Importance of CP-tagged D-decays of three-or-more-body channels) betwegn andB* de-
cays gives sensitivity to this angle.

CP-taggedD decays access information which is not In order to extracty, however, other parameters must
available from decays of flavour-tagged mesons, namebe accounted for which also affect the interference. These
the strong-phase difference betweBf and D° decay to includerp, the ratio of the magnitude of thg-decay am-
the final state of interest. As&-meson in a CP-eigenstate plitudes, i, the strong-phase difference between the
is a superposition ab? and DO, the decay probability has decay amplitudes, ant}, the strong phase (or phases) as-
a dependence on the cosine of this strong-phase differenseciated with theD-decay. Although in some cases itis in
In a two-bodyD-decay this strong-phase difference is grinciple possible to use thB-data themselves to extract
single guantity, whereas for three or more particles it wilthe B- and D-decay parameters along with it is gener-
vary over Dalitz space, depending on the intermediate reglly advantageous, and often essential, to have an external
onances contributing at each position. constraint (or constraints) of,. The best source of this

Knowledge of strong-phase differences (hereaftdnformationis CP-tagged-decays.

‘strong phases’) is important for three reasons.
Quantum-correlated ¢(3770) decays

The most practical source of CP-taggeddecays are
Lin this article D will be used to indicate any neutr&}-meson. neutralD — D events produced at thi3770) resonance in

e It is interesting in itself for understanding-decay




which one meson (the ‘signd!’) decays to the final state are statistical, systematic and model errors, respegtivel
of interest, and the other is reconstructed in a CP-eigenstadn fact rhe BABAR result also receives a contribution from
(the ‘taggingD’). The D — D system is produced in a co- the analysis o3 — D(KJK*™K—)K events; the model
herent state which, due to the quantum numbers of the resrvor for B — D(KYr"n~)K alone is estimated to be
nance, is known to be C-odd. Therefore if abas recon- ~ 7°.
structed as CP-even, for example through— KK, The model uncertainty in these analyses represents the
then the other meson is ‘tagged’ as being in a CP-odd statamit in the understanding of th®-meson decay. The like-
Reconstructing bothD-mesons (‘double-tagging’) in lihood function used in the fit includes a description of the
(3770) decays allows for studies to be generalised beyordl” — K g7~ decay which is modelled from a sample
pure CP-tagging. As all hadronic final states can be a€f flavour-tagged>** — D®(Kgn*r~)n* events. Both
cessed from botD® and D° decays this means that evenBABAR and Belle have developed their own models of

if the taggingD is reconstructed in a non-CP eigenstatéNis decay. The BABAR model, for example, derives from
hadronic mode then the signal will also be in some su- 487,000 events and is based on the isobar formalism [6],

perposition ofD° and DY, albeit not in the equal propor- With the S-waverr and K'r contributions treated with the

tions that are present in the CP-tagged case. Such evekt§natrix [7] and LASS [8] approaches respectively. The
turn out to be a powerful addition to the pure CP-tagge@greement of data with this mogdel is very impressive, but
sample and are extensively used in the analyses descrid@gvitably is not perfect. (Thg”/n.d.f. is found to be

in this review. For this reason the subsequent discussidnll for~ 19k degrees of freedom.) Although7a— 9°

will often refer to ‘quantum_corre'ated decays’. model uncel’talnty IS at pl’esent adequate in the measure-

The only existing)(3770) dataset of significant size was ment ofy given theB_-mespn decay stat|st|.cs.§1vallable at
the B-factories, it will rapidly become a limiting factor

collected by the CLEO-c experimentirte  collisions at to the precision of the same analysis performed at LHCb
the Cornell Electron Storage Ring (CESR). CLEO-c fin- h P few d stical ySIS peric ¢ h
ished operation in Spring 2008, by which time it had acV er_ela ewAegrede is';atc;snca (;Jncertamty 'Sh Qreieenfwn
cumulated 818b~! of data at the)(3770) resonance, to- 1be [9].' model independent approach Is therefore
gether with additional integrated luminosity at other cent highly desirable.

of-mass energies. All analyses presented in this review uRﬁ ddl ind d fi
this dataset. In the near future, higher statistics sangkes Odel Indepenaent measurement of -y In

expected from BES-III [3]. B — D(K2n+7)K decays

There are other important side-benefits to running at this A binned Dalitz analysis approach to thedetermina-
threshold energy of 3770 MeV. Events are very clean, withtion in B — D(K 7"~ )K [10, 11] removes any model
out fragmentation debris. If alD-decay charged particles dependence by relating the number of events observed in a
and photons are identified in the event, the kinematical cogiven bin of Dalitz space texperimental observables. If
straints allow the presence of neutral particles such's the Dalitz plot is partitioned into a set of bins symmetric
or indeed neutrinos to be inferred. This feature enables thierough the linen?(K%7™) = m?(K3x~), then the num-
range of CP-tags to be essentially doubled with respect ber of B+ events giving rise to decays in biris given by:
those available with normal reconstruction techniques. Fo
exampleK? 70 decays may be used as well&§°. Fur- N =h (Ki + 15K + 2/ KK _j(v1c; + yisi))
thermore, signal decays involvirg® mesons may be stud- ()
ied in both theK’2 and K categories. whereh is a normalisation factor;. = 75 cos(dp & 7),

y+ = rpsin(dp ), K; are the number of flavour-tagged

DY — ngﬂr* decays in bini, andc; ands; are the

Quantum correlated studies of amplitude averaged cosine and sine of the strong phase of
D — th+h_ decays the D-Qecgy |n'the bin in quefstlo.n. In.thls expression the

subscript—i indicates a bin which is defined symmetrically
. in the lower region of the Dalitz plot with respect to hin
Model depeondfnt_meawrmt of yin in the upper region. The parameters g anddp are to be
B — D(Kgrn*n~)K decays extracted from the measurement, whijends; are inputs
which are determined from quantum-correlatediecays.
The values ofK(; can be determined from any sample of
flavour-tagged)-decays.

In making such a measurement the statistical sensitivity
is affected by the choice of binning. It is advantageous to

With the statistics presently available at tBefactory
experiments the highest sensitivity to the anglis found
in the channeB — D(K2nt7~)K. Comparison of the
K2rTn~ Dalitz space in decays originating fromz-
with those from aB+ meson reveals CP-violating differ-
ences which, when analysed in an unbinned likelihood fit, It may be noted that there is a significant difference in theoreed

; ; statistical precision in the two results which cannot belared by the
can be used to extract a value far Using this approach variation in sample sizes between the experiments. Thierdifce is

BABAR obtain a result ofy = (76 £22 + 5 £ 5)° [4] and largely driven by the very different values of the interfare parameter
Belle v = (76f%§ + 4 £ 9)° [5]. Here the uncertainties rp thatis found in the two analyses.




define bins in which the variation of strong phase is small s0l

(so thatc? + s? is as close as possible 1. This choice can : +
be informed by the models developed on the flavour-tagged -
data. It must be emphasised, however, that any difference
between the model and reality wiibt lead to any bias in

the measurement, but will merely result in the statistical
sensitivity being lower than expected. In the analysis re-
ported below 8 bins are chosen, each covering the same
span in strong phase. The model used to make this choice
is that constructed by BABAR [4]. This binning is shown i
in Fig. 1. - P
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6 Figure 2: CLEO-c missing mass squared distribution in
5 K977~ events reconstructed together with CP-even tags.

The shaded histogram represents the background expecta-
tion from the simulation.

2 Table 1: CLEO-c double tag yields in ti€°n+ 7~ analy-
1 sis.

M2(K2 %) Mode Kontrn~yield KYx¥r~ yield

CP-even tags

Figure 1: Equal phase binning of tHe® — KZrTr~

Dalitz plot KT 124 345
piot. e 62 172
ngoﬂ'o 56 -
_ KO 229 -
Measurement of ¢; and s; in D — K2ntr— CP-odd tags
0.0
The parameters; and s; have been determined using ng 189 281
818 fb~! of 4(3770) data collected by CLEO-c [12]. Cen- Kg” 39 41
tral to the analysis is a sample of double-tagged events in Kew 83 _
Other tags

which D — K3r =~ decays are reconstructed together
. . . 0+ — Kortn— 475 867
with a CP-eigenstate, or against otlier— Kgr™n~ de- S
cays.D — K?n+r~ decays are also used. The presence
of a K mesons is inferred by selecting events in which
the missing-mass squared is consistent with, , as illus-
L

oo peak associated with the CP-odcfp decays. This fea-
trated in Fig. 2 ture is absent from the sample with the CP-odd tags. The
A summary of the double-tag sample is given in Tab. lgorrespondingc? 7+ distributions are shown in Fig. 4.

Four CP-even tag and three CP-odd tag modes are eMpserve that, as expected, thd 7+ 7~ with CP-even(-
ployed alongsideD — Kgr*7~ decays. Background oddy tag distributions resemble those of figr— 7+ with
considerations mean that certain CP-tags are not US@‘F"-odd(-even) tags.

with the D — Kp7*7~ decays. Approximately 1600 |n the analysis the parametersands; are determined
CP-tagged events are selected in total, and around 13f8m measuring the event yield, after background subtrac-
Kgntn~ vs K'7*n~ events. The signal to backgroundtion and efficiency correction, in each bin of the Dalitz plot

level is between 10 and 100, depending on the tag modgy the CP-tagged and th€dmtr~ vs KOr+ 7~ samples.
Also selected (but not tabulated here) are events in whicthe number of events in binof a CP-taggedk 4t~

the signal is reconstructed alongside decays sudh as  Dalitz plot is
K*7F, which to a very good approximation serve as
flavour-tags. M = hops (Ki% 26K+ K)  (2)

An inspection of the Dalitz plots and projections for the
CP-taggedK 3+ 7~ samples, as presented in Fig. 3, rewherehc py is a normalisation factor which can be deter-
veals clear differences. For example, the sample with theined from the number of single flavour-tagged signal de-
CP-even tags has in the?(r 7 ) projection a cleap’ cays and single CP-decays. FoK&n+7m~ vs K2r™n~



Figure 3: CLEO-c Dalitz plots and projections for CP-
taggedK 3n+
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first plot and bin; of the second plot is given by

Mij =

hcorr(KiK—j + K—in -
2 KiK_jK_in(CiCj + SiSj))

whereh.,,. IS another normalisation factor.

Events includingD® — K?x+

3)

nificant contribution to the overall sensitivity of the ayal
sis. Superficially, CP-even (-od&? "=~ events can be
treated as CP-odd (-eve®)27 7~ events. The expres-
sion for the number of CP-taggéd? =+~ events in bin
is given by

Mli = hcpt (Ki:F2CiI\/K¢K7i+K—i) (4)

and the corresponding expression to Eqn. 3A@m
vs K97t~ decays is

Mij = heorr(KiK_j + K_iK; +

KiK,jK,in(CiCj/ + Sl‘Sj/)). (5)

As well as the sign-flips with respect to the earlier expres-
sions, note that the cosine and sine of the binned strong
phases for thé — K? 77~ decays are denoted with the
primed quantities;” ands;’. These are not expected to be
quite identical taz; ands;, as can be seen by writing

AD® - K2ntr™) = %[A(DOHKTOWJWF)
+ A(D? — K% t7n7)]
and
AD® - K9ntr™) = E[A(D — KO 7™)
— AD° — K7t

from which it follows

AD® - K9ntr™) = AD® — Kirtr™)
— V2AD° — K%ztx7).

Thus in relatingD® — K?nt7~ to D — Kgrtn~
the set of doubly Cabibbo suppressed (DCS) amplitudes
A(D® — K% +7~) appear as a correction term, with a
minus sign.

If, for the purposes of illustration, we consider only in-
termediate resonances of the srt™ andp® then it is easy
to show

AD® — K3ntn™) = aK* 7" + BK* 1™ + xp' K2
(6)

and

AD® —» Kntr™) =aK* 7t — BK* 1~ + ' p°K?,

)
wherea, 3, x andy’ are coefficients. Thus in going from
Klntn~ to K9ntr~ the K**7r~ term changes sign, and
the p° term enters with a different factor, which is caused
by the sign-flip in the DCS contribution to this amplitude.
Therefore is is expected thaf’ # ¢; ands;’ # s;, al-
though the difference between the two sets of parameters is
predicted to be small.

In the analysis:;, s;,c;” ands;’ are extracted simulta-

w~ decays make a sig- neously, but the allowed differences between the unprimed



and primed quantities are constrained in the fit. The exan alternative choice of binning could reduce this loss.
pected differences on which this constraint is based are callith the present binning the sensitivity towill surpass
culated from the flavour-tagged models of th&z™7—  that of the unbinned approach with less thafb—! of
decay, which give the coefficients 5 andy. The coeffi- LHCb data.

cienty’ is related toy by a DCS correction, the phase and . _

magnitude of which is allowed to vary in a conservativéEXtmd'ng toD — Kg‘K+K

range as a systematic in the study. Additional contribu- As has been demonstrated by BABAR [4B —
tions to the systematic uncertainty come from using differp (K9 K™K ~) K decays can be used to measynesing a
ent models to give the values af 5 andy. The results of model dependent unbinned fit with a method entirely anal-
these studies indicate that the residual model dependencegous to that used foB — D(KJr"n~)K. In order
small compared with the statistical uncertainty of the anato allow a model independent exploitation of this mode,

ysis. CLEO-c has embarked upon a measurement of the corre-
spondinge; ands; parameters iD — K2KTK~. This
Results and impact on the v measurement determination will exploit around 550 quantum-correlated

double tags, includingd* K+ K~ vs K7+ 7~ events that

The TES“."S of the CLEO'.C analysis for gnd % &€ can contribute to the analysis thanks to the knowledge of
shown in Fig. 5, together with the expectations from th?hec' ands. values forD — KOr+r—
1 1 S .

BABAR model [4]. The measurement errors are the sum Figure 6 shows the Dalitz plots and2(K+ K ) pro-

in quadrature of statistical uncertainties, uncertanaids- . ..o < CP-tagged 0K+ K~ and KV K+ K - events.

: ; L je
ing from the reconstruction (such as that arising from th%)bserve that the peak associated with?, ¢ decays is
momentum resolution), and the uncertainties arising froqgnly prominent for the CP-even(odd) tagSéL)

the residual model dependence in figr =K %7+ 7~
constraint. The statistical uncertainties are dominahe T - |
¢; measurements are more precise than those frgras '
they benefit both from the CP-tags and th€n 7~ vs
K%+ 7~ events, whereas sensitivity tg comes solely
from the latter category. The measurements are compa
ble with the model predictions.

I
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Figure 5: CLEO-c results [12] and model predictions [4fRiI9Nt: K, KF K~ with CP-odd(even) tags.
for ¢; ands;.
Preliminary results on the measurement of the strong

When these results far; ands; will be used as input phase difference i> — KKK~ events can be found
to they determination usingd — D(K%rt7)K de- in[13], :
cays, the uncertainties on the parameter values will induce Quantum correlated studies of
a corresponding error on. This uncertainty has been D — K (n)m decays
estimated to be aroun2, which is much smaller than :
both the present BABAR assigned model uncertainty°of The ADSstrategy for measuring
and the expected statistical uncertainty5ds® at LHCb A powerful subset of thé8 — DK family of methods
with 10 fb~!. The loss in statistical precision from theto measurey is the so-called ‘ADS’ approach [14]. Here
binned method, compared with a binned model-dependethe D-decay mode that is reconstructed is one which in-
approach, is arelative 20%. Itis being investigated wheth&olves a charged kaon and one or more pions. The simplest



example isD — K*xF, which is here taken as an exam-The analysis reported in [16] uses a range of CP-tags, other
ple. Depending on the charge of tBemeson and the kaon double-tagged events, and single tags both to exset
from the D-decay, there are four possible final states. Thand to gain sensitivity to the mixing parameterandy,
partial widths into each state depend on the physics paramhich modify the result foZ 5%, and the rates for other
eters of interest. Two of these final states have particulavent types.

sensitivity: When a fit is performed which imposes no external con-
- . - straints on the mixing parameters, a result for the strong
(BT — (K577)pK™) o phase difference ofosd5™ = 1.037031 + 0.06 is ob-
T . . )
12 4 (rE™)2 4 20 prET cos(d + 65T F ). (8) tained?®. In fact this measurement is less precise than that

of the indirect determination which can be obtained from a

Sincer g and the magnitude of the ratio between the doublglobal fit to all theD-mixing results [17]. As Fig. 7 makes
Cabibbo suppressed and the favoufedecay amplitudes, clear, however, the inclusion of the CLEO-c result brings
r&m, are of similar size, the interference term that involvegmportant extra information, as it resolves a two-fold am-
~ appears at first order. The consequence is that a largiguity which would otherwise exist in our knowledge of
asymmetry may exist between the number of events fourdds ™.
in each final state. Measuring this asymmetry, and com-
bining with observables in othd? — DK modes, allows
~ to be determined. This extraction however benefits from Lg35
external constraints on thB-decay parameterss™ and D
§E™. The former of these is well known, essentially from < 30f
the ratio of the suppressed and favoured branching ratios. :
Knowledge ofd5™ comes both from)(3770) decays and r
from the ensemble ab-meson mixing measurements, as 20}
is discussed below. E

The form of the ADS decay rates, given in expression 8, :
takes on a different form for multibody decays such as 10
D — K*rFrt7~. Inthis case there are many intermedi- :
ate resonances (ed**p°, K*aT), which in general will
contribute with different strong phases. The two rates of
interest are then as follows:

ICHEP 2008
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CLEO-c

25}

15§

ol £ ”
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d (radians)
(BT —» (K*rTn at)pKT) « o
- - - Figure 7: CLEO-c impact on the knowledge &f™ [17].
rh+ (rp°™)? + 2rprp* Ricsn cos(6p + 05" F7). (9) The dotted line is obtained from a global fit fo-mixing

The parameteR 3, is termed the coherence factor, ano{.“ easurements Whlc.h do not @@770) data and the solid
. line from a fit which in addition includes the result of [16].

can take any value betwe@rand1, where the latter limit

corresponds to the case when all resonances contribute mThis analysis is now being updated with the full CLEO-c

phase and the channel behaves as a two-body decay. 131(—% ; ;

K3r . ataset and improved analysis methods [18].

paramete®;5°" is now the strong-phase difference aver-

aged over all Dalitz space. Precise definitions of the quan- ) N

tities can be found in [15]. Analogous parameters exist fofnalysis of the modes D — K*nFr*7~ and

other decays, for exampley .o andé5™ " in the case of D — K*nFq0

+ _F.0
D = K&mta. The coherence factors and the average strong phase dif-

. ferences have been determined by CLEO-c for the modes
Analysisof themode D — K*7F D — KtnFatn— andD — K + g;wo using 818!

The strong-phase differendéS™ betweenD® and D°  of 1(3770) data [19]. The analysis is based on the method
decays toK "7~ has been determined by CLEO-c usingoroposed in [15]. Each signal mode is reconstructed
281 pb~1! of 4(3770) data [16]. This result is the least alongside various categories of tags. These include: CP-
recent of those reported in this review, and so only a vegigenstates; the signal mode itself in the case where the two
brief summary of the analysis is given here. kaons in the event are of identical sign (giving so-called

If one neglects mixing then the rat&%%,, of CP-
taggedD — K* 7T eventsis as follows:

31t is worth remarking that the convention used to descritseetffect
of a CP operation on th®° meson has non-trivial consequences in the
definition of phase differences. In particular, the conenfissumed in
most charm mixing analyses, and implicit in the results gmé=d here, is
. . offset by from that assumed in mo&t — DK studies. Thus the central
whereB¢cp+ andBg . are the branching ratios of the CP-value that should be used in both expressions 8 anchétisE™ ~ 0.4,

tag and the Cabibbo favoured signal decay, respectivebs suggested by Fig. 7, bi™ ~ 0.4 — .

FEE. ~ BepsBra (14 (r5™)2 £ 2r85™ cos 65™). (10)



Table 2: Dependence of double-tag rates in the coherence
factor analysis. K3
E+ T
— . KK
Double-tag Sensitive to CP=+1 —e— Krfr?
K*ntatn-vs K¥ntatn~  (Rgsq)? 1 8 Kyt
K*nF 710 vs K*nF 70 (Rirn0)? Koo
K*nFntn— vs CP Ricsr cos(6537) :
0 :
K*n¥70vs CP R0 cos(687™) t Kgrt
K*n¥rtn vs K*nF Rican cos(653m — gBm) I oS ES::
0 _ H
K*nF70 vs K+ F R pno cos(687™ — gK™) . cP=-1 - Kzr](yy)
K*nFrtr— vs KEnF70 Risn R pmo cos(083™ — §Emm) N Ksn(r ert)
° H Ksn
1 1

Table 3: CLEO-c double-tag background subtracted yields
in the coherence factor analysis analysis.

K*rTrtr~ yield

K*n% 7 yield

o b b b b B b b b a1y
0 02040608 1 12141618 2
Observed / Incoherent Expectation

Tag Mode Krurf :
CP-even tags .- S
KTK~- 536 764 e KK
ntm 246 336 CP=+1 H B Kgrfrt
000 i K.
Kgn®m 283 406 e Ko
K gwo 695 1234 i
Kw 296 449 .
o
CP-odd tags . Koo
K20 705 891 cpe.1 Tt K@
Klw 319 389 T e Ksn(v)
K9 53 91 — A Ken(remrt)
KOn 164 152 i "
K > = 070304706 08 1 1214 1618 2
Other tags Cbsérvéd / I.ncoherént I.Expécta-tion
K*r¥ota— 29 64
K*p¥q0 see row above 13
K*+7F 36 7 Figure 8: CLEO-c pcp parameters for theD —

the complete expressions.

events, both needed for normalisation purposes.

K*rFrtn~ (top) andD — K*7F70 (bottom) analyses,

representing the number of observed events to the incoher-
‘like-sign’ events); the other signal mode under considerent expectation. The cyan shaded bands show the mean
ation, again in the like-sign configuration; and like-signresult for each CP-eigenvalue.
K*7¥F decays. The sensitivity of each event class to the
coherence factors and strong phase differences is indicate
in Tab. 2, although Ref. [15] should be consulted to obtain In Fig. 9 are shown the results for the nine observ-
ables. These comprise: the mean results per CP-tag per
The analysis uses 10 types of CP-tags. The event yieldode pcp+ andpcp-); the results for the like-sign events
for each category of event, after background subtraction, for both signal modespf.s); the results for the like-sign
listed in Tab. 3. Additional double-tags, not detailed hereK™ tags px~,Ls); and that coming from the like-sign
include ‘unlike-sign’ events, and*7¥ vs CP-eigenstate K*n¥rn~ vs K*7F70 events p%37" ). The error

bars include the statistical and systematic uncertainties

The analysis chooses as observables so-called ‘the case opcps the largest systematic uncertainty is as-
parameters’, which give the ratio of the number of observesbciated with the normalisation procedure, which is signif
events in each category to the number expected were tigant alongside the statistical uncertainty, but is itsed-

D — D pair to decay in an uncorrelated manner, and/or thigstical in origin. For the other observables the systemati

coherence parameter to be zero. The valug@f, this

uncertainties are small.

ratio for the CP-tagged events, is shown for each CP-tag The expected size and sign of any deviation of glpa-

in Fig. 8. For a given signal-mode the same behaviour immeters from a value of one depends on the tag-category.
expected for each CP-eigenvalue, and behaviour of an ophe general behaviour in Fig. 9, however, makes clear that
posite sign for CP-odd and CP-even. The values of thiere is evidence of high coherencelin— K*7¥7 de-
observables are consistent with these expectations. cays, but much less so f&r — K*nFntn—,
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Values for the coherence factor® s, and Ry, o, & s
and mean strong-phase differenc#$3™ ands% ™", have 100 =
been obtained by making)& fit to the above observables. 50 £

Other free parameters in the fit includg™, the mixing
parameters: and y and the Cabibbo favoured and dou-
bly suppressed branching ratios, all of which are given a
Gaussian constraint to lie close to their world-best mea- Kar

sured values. The best fit values for the coherence falc::_— 10 CLEO its for th h fact d
tors and strong phases are as follow#s:s, = 0.337023,  lgure U " Tesults for e conerence Tactor an
mean strong phase difference for - K=xTrx" (a) and

Rirno = 0.84 +0.07, 6537 = (11433).0 andsEm — D — K*n%rtn (b).
(227%1%)°. The one, two and three sigma contours are
shown in Fig. 10. Thus it is seen th&t — K*7rFx0

is highly coherent, whereas the indications are that this is

not so forD — K*nFxtx~. Interesting results are also Size corresponds to one nominal yeafl{2!) of data. The
obtained for the auxiliary parameters in the fit, where iiesults are compared between the case where no external
some cases small but significant improvements are fouk@owledge is assumed, and the case where the CLEO-c re-
with respect to the external constraints. For example tilts foré55™, Rxs. anddfs3™ are applied as external con-
fitted value ofé 5™ is (—151.575 %)° to be compared with straints in the fit.

the applied constraint of-157.55175)°. This sensitiv-  The exact results of the study vary with the assumed
ity arises from the importance of the like-sigfir tags in  yalue of the parameters, but in general a significant im-
the analysis. A relative 10% improvement is also foungrovement in the precision on is observed when the

in the knowledge ofy, with the fit returning a value of C| EO-c constraints are used, similar to that which would
0.81 4 0.16%, to be compared with the applied constraintome about from a doubling of the LHCb dataset. The im-

0 bl L
0 0.102030.

4 05 0.6 0.7 0.

809 1

of 0.76 & 0.18%. pact of theD — K*#¥ and theD — K*rFr 7~ con-
o straints are found to be similar. At first sight the importanc
Impact on ~ determination of the D — K*7rFrtx~ events in the analysis is unex-

A study has been made within LHCb to assess the irTp_ected, given the low value of the coherence. This effect

portance of the CLEO-®D — K (n)r results on they can be understood by inspecting Eqn. 9 and considering

measurement [2]. A standalone simulation study has beg?]e limit whenRgsx — 0. In this case the observed decay

made in which the precision on is determined from a 't In the suppressed — K=n¥n* 7~ mode allows
simultaneous analysis aB — DK events using both to be_determmed,whmhj:hin benefl.tsthextractlonfrom
K*x* and K*r¥n 7~ asD-decay modes. The simu- € Simultaneou® — K= analysis.

lated events are generated with fhedecay parameters set The modeD — K*7F70 has not yet been included in
to the central values of the CLEO-c analysis. In additiothe LHCb ADS analysis, but it is anticipated that here also
to v, the fit also returns g, the B- and D—meson strong the CLEO-c constraints will be helpful in improving the
phases, and the coherence factors. The assumed sangderally sensitivity.



Summary and prospects [13] S. Ricciardi, Quantum Correlated D Decays at CLEO-c,

. . . Europhysics Conference on High Energy Physics, 16-22 July
CLEO-c analyses have been published which determine 009, Krakow, Poland.

- i 0, 4+, —
D-decay parameters in the modBs— Kgr*n~, D — [14] D. Atwood, I. Dunietz and A. Soni, Phys. Rev. Le?8

+ F + F o+ - + F.0
E=n¥, D — K*n¥atr~ andD — K=a¥r. All (1997) 3257: D. Atwood, I. Dunietz and A. Soni, Phys. Rev.
these studies rely on the quantum-correlated nature of the [ g3 (2001) 036005,

f])av_ez el ¥(3770) decays. The results are found t°1{15] D. Atwood and A. Soni, Phys. Rei2 68 (2003) 033003.
gnificant consequences for the measurement o
in B — DK decays, allowing for both an improvement(16] D.M. Asneret al. (CLEO Collaboration), Phys. Refd 78
in overall precision and the removal of model dependence (2008) 012001; J.L. Rosnest al. (CLEO Collaboration),
in the analyses. Results are anticipated soon in the mode PhYS- Rev. Lett100 (2008) 221801.
D — K2KTK~. Work is also underway to extend the[17] The Heavy Flavor Averaging Group (HFAG),
D — K*nT analysis to the full 818b—! dataset, and to http://www.slac.stanford.edu/xorg/hfag .
provide further results il — K2n* 7~ for alternative [18] P. Naik,D mixing at CLEO-c, these proceedings.
choices of binnings. [19] N. Lowrey et al. (CLEO Collaboration), Phys. Re 80
There exist other channels which are potentially use- (2009) 031105 (R).
fulin the B — DK a'lnaIyS|s and so 'Cou'ld benefit from 20] C. Amsleret al. (Particle Data Group), Phys. Let. 667
measurements of their decay properties in quantum corre- (2008) 1.
lated events. These include — KTK ntn~, D —
KgKiij andD — K2nta—n°
The studies reported here would benefit greatly from the
increase iny(3770) statistics which could be collected by
the BES-IIl experiment. For this reason a significant open
charm programme at BES-IIl is to be encouraged.
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