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1. Objective

Determining the elements of Cabibbo-Kobayashi-Maskawa (CKM) matrix [1] describes
charged weak currents, and over-constraining its unitarity triangles provide an open-ground
for better understanding of CP violation and presents a unique opportunity to test physics
beyond Standard Model. The parameter v or ¢s is, upto third order in the sine of the
Cabibbo-angle, approximated as the argument of the CKM matrix element V. It is acces-
sible experimentally, indirectly through loop and penguin level processes e.g. BY — J/ ng
and B? — B° mixing, as well as directly in relatively low branching fraction tree-level
B* — DK® decay, involving neutral D mesons decaying in a superposed state. In such
a direct measurement of v, charm hadronic parameters are an inevitable source of system-
atic uncertainty and will be the most dominating ones once v reaches the desired ~ 1°
precision level [2]. Furthermore, these parameters are also essential for model-independent
determination of charm mixing parameters and search for CP violation in D — K. g7r+7r* de-
cays [3]. These proceedings summarize the most precise measurements performed on these
hadronic charm inputs at BESIII for the decay modes K%7ntn—, KOKTK—, K- ntn—nT,
and K~ntr0,

2. Strong-phase parameters in D decay

The hadronic parameters associated with the interference in DY and D° decays con-
tributing coherently towards a single final state S, are indicated below in an integrated B
decay rate

I'(B™ = DK™) o« (r))? + 1% + 2rprpRpcos(dp F v — AdD), (1)

where r% is the ratio of amplitudes between doubly-Cabibbo-suppressed (DCS) and Cabibbo-

favored (CF) D decays, and Rf)e*m‘;g characterizes the interference, integrated over the

phase-space of the final state. The magnitude R‘g is called the average coherence factor

and A9, is the strong-phase difference between the flavor state D decays [4]:
AR AY (x)dx

—iASS 1TS*
D

where, A% (A$) is the D°(D°) decay amplitudes at position x on the S phase-space and
A%,A% are the total integrated amplitudes. These three parameters, r%, R‘E), and Aé%
are typically collectively referred to as strong-phase parameters. The parameters Rp and
Aép may be represented in various forms depending on the final decay state and the
corresponding analysis technique. Specific details on the definition of observables used for
the four decay modes are included in the next section.

3. Measurement at BESIII

At BESIII, pairs of DD mesons are produced at threshold, which approximately corre-
sponds to the mass of the 1(3770) resonance, and are quantum-correlated by anti-symmetry
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of the total wavefuntion with charge conjugation quantum number constrained to one, re-
sulting in very powerful, almost exact tagging (C'P and flavor) capabilities in a ~ 93%
hermetic detector. No additional particles are produced apart from the DD pair leading
to a clean environment. This allows measurements of the strong-phase parameters when
the D mesons are reconstructed in the required signal decay modes. The rate of a typical
¥(3770) — D(— S)D(— T) decay chain is given by,

Isr = \(STWJHQ x (7%)2 + (7"5)2 — QR%Rgr%rgcos(A5% — Aég). (3)

Analysis techniques and key results for the mentioned hadronic decay modes are summarized
in the subsections below.

3.1 K¢ hth™, (h=m K)

The three-body self-conjugate final states Kg/LﬂJrﬂ* and Kg/LKJrK* proceed through
a rich variety of sub-processes and therefore the total decay amplitudes possess non-trivial
resonant substructures on the two-dimensional phase-space (s K, b SKY, n—) of the final
decay products, known as a Dalitz plot. Therefore, instead of using an average value for the
strong-phase parameters over the entire phase-space, the Dalitz-plot is binned into various
bins subject to minimum variation in Adp within individual bins and sensitivity to vy [6].
The parameters of interest are cosines and sines of strong-phase differences, averaged out
in the individual bins, 7 of the Dalitz-plot [5]:
I AD||Aplcos(sin) Adpdx
ci(si) = = = . (4)
VI, [ApPdx [, | Ap|2dx

The central idea is to reconstruct signal D — K /Lh+h_ (h = 7, K) events tagged by
states with known C'P content, e.g. KK~ or t7~ 7% and by a K{hTh™ state, the yields
of which are the observables in these analyses and are sensitive to ¢; and s;. Likelihood

functions consisting of Poisson probability density functions in double-tag yields for var-
ious tag modes are minimized simultaneously to extract ¢; and s;. In these analyses, an
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Figure 1: Missing mass distribution in K{n 7~ vs. K{nt7~ double-tag events with one pion as
missing track.

approximately three times larger dataset than the previous analysis from CLEO is used. In
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addition, extra C'P tag modes, ntn 70, KE?TOWO, are incorporated that provide more con-
straints. Furthermore, to achieve improved efficiencies, partial reconstruction techniques
on some multibody tag modes are employed in the K§w+7r_ analysis as shown in Fig. 1.
The ¢;, s; results for the two signal modes are shown in Fig. 2. The propagated uncer-
tainty on 7y from the K§7r+7r_ and K§K+K_ decay modes are expected to be 1.2° and 2.4°

respectively |7, 8].
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Figure 2: Measured model-independent c;, s; values for K3 n~ (optimal binning) (left) and
KJKTK~ (equal Adp binning) (right) modes compared against the 2010 CLEO results and the
2008 BABAR model-dependent values [7, 8.

3.2 K atn 7t and K nt#°

The parameters of interest for the flavor state decay modes K~ nt7~ 7t and K~ ntx°
are the average coherence factors R% and strong-phase difference A(S‘g. However, in this
analysis strong-phase parameters are also measured in bins of the five-dimensional phase-
space of the signal mode K~ w7~ 7. CP specific states, flavor states with same kaon
flavor as that on the signal side (like-sign, LS) and mixed C'P state (K77 ~) are used as
tag modes. The observables for strong-phase calculation with the signal versus K[S]7T+7T_
tag mode are simply the double-tag yields. For the rest of the tag modes the observables
are ratios of the measured yields to the expected yields under no quantum-correlation hy-
pothesis, denoted by p‘é’l;r and p‘ZST Measurements on these observables can be made using
branching-fraction information of the signal and tag modes for the incoherent normalization
together with the double-tagged signal yields. The functions outlined in the subsections
below express the p observables in terms of the average strong-phase parameters.

CP tag
For the CP tag modes, the parameters rg, RZ; and Aég are 1, 1 and 0 respectively.

Therefore, the expected pop observables are given by,
2R3 cos(AGD)
1+ (r$)?

ST
peip =1- 2Flp, —1)

(5)

where, .ng+ is the C'P even content of the tag mode. It is to be noted that due to limited
precision on various C'P tag decay mode branching fractions, the incoherent normalization
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part in the calculation of the observed value is manipulated to be written in terms of the
D — K branching fraction and K« vs. CP double-tag yields. Departure from the nominal
value of one for all the C'P tags indicates significant coherence.
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Figure 3: Observed pg’; for § = K= 3r (left) and S = K—nn" (right) overlayed on the
incoherent value of 1. Blue bands indicate +10 of the average values for each of the four observables

19]-

Like-sign flavor tag

These are the tag modes that have kaons of the same flavor as that on the signal side, for
example K~ 7" vs. K~ 37 and K~ 37 vs. K~ 3n. Coherence features are significantly more
dominant in the same sign decay topologies as compared to the CF opposite sign decays.
As an elementary example, the expected prs observable for the decay type K~ 37w vs. K~ 3w
is given by,

pé(g37r,K*37r -1_ (R5*37r)2. (6)

For the normalization in the calculation of prg observed values, the CF opposite-sign double
tag yields are used for their large statistics.

KirTn~ tag

Extensive strong-phase parameter studies on K, g7T+7T_ decay mode have been performed
and the latest is also reviewed in these proceedings. The observables are just the double
tag yields (Y;) in bins (i) of K{r ™7~ phase-space as mentioned in Sec. 3.1. The expected
yields as functions of the strong-phase parameters are given by

Yi=h (Kl + (rp) 2K _;j — 2 RS /K K _i(cicosASD) — swinAS%)) . (7)

A x? fit is performed with all the functional observables associated with CP, like-sign
and K§7r+7r_ tag modes constrained to their measured values. The fit results, i.e. Rp and
Adép, are shown in Fig. 4 that suggest significant reduction of the allowed regions, especially
in 30. A similar x? analysis is also carried out in bins of K77~ 7T phase-space bins and
the hadronic parameter results are shown in Fig. 5.



Measurement of strong-phase parameters at BESIII Anita Lavania

F 350

& 3000 BESIII

g sl L) A%2=2.30

¥ F I Ay°=6.18

i & oo B AX=11.83

;foo 150E

& E CLEO<

r 100 Ay?=2.30

r S Ax?=6.18

: S0 — Ay?=11.83

o:uu\uu\uu\uu\uu\uu\uu\uu\uu\uu O:HH\HHMwu\uu\uu\uuhuw\uu\uu\uu

0 0170203 0.4 05 06 0.7 0.8 09 1 0 010203 04 0506 07 08 09 1
I:{K31t RKmt“

Figure 4: Ax? scans on average Rp,Adp fits compared with the previous CLEO results [9].
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Figure 5: Ax? scans on Rp, Adp fits in bins of K~ 37 phase-space [9].

4. Summary

With 2.93 tb~! of DD dataset at BESIII, updated and more precise measurements on
strong-phase hadronic parameters for the decay modes K{ntn~, KJKTK~, K~3m and
K~—nt70 are presented and these results shrink the charm input systematic uncertainty
onto v upto 1.2, 2.4 and (f?)o degrees [7-9], respectively.
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