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Outline
= BEPCII/BESIII

= Hadronic decays of charmed hadrons

> Measurements of strong-phase parameters

> Amplitude analysis for D" decays

® Summary



( 2009 start of BESIII data taking
\¥ Center-of-mass energy: 2.0-4.95 GeV
"‘ ;, p Designed luminosity : 1x1033 cm2s!
7 7| Achieved Design Luminosity on

*_ Apr 5t 2016 : 1x1033 cm2s-1




1 T magnetic field

et
RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

gt T—

0 MDC:

op/p: 0.5%@1GeV/c
Gye/dx: 6% for electrons

BESIII Detector

Electro Magnetic
Calorimeter Csl (TI)

RPC: 8
ayers

O TOF:

O EMC:
G 68 ps (Barrel)

oE/VE: 2.5(5.0)%@1GeV
110 ps (Endcap) for barrel(endcap)



BESIII Collaboration

s Europe (17)—

Germahyi Bochum Ruhr Univ., GSI Darmstadt,
" Helmholtz Institute Mainz "J'ohannes;?Gutenberg
Unw of Mainz, Justus- Lleblg Umv -'G1essen Univ. *

CARADA

USA (5).

Carnegie Mellon Univ

-of Miinster, Univ. of Giessen; Russna Budker- .
Institute of Nuclear Physres, Joint Instltute for ...

MITED STATES

Indiana Unlv

........

Nuclear Research; Italy: Ferrara Univ., iNFN
Univ. of Minnesota, - ' Laboratori Nazionali di-Frascati, Un|v of Turm
= The Netherlands : KVI—CAR’F’Urml of-Gronmgen

Univ. of Rochester, o Sweden: Uppsala Univ:'“

Univ. of Hawaii,

.....

Tu rkey Turkish Accelerator Cenl'er Parucle

hatar BHAZIL

Fqctory Group; UK: Univ. of Oxford, Umv af
Others In ASIA(9)} &

COMSATS Institute of Information Technology,
Pakistan,

Manchester. =

ety
-4
.

South-America (1)

Indian Institute of Technology, Madras, India . :
University of Tarapaca

Institute of Physics and Technology N_Iongqlia,
Seoul National Univ., Korea, Iz
Tokyo University, Japan
Univ. of Punjab, Pakistan

Suranaree Univ. of Technology, Thailand
University of Lahore, Pakistan

China (48)
wussia |HEP, Beihang Univ.,
Beijing Institute of Petrochemical Technology,

""CCAST, Fudan Univ., Guangxi Normal Univ.,
™ Guangxi Univ., Hangzhou Normal Univ.,
_.« Henan'Normal Univ., Henan Univ. of
<~ Science and Technology, Huazhong Normal
~Univ,, Huangshan College, Hunan Univ.,
Hunan Unl_\_l_ Hunan Normal Univ., Institute
of modern Physics, Jilin Univ.; Lanzhou
Univ., Liaoning Normal Univ., Liaoning Univ.,
Nanjing Normal Univ,, Nanjmg Univ., .
Nankai Univ;, Peking Univ., “Qufu:Normal
Univ., North China Electric Power Univ.,
Shanxi Univ., Shanxi Normal Univ.,
Shandong Normal Univ., Shandong Univ.,
Shanghai Jiao Tong Univ., Soochow Univ,,
South China Normal Univ., Southeast Univ.,
‘Sun Yat-Sen Univ., Tsinghua Univ., Univ. of
Chinese Academy of Sciences,

Univ. of Jinan, Univ. of Science and Technology of
China, Univ. of Sciences and Technology
Liaoning, Univ. of South China, Wuhan
Univ., Xinyang Normal Univ., Zhejiang

Univ., Zhengzhou Univ.

BESIIIT: ~500 members from 80
institutes in 17 countries.



Data for charm hadron studies at BESII|I
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Measurements of strong-phase parameters

d Phase angle v/¢, is the only CKM angle that can be measured in tree-

level processes, in which the contribution of non-SM effects is expected to
be small [JHEP 01(2014)051].

1 Measurement of y provides a benchmark of the SM with negligible

theoretical uncertainty.
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AN improved knowledge of the measurement of y (precision: ~1°, >5c) IS
Important to further test the SM and probe for new physics.
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Measurements of strong-phase parameters

 Phase angle y/¢5 can be measured by studying the interference
between B-=>D%K- and B> DK

DY A(B~ - D°K™) = Ag4,

A(B~ = D°K™) = Agrgel®B V)45

where ry is ratio of suppressed to favored amplitudes, &, is the strong-phase difference
between the favoured and suppressed amplitudes.

 Generally, three methods were proposed to measure v/¢:

v GLW [ via D°>CP eigenstate, K*K, wtn, KLn° etc. Strong-

v" ADS 12I: via D% CF and DCS, such as K*n~, K*nn%, K*nnn* etc. phase are

v GGSZ Bl: via with D°->Multi-body self-conjugate decays, K°m*n-etc.) Key inputs.
[1] M. Gronau, D. London, Phys. Lett. B 253, 483 (1991); M. Gronau, D. Wyler, Phys. Lett. B 265, 172 (1991).

[2] D. Atwood, I. Dunietz and A. Soni, Phys. Rev. Lett. 78, 3257 (1997).
[3] A. Giri, Y. Grossman, A. Soffer and J. Zupan, Phys. Rev. D 68, 054018 (2003).



O ADS approach [D. Atwood, |. Dunietz and A. Soni, Phys. Rev. Lett. 78, 3257 (1997) ] :
B-—=> DK~ with D>Knm, such as: D>K3r, Knr? etc.
(B~ — (K+3TF)D K™) o< rp + (rgh) + 2Ry - cos(p + 0577 — )
where R;. is coherence factor, and §,%*" is averaged strong-phase difference.

O GGSZ approach [A. Giri, Y. Grossman, A. Soffer and J. Zupan, Phys. Rev. D 68, 054018] :
B~—> DK~ with D->Multi-body self-conjugate decays, K, ,°n*rn~, K,,°K*K~ etc.
Amplitude: dT(BX — DOKE) = |fp(m3., m3)1>+ 3| fp(m2, m3)[2 +2rp|fp(m3, m2)||fp(mZ, m3 )|

X [cosAdpcos(dg + ¢3) + [sinAdpsin(dg £+ @3)],

3

o

3 1 "Phys. Rev. D 68, 054018

Adp in (0,27) The strong-phase

difference (Aop)
calculated based
on “Babar 2008”
. Model.

M (GeV?/c?)
M2 (GeVZ2/c?)

M2 (GeV?/c*) M (GeV?/e*
The strong-phase’interference between D° and D° can be parameterlzed as:

I -

16 = g Ji1fo(me, m2)l[fo(m2, m3 ) cos[Adp (., m2 )] dim? dm? =Eat.;ong lisha(se dlffirjncis (m?.m2]
= m2 m% . m

isf‘: ,—éF_jL\fD(m%r.m%)HfD(mz_ mi)\sm[AOD(er )]dm+d m? i > AL L +

where ¢; and s; are the amplitude-weighted averages of cosAd, and sinAd, over each Dalitz-plot bin.



Strong-phase parameters in D> Kt~

1 Three typical binning schemes [Phys. Rev. D 82, 112006 (2010)]
— 3=
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no background included] backgrounds]

v' “BaBar K-matrix” D°>K.L*n~ model as in Ref. [Phys. Rev. D 78, 034023 (2008)].
v' It should be noted that although the choice of binning is model-dependent, however, a
poor choice of model results only in a loss of precision, instead of bias in measuring y/¢;.

[1] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 122, 231802 (2019); JHEP 04(2016) 033.
[2] V. Vorobyev et al. (Belle Collaboration), Phys. Rev. D 94, 052004 (2016).
[3] R. Aaij et al. (LHCb Collaboration), Phys. Lett. B 718, 43 (2012); JHEP 10 (2014) 097; JHEP 06 (2016) 131; JHEP

08 (2018) 176. 10
[4] H. Aihara et al. (Belle Collaboration), Phys. Rev. D 85, 112014 (2012).



The Quantum Correlated DD meson pairs
Q y(3770) is a spin —1 state and therefore the amplitude of y(3770)>DODO:

(|D%)|D% —|D%)|D%)/y2 [anti-symmetric wave function]

The amplitude for two D mesons to decay to states F and G is [PRD68, 033003 (2003)]:
I'(FIG) =Ty [A%24% + A%A% — 2RpR;ApApAgAgcos[8h — 5511

O Hence, the coherence factors R, the strong-phase difference 8,5, can be
extracted based on the study of the quantum correlated DD meson pairs.

.0
K+
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e’ ‘ e’

DT .+ 47@ Opposite CP-eigenstate

- ;
T T

The DT mode K*K™ vs. K™~ is selected as an example.

v’ Single tag (ST) samples:
decay products of only one D meson are
reconstructed

v’ Double tag (DT) samples:
decay products of both D mesons are
reconstructed

v Some typical reconstructed D decay modes

Tag group

Flavor K'n,K'n o, K'n o n ,Ke b

CP-even KVtK - ,ntn, Kin'z", K}n% ntn—x"
, 00 gl 0 g0 ¢ g0 _0_0

' P-odd K g, K g7, K g, K g1, K LT W

Mixed-C' P Kintm™

v Expected events for Kt*n~ .vs. CP-eigenstate:
fep+ = %[fo(mi._ m?) & fp(m*, m?)]
M:F = hepy(K; + 2/ KiK_; + K_;) 1



Strong-phase parameters in D> K Onn-

v" Results of ¢; and s; in optimal binning from CLEO experiments.

15 &LHCb Collaboration, arXiv: 1808.08865]
Phys. Rev. D 82, 112006 (2010) — 1 . -
= 97 B* — DK* GGSZ
© +
X * +

-7

get stuck at ~3.9°

x  With v N improvement
+  With current CLEO ¢;, s;

=1.5 : — Statistical
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v" The systematic uncertainty in measurement of y due to the input of strong-phase
parameters is 3.9° for optimal binning. The overall sensitivity of y is systematically
limited to ~3.9° for model-independent GGSZ approach.

v’ Therefore, improved measurements in c; & s; from BESIII are essential for degree- /eve/

precision of measuring yvia model-independent GGSZ approach.



w(3770)->D°D? samples at BESII|

1 BESIII is the only machine running at t-charm energy region. The
quantum-correlated studies are key to constrain the y/¢; measurement at
LHCb upgrades 1(2) and Belle Il experiments.

The largest y(3770) data sample
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v' Good performance of BESIII
detector: high tracking & PID
efficiencies; high purity samples.
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DT events for D>K, n*n~ in data
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Dalitz plots for D>Kg, n*n~ observed in data
O Effect of quantum correlation is immediately seen in Dalitz plots.
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The CP-odd component K%p(770)° is visible in CP-even tagged K.°n n~ decays,
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The strong-phase parameters (¢;() _s.00) in D>Kg, °nn-

v The ¢,() and s;() measured in this work, v The expected uncertainty for y with
the expected results and the CLEO results.  B>DK, D>KS .
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The strong-phase parameters in D2>K,, °K*K’

[Phys. Rev. D 102, 152008(2020)]
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Measurements of coherence factors in D2 Kttt

and D= K+ [JHEP05(2021)164]

O For D>K nm, the coherence factor Rg, the amplitude ratio ry and strong-phase
difference &, between the CF and DCS amplitude averaged over phase space:

—idS _ J AL (x)Ag(x)dx

Rse oy and 7} = Ag/As A(s)is the decay amplitude of D 2K
AgAg

O The amplitude for two D mesons decay to states S(single tag) and T(double tag):

L(s|T) = ASAT {(T%)z + (?‘E)j - QRSRT?‘%?‘E cos (5% — 5%)]

Like sign K-rntatn—, K—nt7a" K—nt
Flavour o o
Opposite sign Kt o nt, Kt a" KT
op Even KTK~, #tr~, K¢r7° I"D"r”', Kw, 7ta 70
Odd K27 Kon, K%w, K/, K¢, K 77"
s Iy 259 Ap
Self-conjugate Kint

v' For CP tags: T(S|CP) = AZA2, (1+(7D} —QARgrDcoﬁD)

v' For Like-signtags:  T(S|S) = A%A4%[1 — RY]

. . 2
v' For Like-signtags: Y 5=H (Ki + (7%) K_; — 2r3 RsvVEK . K_; [cf cos 8% — s; sin 55])

18



Measurements of coherence factors in D2 Kttt

and D> KtV

O Fitted central values for strong-phase parameters.
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Amplitude analysis of D> K*K-r*

» Hadronic decay D.*>K*K-n* is usually used as the reference mode (Large BF). The
improvement BF measurement is also important for D,* decay channels.
» Knowledge of the decay amplitudes can reduce the systematic uncertainties related to

the substructures.
> The BFs of D —» K*(892)°K* and D} — ¢(1020) n* measured in this analysis can

help to refine theoretical models. 3.19/fb@4.178 GeV

O DT method, recoiling against eight ST modes. [Phys. Rev. D 104, 012016(2021)]

2.5 i | I I I I | I I I I | I I ]
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O Amplitude results: O Absolute branching fraction by DT:
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Amplitude analysis of D.*2>K %g*nrf

» Hadronic decay D.,*2> K %n*nl is usually used as the reference mode. Hence, the
improvement BF measurement is also important for D,* decay channels.

» Knowledge of the decay amplitudes can reduce the systematic uncertainties related to
the substructures.
> The BFs of D - K*(892)°nt and D} — K*(892)*n® measured in this analysis can
help to refine theoretical models.

6.32/fb@4.178-4.226 GeV

O DT method, recoiling against eight ST modes. [JHEP06(2021)181]
The signals for DS*>K .’ selected from data samples.
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v’ Totally, about 600 signal events are observed from data.

v The purity of the selected data sample is roughly 86%. >



Amplitude analysis of D.*2>K %g*nrf

O Amplitude results:

O Absolute branching fraction by DT:
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Summary

BESIII had collected the largest data samples for study
of charmed hadrons, including D% D*, D" and A" etc.

A range of important and unique results had been
published In recent years.

BESIII will collected more 17/fb data at (3770)
resonance peak.

More important results are expected in charmed hadron
decays at BESIII.
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