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Why D meson decay? QCD

Take V_, from fits to CKM Similar to leptonic decay but now | Models of hadronic decay
assuming unitarity and measure f | g (= four-momentum of W) e lIsospin
dependent « SU(3) flavour
Precise test of lattice QCD in » Different amplitudesT, P, A, E
charm and extrapolate to beauty | Test QCD models of the form * Long and short distance effects
factor
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Why D meson decay? CKM and LUV

LUV tests

/ in 2"d generation

Géfo, m?
y 2 s
r(D(-:) i l,'+1:/¢) = 87\’” ivcd(s)|2m[ mD(‘:J 1- ,)i

D° - Kdm*m~ Dalitz binning

N [ [Z -] ~ ]

o =

FLIP IT! Model-independent
Take decay constant and form-factor predictions determinations of Yy and charm
from QCD mixing/direct CPV requires strong

Measurements of V_, to test the unitarity of the CKM | phase measured with quantum
picture correlated ¥(3770) — D°D°
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The “single vs. double-tag” techniques

*Threshold production means that no other particles are produced along with
the DD or DD* pair

“Full event reconstruction “double tag” possible

v’ Advantages

1. absolute branching fractions

2. full kinematic constraint to reconstruct v or neutron/KLO), and K-

3. low backgrounds (i.e. amplitude analyses) 7 Tf: Signal side
xDisadvantage z_

reduced reconstruction efficiency A P(3770) e

but still 0(10%) c.f. FEI at Belle KT
Tag SIdE B Cartoon from
T L. Dong’s talk

at ICHEP
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Phys. Rev. D 89, 051104(R) (2014) Phys. Rev. D 92, 072012 (2015)
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DT 51"V
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PRL 123, 211802 (2019)

Leptonic measurements: DT - 7 (- ntv)v

Muon-like in EMC

" 6 tag-modes and single track on
signal side
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PRL 123, 211802 (2019)

Leptonic measurements: DT - 7 (- ntv)v

Pion-like in EMC

" 6 tag-modes and single track on T e e
signal side - 1o
25__m2é-
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PRL 123, 211802 (2019)

Leptonic measurements: DT - 7 (- ntv)v

Pion-like in EMC

" 6 tag-modes and single track on T e e
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PRL 123, 211802 (2019)

Leptonic measurements: DT - 7 (- ntv)v

Pion-like in EMC

" 6 tag-modes and single track on A A e A
signal side =~ f
S 5
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Aside: DCS decay
Dt - K*'n*n n®




Motivation and strategy

Test the naive prediction that DCS decay should be suppressed by a

factor tan* 0.~2.9x1073 with respect to CF decay

Not so many measured — clean double-tag sample at BESIII allows
previously unobserved decays to be searched for particularly multi-body

decay including D™ - K*n ¥ and Kt w

In addition D—>PV SU(3) test

80f Do Knn

=x)
=
T

Three high purity D~ tags inc. CF partner

b .
= =
= T

1.15 million single tags
Then 2D fit to My —signal vs. tag D
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Signal extraction g cecay, Do sene
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ReS U \ts arXiv: 2007.07674 [hep-ex] accepted by PRL

B(D" - K'e)=(5.73+0.2)x10°°

First observation with 3.3 o significance — no CF analogue — agrees with SU(3) predictions
that incorporate symmetry breaking - Q. Qin et al. Phys. Rev. D 89, 054006 (2014)

B(D" > K'z'7 7°)=(1.13+0.08+0.03)x10°*
=(6.28+0.52)xtan* 6, xB(D" > K 77" 7°)

Big isospin violating effect i.e. not seenin D - Ktn*n ™
Aad A 8
Maybe FSI?

Only way to learn more is more data and amplitude analysis
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https://arxiv.org/abs/2007.07674

Quantum correlated
decays




Quantum correlated decay: Why y?

o I
? [ WLYT®.  CKMfitter 2019
0.8~ | Aaw
| N |
: ’jﬁ% ‘ i — +54)°
0.6 - §§§}, [ Combined Y measured — (72 1— 5.7 )
. L oo °
0.4 / A |7 - . +0.90
o / .................................. ; .. ............................................... % ....... B 7/ predicted ~ (6566— 2.65
- / ; ] / / .
0.2~ % £ 31// ' / i . 22 14+0.69 °
- % leeasured — " 0.67
% 50 100 150

¥ [°] NP could lead to 4° effects

Not including LHCb-CONF-2020-01 e.g. PRD 92, 033002 (2015)

Principal experimental goal in CKM physics in the next
decade is to reduce uncertainty to 1°
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Measuring . B—>DK

U
A VP
W — S
o C >
B O A ODO B—O W~
{7,
Same final state for D and D = interference = the possibility of DCPV Many modes required

Different types of D final states generally used to get good precision
1. Self-conjugate multibody states: K;h*h~ [Dalitz/BPGGSZ] because of the small

Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003); Bondar (unpublished) branching fractions
2. CP-eigenstates [GLW]

Gronau & London, PLB 253, 483 (1991), Gronau, & Wyler, PLB 265, 172 (1991)
3. KX (X=n",n n° nmn m*)- CF and DCS [ADS]

Atwood, Dunietz & Soni, PRD 63, 036005 (2001)

involved but need to
know the D dynamics
too
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Dalitz model-independent method

Binned fit proposed by Giri et al. [PRD 68 (2003) 054018] and developed by Bondar &
Poluektov [EPI C 55 (2008) 51; EP) C47 (2006) 347] removes model dependence by

relating events in bin i of Dalitz plot to experimental observables.

B* events in bin Number of events for X = rgCOS(OgF ) i
i of Dalitz plot flavour-tagged D sample Vs = Mg Sin(8g% ) 251

N =h(Ky+r5Ke; + 2K K (zic; +yis;))

l‘im [
= i

c;s;: average in bin of cosine, sine of strong phase difference 1t

Choosing bins of expected similar strong phase difference
maximises statistical precision — currently 16 bins

3 [ T

/

Loss in statistical sensitivity w.r.t. unbinned result...(here ~20%) but no model error!
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Quantum correlated measurements

At the v (3770) neutral D pairs produced in quantum entangled state:
+ A r 1 PnO[0 _ ["ORO
e'e” >y" >+ D’D°-D°D’ |

ee >y —> % Dep_Dep, = Dep, DCP—]
where D, =+ D°+D° |

Reconstruct one D in decay of interest (eg. K.nr), & other in CP eigenstate (eg. KK, K 10
...) then CP of the other is fixed.

S
CPtag ~ MF %(Ki LKy 4 200 VE Ky
f

Kzrtag M ; = > (K; K7+ K7K; — 2\/K; K5K7K ;(cic; + 8;5;))
f
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Yields

PRL 124, 241802 (2020)
PRD 101, 112002(2020)

2.93 fb! of data compared with 0.82 fb=! for the only
previous measurement by CLEO - PRD 82, 112006 (2010)

New final states: CP even ntn~m% and K (m°n)n*tm™

where one " is not reconstructed

Events/0.005 GeV?/ ¢*
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Results

PRL 124, 241802 (2020)
PRD 101, 112002(2020)

Three different binning schemes

Fit binned quantum-correlated yields to

extract c;and s,

Lo,

5;

OO =] O LA e Lk [l e

—0.034 £0.052 £ 0.017
0.839 + 0.062 £ 0.037
(0.140 £ 0.064 + 0.028

—0.904 £ 0.021 £ 0.000

—0.300 £ 0.042 £ 0,013
0.303 = 0.088 £ 0.027
(0.927 £ 0.016 £ 0.008
0.771 £0.032 £ 0.015

Statistically dominated

Systematics from assumptions of including
KOLpipi and flavour tag
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1.047 + 0L,055 = 0.019
0.884 + 0.191 £ 0.043
(.228 £+ 0.066 £ 0.015
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Optimal binning scheme used fory
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LHCb-CONF-2020-01 and
A. Poluektov talk tomorrow

Impact ony ;

0.84{ LHCb B* — DK= |

preliminary

Used in the most precise single
measurement of y to date

NG

Systematic from the ¢, and s,
measurements approximately ~1°

- NE)/N

—i

(

R-T7T-6-5-4-3-2-11 234567 8-2-112
Effective bin ¢

-We have also measured D° - KQKtK~
strong phases:

- 12% more data in the y measurement
- arXiv:2007.07959 [hep-ex] (acc. PRD)
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Conclusion and outlook

Presented highlights from BESIII related to CKM in last year:

- Observation of D—tv, surprisingly large rate for DCS decay D* - K*n*n~r° and
new generation of ¢, and s, measurements that result in y systematic of ~1°

Many other results in open charm

- 12 other papers submitted since Beauty 2019 (see backup)

- also many results in spectroscopy see Zhentian Sun tomorrow

Future Physics Programme at BESIII - Chin. Phys. C 44, 040001 (2020)

-20 fb~tat y(3770) — planned during 2021-2022 running

- more precise CKM, LQCD and LUV tests and strong phase measurements

- hadron branching fraction and amplitude analysis particularly multibody

BEAUTY 2020 25
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10.

11.

List of other results — since Beauty 2019

Search for rare decay D& — ppe*v — PRD 100, 112008 (2019)

Measurements of BFs for D — nmr — PRD 101, 052009 (2020)

Measurements of Branching Fractions for D* — wu*v Decays — PRD 101, 072005(2020)

First measurement of D* — nutv - PRL 124, 231801

Measurements of the absolute branching fractions of the exclusive D° - nX decays - PRL 124, 241803(2020)
Study of D — PP —JHEP 2020, 146 (2020)

Analysis of the decay D° — K§’K+K‘ - submitted to PRD - arXiv:2006.02800

Measurements of the Cabibbo-suppressed D° — n/wmm decays - PRD 102 052003 (2020)

Searches for D — b;(1235)e*v — submitted to PRD - arXiv:2008.05754

Measurements of Branching Fractions for D° - mnKK Decays — submitted to PRD - arXiv:2007.10563

Measurement of absolute branching fraction of the inclusive decay A, — Kbp + X —accepted by EPIC -
arXiv:2005.11211
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