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Outline

<« Introduction

+» Method to measure y

+» Recent strong parameters from BESIII
« Future prospect of y

< Summary
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Why measure y

Vud Vus Vub
VC KM — Vcd Vcs Vcb
th Vts th

Indirect measurement

g
Amy & Amg

4 nep Do,
3 r A
Extrapolate y from measurement of o
and 3

Measured using loop-level decays:
sensitivity to NP
CKMFitter latest: y = (66.319:7)°

Disagreement = New Physics!
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« Measure vy directly using tree-level
decays

« Theoretically clean(dy/y<107)
[JHEP 1401(2014)051]

« HFLAV latest: y = (65.9%33)°

« LHCb dominated: y = (63.8%3:5)°
[LHCb-CONF-2022-003]



How to measure y directly

« Interference between favoured b->c and suppressed b—->u decay amplitude

+ ldeal decays: B->DK (clean background, large branching fraction)

.‘0 0.‘ ' L :- -.:
Voo T @ A

Clean test of standard model

A(b — u)/A(b — ¢) = rge?BE?

rg = magnitude ratio (~0.1)
dg = strong-phase difference



GLW method [1.2]

« D CP-even final states such as D> K*K-,n*n, ntnnO...
DK x 1
B+ T~ [h*h=]pK+
\ EOK+/C\1 Changing flavours: CA(B+ h+h ] K+) o<1 + rBe_i(65+Y)

sign of y changes A(B N [h+h ] K_) X 1+rB€_i(5B_y)

« Use the yields of B+ and B- to construct observables related to y

. NB™ > fok)=NB* = fok*) Zippsindgsiny
" N(B~ - fpK~)—N(B* - fpKt) RS insert a factor of (k=2F,-1) before

N(B~ - f,K~) — N(B* - f,K¥) interference terms (F,=CP even
- — - .

R = D D =1+ 12 W content), need charm input

N(B~ > [KnlpK—) — N(B — [Kmlpk®) |0 " </BCoseBeosy

Notice rg/d5 need input

[1] M. Gronau and D. Wyler, Phys. Lett. B265 (1991) 172
[2] M. Gronau and D. London, Phys. Lett. B253 (1991) 483 S



ADS method!!:2]

+ Consider the Cabibbo-favored decay D°->K-n* and doubly-Cabibbo-suppressed
decay D> K*r

& rge~i(E5+Y) D0K+ o 1
B+ T (K-, K+

T DKt

+
(04 rpe

+ I'gldg can be obtained directly, but external input rp/dp

[ Ag=37(0) At o (x)dx Need inputs from charm factory

RK3 e_i5K37T —
" Ag-3n () A+ 37(x) For K3n mode, coherence factor Ry, and 8,
averaged over phase space not good for whole space

[1] D. Atwood, |. Dunietz, and A. Soni, Phys. Rev. Lett. 78 (1997) 3257 6
[2] D. Atwood, |. Dunietz, and A. Soni, Phys. Rev. D63 (2001) 036005



Dalitz method!!

+» Golden mode: D>K_ /KKK (large statistic, large rp)
Model-dependent method (not used now)
Model-independent binned method (BPGGSZ method!l])

<« Binned Dalitz plane according to 65, measure B* yields in each bins

Sensitivity from phase-space distribution, not overall asymmetries = not impacted by
production/detection asymmetries JHEP 02 (2021) 169

LHCD latest K hh result: y = (68.712:2)°(uncertainty~1° from BESIII input)
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[1] A. Giri, Y. Grossman, A. Soffer and J. Zupan, Phys. Rev. D 68 (2003) 054018



Quantum correlated DD measurement

y(3770) is a spin -1 states, therefore the amplitude of y(3770)->DD:

(|D°)| D% —|D%)|D%))/\2 [anti-symmetric wave function]

The amplitude for two D mesons to decay to states Fand G is [D. Atwood and A. Soni, PRD68, 033003 (2003)]:

[(F|G) =T, [A242 + A2 A%

— 2RpR;ApArAzAcos[8h — 68]]

The coherence factor k- and the strong phase difference §, can be extracted

+
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The DT mode K*K™ vs. K.°t*nt~ 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'x=",K'x s, K'xx x",KTe D,
CPeven KK~ ,wtw™, ]\“ “, & 1\}’ 70, 1+ ;70
C' P-odd Ks=n°’, Ksn, Ksw, K ”r)' Kin’=°

Mixed-C' P Ken*n




The BESIII experiment

Key datasets for charm physics:
= 2010-2011: 2.9fb~! at 1(3770)
e 2013-2019: 7.3fb~! of DsD?

o 2020: 4.5fb~! of ATAZ
—> 2021-2022: 5.0fb~1 at +(3770)
= 2022-: ~ 8fb™! at (3770)

7.9 fb'1y(3770) data is ready for physics

20 fb1(3770) data will be obtained in 2024

Peak luminosity (cm ™ “s

1x103}

8x10%}

—

(=}

X
o

x 1032 |

4% 10*

e Estimation

. e Data taking time > 14 days
ng time < 9 days

e Data tak:

| 3.08x10% (—

1.0~1.7GeV

vvvvvv —T —T T I
- S 1.89\4
1.7~1.89GeV ., Enx0.91x (2:£2)
En 4

33 :
1.0x10 (1.89 1.89-2.085GeV

luminosity

En ]4

1.54

BE

14 1.6 1.8 2.0
Beam energy (GeV)

PCIl peak luminosity.

Threshold produced y(3770) — DD provide a unique access to
strong parameters information for y measurement at LHCb/Bellell
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Results In this talk

Update measurement of §,. EPJC 82 1009 (2022)

D>K /K-t strong parameters measurement JHEP 5(2021)164
D->n'nrntn~ F+ measurement PRD 106 (2022) 092004

D> K*Kntn~ F+ measurement PRD 107 (2023) 032009

D>K.nnn’ F+ measurement PRD 108 (2023) 032003
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Update measurement of o

EPJC 82 (2022)1009
Based on 2.9 fb! data

More modes are used comparing to previous work ( PLB 734 (2014) 227)

D->K, X included (statistics improved a lot) = Independent determinations their BRS
D->K4/K, e included

_ —2rg7T cos(dkr)+y
Asymmetry between CP-odd and CP-even eigenstate decays to Kn: Akr = 1+ (K72
D
D->Ks/K mtw in bins: Yix (K,- +(rp")?K-i = 2rp™ K,-K_;[c,- C05(55”) =5 Sin(%”ﬂ)
Combine these modes: o187 B
K _ 18.9+45.410 o p B i | e
6D _ (187'6—97—6.4) CP even K]f({zf”igo %—* lfj ()fi; 4_‘ . ..' D =K
Used in latest LHCb v fit (LHCb-CONF-2022-003) Ko e g o “ F =
Also BRs: . J L
e * oo |
B(D° — KPn°) =(0.97 +0.03 +0.02) x 10~° i, e |
st (yamw —e— ’g Onlz; D - Kirrw
B(D° — KPw) =(1.09 4+ 0.06 4 0.03) x 1072 CPad [ . d ol
B(D° — KPmO7%) =(1.26 £ 0.05 + 0.03) x 1072 Bl ~a oo | s
A I I IS IR N USRSV
Analysis with 8fb* data is ongoing L ek B mber



> K-mrnmt/ Ko st t t
D2>Krntnrnt/Krtn’ strong parameters measuremen
JHEP 5(2021)164
3 350F 350
Based on 2.9 fb! data : :
300 300} BE28III
250 — 250;— E ﬁj:g?g
.. . & 00l & ool MM AY=11.83
Similar analysis strategy : ** I
W 1500 %S 150
a r CLEO-c
= CP tags 100} 100[ = AX2=2-30
. : F o AY2=6.18
= D->KJ /K nr included S0 sof — Ax®=11.83
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RK31‘E RKML“
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300F
A binning scheme for &, (PLB 802(2020)135188 =
K3n 200,
— e
- - %:'6150;—
Obtain corresponding 8y, and Ry,
Parameter Global fit Binned fit g 50;’
Bin 1 Bin 2 Bin 3 Bin 4 6020304050607 0809 1 01 0503040506070808 1
R S R e T AW — ™
5Kan (167730)°  (1317124°  (15073)°  (176+3])°  (274719)° SDUE-Eiiz:gfg 300
D —19 ol s U _3g -1 —30 osof. I A°=11.83 250
[ -+ Prediction
rE3T (x1072)  5.46+£0.09 5441045 5801014 5751041 50gt014 Q;f;fzz C %‘;fzz
Rycnno 0.78+0.04 0.80-£0.04 oo 10
502— 50
55”0 (1961‘1;)0 (200 =11)° Gﬂ 010203040506070808 1 001020304 0506070805 1
HKZ:r RKEa[

rEmm (x1072)  4.4040.11 4.4140.11 12




e y from B* - D[KTn*n*rt]h* decays

% Large CPV observed in local bins! JHEP 07 (2023) 138
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Comparable to golden mode!
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D=->nnrtn FT measurement

Based on 2.9 fb! data
Br(nnrr) = (7.56 £ 0.20)%103
Similar analysis strategy as previous

CP tags

NDT

NST

Ks/K it included

M;=h [Ki VK — 20K (2F, — 1)}

M! =} [K; + K, 420 KK (2F, — 1)}

Combined: F!™ = 0.735 + 0.015 4 0.005 ,

Consistent with previous results, but more precise

This result is used for y measurement in LHCb

EPJC 83 (2023) 547

PRD 106 (2022) 092004
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CP eigenstates 0.7212£0.019+0.007
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D — K% nta™ 0.75420.031%0.009
Combination 0.735+0.01540.005 14
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D> K*K-rttt~ F* measurement

PRD 107 (2023) 032009

Kgm ——
Based on 2.9 fb! data e .
Kdn —
Kano ——
Br(KKnr) = (2.47 £ 0.11)x103 cntT| ThoTeTedm
SK(L’n? —e— - F, fit projection
02 3456789
Similar analysis strategy as previous Effective BF(D-K'Kw) (107)
;S-j 12 KtYK=mtr™ vs Kintr™
. . ] o > 10 Bin 1 I
Partial reconstruction method to improve statistics 2 g |
Finally: F, =0.730 4 0.037 + 0.021 3 2 # +T %ﬂ'
$1s 'o.'22' | 026 0‘3‘ 034 ‘038
2 (GeVZcY
This result is used for y measurement in LHCb o 05 —
EPJC 83 (2023) 547 o o4 et
b
"o RS T 7]




Based on 2.9 fb1 data

D>K.nn’ F* measurement

Br(Ksntnn%) = (5.2 £ 0.6)%

Similar analysis strategy

Consistent with CLEO-C’s result, a factor 1.7

times more precise

Method

Fy

CP-tag modes
7T~ w° tag mode
7tr 7T~ tag mode
Self-tag modes

KSLT‘T T

0.229 = 0.013 == 0.002
0.227 == 0.014 = 0.003
0.227 =0.016 = 0.003
0.244 = 0.019 = 0.002
0.244 == 0.021 = 0.006

Combined

0.235 == 0.010 = 0.002
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PRD 108 (2023) 032003
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0.1

Future prospects for y

X . LHCH « Status now:
+  World Average Error for y is about 4°
+ ) BESIII contribute about 1°
’ « Around 2030
Full combination Less than 1° will be achieved
e ' BESIII 20fb ! data > improve the error to <0.5°
includes Belle |l
projections o (>)2035
5 23 50 300 LHCb upgradell > sensitivity <0.4°
Integrated Luminosity [fb™] Need more charm factory data (STCF)
dataset Int. Lum. year sensitivity
LHCb Runl (7,8TeV) 3fot 2012 80
LHCb Run2 (13TeV) 6 fb- 2018 40
Bellell Run 50 ab 2025 1-2°
LHCDb upgrade (14TeV) 50 fb! 2030 <]0
LHCb upgradell (14TeV) 200 fb (>)2035 <0.4°
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sSummary

« 10 years of measurements have been game changing for flavor physics

« Now precision of < 4°, many more modes still need to add!

1.5 [T I LI I B T T T 1 T T T 1
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» BESIII (STCF) will play important roles for the charm inputs
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» v no longer the least precisely known of the weak phases!
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LHCDb y combination

«» Best knowledge of y comes
from combination of many
measurements

< Maximum likelihood fit
m 173 observables
= 52 free parameters

«» Most precise determination of y
by a single experiment:

y = (63.8%33)°

70

80

T I 1
LHCb -

Preliminary

October 2022 —

90

Y %]
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Input parameters

Decay Parameters Source Ref. Status since
Ref. [14]

B* = DK** Rk LHCb [33] As before
BY » DK+0 chf{" " LHCh 53] As hefore
BY - D¥ g+ 3 HFLAV [13] As before
B? — DFK*(nm) o HFLAV [13] As before
D— Ktn- cos 087 sin ok~ (ri7)2 22,y CLEO-c [27] New
D— Kta Ay, A}r{’:r“n, ri™ cos 087, riTsindk®  BESIII 28] New

D — hth—7° F:ﬁn, FEKKH CLEO-¢ [54] As before
D atr~nta~ Ff CLEQ-c+BESIII 26, 54] Updated
D — K+g—x® pKmn® gEwn® o Kaa® CLEQO-c+LHCb+BESIIT  [55-57] As before
D — K*pFgtg~ phsn gEin o Kix CLEO-c+LHCb+BESIII  [49.55-57] As before
D — KK*n*¥ TEEKH._ JEEK“, Fcﬁﬂkﬁ CLEO 58] As before
D — KeK*r* ngkﬁ LHCb [59] As hefore
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