Strong Phase Measurements at BESIII

Xinyu Shan
University of Science and Technology of China (USTC)
On behalf of BESIII Collaboration

CKM2021
22nd_ 26t Nov, 2021




Outline

»CKM Angle y/@;
* Measurement of y /@5
* Measurement of strong phase parameters

» BESIIl Experiment
 BEPCII & BESIII
* Quantum correlated D°D° sample at BESIII

» Strong Phase Measurement
e DO 5 Kdntm™
« DO 5> KKK~
e D> K ntn*n~ & K ntrn®

»Summary



Measurement of y /@,

» CKM Matrix » Measurement of y/¢@;
* Only source of CPV in SM * Measured in the tree level decay B - DK
7y can be determined in tree level * Inputs from D® - f and DY - f decays are needed
process with small NP effects and DK- o
theoretical uncertainty / \ ﬁg_ :goz—; = r5e!©8=7)
VeaVep \DK_/ A(DY - f) =Thet
[HFLAV & PDG2021]
= e > Extract y in different D decays :
e NG * ADS: CF and DCS decays (eg. Km, Kn®) « Ry, 55

[PRL 78 (1997) 3257; PRD 63 (2001) 036005]

e GLW: (Quasi-)CP eigenstates (eg. KK, m*n n®) « F,
[PLB 265 (1991) 172; PLB 253 (1991) 483]

021

« GGSZ: Multi-body Self-conjugate decay (eg. K{ntm™) « ¢;, s
[PRD 68 (2003) 054018; PRD 67 (2003) 071301]




Measurement of Strong Phase Parameters

> Quantum correlated (QC) D°D° decay at 1(3770)

ete” - (3770) > D'D° - fg
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f: signal mode

> Strong phase parameters of D° — f decay can be measured in quantum correlated D°D° data
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BEPCII & BESII!

4 MDC: small cell & Gas: A TOF: Barrel: o7 = 100ps | P et e
He/C3Hg(60/40), 43 layers endcap: o = 110ps Safelll‘l'e V|eW of BEPCII /BESIII
0p/p = 0.5%@1GeV, (60ps for endcap after | B S0l S it i W R e
. OdE/dx = 6% upgraded to MRPC in 2015)
EMC: Csl crystal. 28cm MUC: 9layers RPC
AE/E = 2.5%@1GeV, (8 layers in Endcap)
o, = 0.6cm/VE Ore = 1.4~1.7cm
Magnet: 1T Super conducting
—
: RPC: 8
ayers ayers
sC
Solenold Optimum energy: 1.89 GeV
; BESIIT - o1 : 33 om-28-1
arrel faitin i b Design luminosity: 1.00x 1033 cm-2s
i T;’F Data taking from: 2009
g %% Achieved luminosity: 1.00x 1033 cm-2s-
sc % ' \ N
Quadrupole N

i S=

[Nucl. Instr. Meth. A614, 345(2010)]
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Quantum Correlated D°D® Data at BESII|

> Quantum correlated D°D? produced at BESIII
ete” - (3770) - DDO
¢ 2.93ftb"!@E,,, = 3.773 GeV (~3.6x CLEQO’s)
« ~10.5M D°D? pairs produced

» Analysis method (pair production):
* Single Tag(ST): reconstruct one of DD
« Double Tag(DT): reconstruct both of DD

» Advantages:
e Absolute branching fraction
« Quantum correlated D°D°

* Clean background

e Full kinematic constraint reconstruct missing particle (v, K})

2021/11/25 CKM2021

f: signal mode

» Typical Tag modes:

Flavor Kin® Ktn*nO KinTntn® KteTv,
CP even K*K~,ntn~, Kdn'n® KPn®, ntm—n®
CP odd Kdn° K20, KQw, KPnr®
Mixed CP Kdntn™ KPn*tm™




D° - Kdmtm™

[PRL 124, 241802 (2020); PRD 101, 112002 (2020)]

3
» Measurement of y (GGSZ) « binned parameters c;, S;

cos—sin

1 _
K; = j|Af|2dmidm3 c; = — J|Af||Af|cos[A6D] dmidm? —— s;
i in—jJi

JK A
92

» Divide phase space (DP) into symmetrical bins *Binning scheme (N=8) S

[Phys. Rev. D 82, 112006 (2010)]  §

» Observables (DT yields) ;E’

—

* Flavor tag: «< K;/f; (f;: correct factor for hadronic flavor tag modes)

 CP tag: x [Kl + K—i — (2F+ — 1)2Ciw/KiK—i]

i

S = N W A U1 X

° KSQT[-I-T[_ tag (binned): od [KLK_] + K—il(j — 2\/KiK—iI(jK—j(cicj + Sisj)] m? (GeV2/c4)

¢ K£ﬂ+ﬂ_ tag (binned): X [KiK,—j + K—iK,j + ZJKiK—iK’jK’—j(CiC,j + Sis,j)]

» Extraction of DT yields: N
y Mac = (V5/2)2 = 152
* Full reconstruction: Fit to Mbcg

Unmiss = Emiss — |ﬁmiss|

* Partial reconstruction: Fit to U,,;ss for v and M2, for other . . L
Mpiss = Eniss — |Pmiss|
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0 0 +.—
DY - Kot
[PRL 124, 241802 (2020); PRD 101, 112002 (2020)]
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» Quantum correlated effects in Dalitz Plot (DP)
1(50,0(770)0 exist symmetrically in DP with CP-even tag mode and disappear with CP-odd tag mode
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D° - Kdmtm™

[PRL 124, 241802 (2020); PRD 101, 112002 (2020)]

Equal Ad Optimal Modified optimal

W
w

(4]

» Strong phase parameters are
obtained by MLH fit with
expected and observed DT yields

N
T
N
N
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m? (GeV?/c?)
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T

» The strong phase parameters are ~ ¢
limited by statistical errors

= o [*] W 'y h = -1 = =]
m? (GeV?/c?)

- — 5] (%) & [ = ~1 = -]
m? (GeV?/c?)

[—] — (] (%) . tn & ~1 =]

1 2 3
m2 (GeV?/c%)

» On average a factor of ~2.5 (2.0)

more precise for ¢;(s;) than 1t _ :
CLEO-c measurements osf o5} osf
> The associated uncertainties on “ °f "o .o
y are expected to be 0.7°,1.2°  .osf 0.5} -0.5F
and 0.8° for equal Ad , optimal 1_ 15 1
and modified optimal binning T T ST TR ST T
hemes -1 -0.5 0 0.5 1 1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
SC . cr’ ci cl'
BESIII CLEO-c [PRD 82, 112006 (2010)] Model [PRD 98, no.11, 112012 (2018)]
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D° - KIKTK™

[PRD 102, 052008 (2020)]

» Measurement of y (GGSZ) « ¢;, s;

» The strong phase parameters are

%
limited by statistical errors 3.4
E

» Compatible with CLEO-c

RD 78, 034023 (2008)]

Equal Aép binning scheme [p

W

|Bin number|
N

214 16
m2 (GeV?/c%)

-
(o]

-
[=}]

measurement with improved i, -
precision m? (GeV?/c?)
[l e
. . . 1i— Total N=2

» The associated uncertaintyonyis |

expected to be ~1.3° (N=3,4) i :

o 0|

> The results of KJhth™ have been -05}

used on y measurement by LHCb -1} ...

and Bellell. The uncertainty from .5t

charm inputs is 1°.

LHCb: [JHEP 02 (2021) 169]

Bellell: [arXiv:2110.12125]
2021/11/25

I * BaBar Model
N A T

[ — Statistical

"'t — CLEO-c
r * BaBar Model
bl

L -
1.5 -1 05 0 05 1
C.

BESIII

CKM2021

15 1 05 0 05 1
c.

CLEO-c [PRD 82, 112006 (2010)]
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DY 5 K ntnland K mintn™

[JHEP 05, 164 (2021)]

| AFArd@

RS

» Measurement of y (ADS) < Ry, 6{) (7{)2 = [ |4;|°do/ [ |A;| da Rfe—iaﬁ —

> Global analysis and binned analysis for D° - K n*ntm™ o
*Binning scheme (N=4)

» Observables [PLB 802, 135188 (2020)]
DT Yield with QC _
* p= - © ‘_m < (*D°- D° mixing is ignored for simplicity, but considered in the analysis)
DT Yield without QC
f

— 2r5R _

v' CP tag: pépi =1+ %cos (6{)), A]ép = i(pépi —1) (e.g.fvsCP+fvsCP)
1+ p

v’ Like-sign tag (same charge of Kaon in tag side and signal side):

2l vl
pis = 1— R} pris =1 - T )ZZ(I:T)Z R¢Rycos(8] — &7)
(e.g. fvsf+fvsf) (eg. K mtvsf+Ktn vsf)

¢ Yl (DT y1€ld for KS(')T[-I_T[_ tag): X [Kl + (TJ)ZK_i — ZTDfRf\/KiK_l‘(Cl‘ COS (8{)) — S Sln((S{)))]
» Extraction of DT yields
sig

* Full reconstruction: Fit to Mbc

* Partial reconstruction: Fit to Mﬁu-ss



DY 5 K ntnland K mintn™

[JHEP 05, 164 (2021)]

» Observed values of pcp+
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» Deviation from uncorrelated prediction 1 indicates that significant quantum correlated effects are

observed in data
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D° - K n*tn® and K~ ntntn~ (Global)

[JHEP 05, 164 (2021)]

3501 350
300; 3002— BESIII
B 5 2
2501 250F L] Ax2=2.30
| - B Ax°=6.18 +0.12 K3m $31)©
& 200 & a00f I AY=11.83 Ricsr = 0.520975 op°™ = (167179)
B [ T : °
o fo | Ryrro = 0.7840.04, K7™ = (196114)°.
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100L- 100F Ax?=2.30
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> Global strong phase parameters are obtained by min y? fit with expected and observed p & Y;
» The strong phase parameters are limited by statistical errors
» The results have significant improvement compared to CLEO-c results [PLB 757, 520 (2016)]
2021/11/25 CKM2021 13



D® - K n*ntm™ (Binned)

[JHEP 05, 164 (2021)]

> Sensitivity on y can be improved with binned 3507 " 3507 _
measurement in D° - K~ m ™ [pL8 802, 135188 (2020)] ’ 300
2501
» Binned strong phase parameters has been measured < 200
with improved precision compared to CLEO-C’s results % 1500
[PLB 802, 135188 (2020)] L ook
» The associated uncertainty on y measurement in K3m 50+ 501
~ i TN T A P AR Covn bbb b b b b |
for 600 B decays ( runl & runz @ LHCb) IS expeCted to 00 0.1020.30405060.70809 1 O0 0.102030405060.70809 1
be ~6° (Total uncertainty ~8°) Ran Ryan
1: N —— T e e e 350F . 350F
509 3 | E ! : ] 3005_[|Ax2=2.30 ons 3005_
e G||Oba| E o8l . ——600Bdecays | B L I Ax?=6.18 -
TE ) E T R B decays b F Z=11. :
3bins R A B i
0.6 & ‘. | E 0.6 - 1 & 200~ & 200-
0.5 E[PLB802,(135188 (2020)] S 1§t PR
o | | ] - C %=} -
0.4 E " | 3 0.4 | w© 150E 1505
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02F T o2 1w
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Summary

> BESIII provides unique quantum correlated D°D? data to measure the strong-phase
parameters in D decays as inputs to LHCb and Belle Il for CKM angle y measurement in the b
sector

> Using 2.93 fb™! e*e™ collision data taken @ 3.773 GeV with BESIII detector, strong phase
parameters of four DY decays are reported
« Kdntn  ,KQK*K~, K n*tn®, K ntrntm™
[CPC 44, 040001 (2020) ]
> 20 fb~1y(3770) data will be collected in the near future @ BESIII
* Moredecays (e.g. Kdntn nl,ntn ntn ,K*K ntn~ ..)
* Higher precision (e.g. uncertainty on y ~1° —» ~0.4° for KShth™)

Thank you!
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Measurement of y /@,

> CKM Matrix

=

0.6

0.4 7
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» Measurement of y/¢@;
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Measurement of y /@,

» Expected y /@5 precision of LHCb[1] and Belle 11[2] experiment

[1]. arXiv: 1808.08865
[2]. E. Kou et al. (Belle Il Collaboration), PTEP 2019, 123C01 (2019)

Collected / Expected Year Y/ é3
Runs : ot . W
integrated luminosity attained sensitivity
LHCb Run-1[7, 8 TeV] 3fb 2012 g
LHCb Run-2 [13 TeV] 61fb 2018 4°
Belle I Run 50ab ' 2025 1.5°
LHCb upgrade 1 [14 TeV] 50 fb ' 2030 <1®
LHCb upgrade 11 [14 TeV] 300 fb ' (>)2035 <0.4°

» y /@3 uncertainty from strong phase inputs

2.93fb71@ E.,, = 3.773 GeV @ BESIII — 20fb™'@ E.,, = 3.773 GeV @ BESIII
D° - Kdn*tn—~ 1°[3] D° - Kdn*tm~~ 0.4° [4]

[JHEP 02 (2021) 169] [BESIII White Paper, Chinese Phys. C 44, 040001 (2020) ]
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D® = K¢ mtm™

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

Mode Nt N?’{fﬂr‘ N?"})ﬁz—

Flavor tags

K'n 549373 £756 474071 9511 %115

Ktnz° 1076436 &= 1406 5695 =78 11906 & 132

Ktnnrt 712034 = 1705 8899 95 19225 £ 176

Kte o, 458989 = 5724 4123 £75

CP-even tags

K"K~ 57050 £ 231 443 +22 1289 =41

ar 20498 + 263 184 £ 14 531 £28
070720 22865 1438 198 £ 16 612 £35

ataa° 107293 £ 716 790 £31 2571 =74

K9n° 103787 £ 7337 913 £41

CP-odd tags

K970 66116 £324 643 +26 861 +46

Ko, 9260 =119 89 = 10 105 = 15

47— 2878 £ 81 23+5 40+£9

Kiw 24978 1+ 448 24517 321 £25

K ;r‘rr‘n 3208 £ 88 2416 38+8

K ;W_E_ 9301 = 139 81 =10 120 £ 14

KY 27" 50531 =6128 620 £ 32

Mixed CP tags

Kdntn 188912 £+ 756 899 +£31 3438 =72

Kntn.. 224+ 17

KY(n°n°. )ra~ 710 £+ 34

2021/11/25
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D° - Kdmtm™

[PRL 124, 241802 (2020); PRD 101, 112002 (2020)]

» Dalitz Plot
sF T T ]
Flavor vs. Kom*n
T oF i
S
r§{
1E .
1 1
1 2 3
. Mi,un_ (GeV:}f{.’J')
> Fit Plot -‘
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D® = K¢ mtm™

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

Likelihood function in fit:

8
—2log L = -2 Z In P(N9™, <N?Xp>)CP.K2H_Jr‘
i=1 “
8

-2 In P(N?bs‘ <Néxp>)CP.K{ifr+ﬂ_

i
i=1

72
—2) InP(Ng™, (NF)) ke

4+ 0ot —
SJIJ’E.KSJTJT

n=1

-2 Z In P(N:;bys <Nﬁxp>)l(2n+ﬂ_.[(2.u+u_ +Z2

- ci—ci— 2 sh—s5;—As;]\ 2
~=3 () = ()

[Phys. Rev. D 81, 112002 (2010); Phys. Rev. Lett. 95, 121802 (2005)]
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> ¢/ ands] for D° » Kt m™

» A factor of 2.8 (2.2) more
precise for ¢; and s; than
previous measurements

CKM2021 21



D® = K¢ mtm™

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

» Systematic uncertainty for equal A§ binning scheme

Uncertainty C1 C2 C3 C4 c5 Cé C7 Cs

K;and K; 0.004 0.013 0.005 0.007 0.005 0.014 0.006 0.007
ST yields 0.007 0.007 0.013 0.008 0.004 0.014 0.019 0.011
MC statistics 0.001 0.003 0.003 0.003 0.001 0.004 0.004 0.003
DT peaking-background subtraction  0.002 0.003 0.002 0.007 0.005 0.007 0.003 0.002
DT yields 0.001 0.002 0.002 0.001 0.001 0.002 0.003 0.002
Momentum resolution 0.002 0.003 0.012 0.011 0.010 0.010 0.011 0.009
D" D" mixing 0.001 0.000 0.002 0.001 0.000 0.002 0.002 0.001
Total systematic 0.009 0.016 0.019 0.017 0.013 0.024 0.023 0.017
Statistical plus K9 77~ model 0.020 0.035 0.047 0.053 0.019 0.062 0.057 0.036
K7 m "7~ model alone 0.011 0.009 0.027 0.030 0.007 0.034 0.033 0.017
Total 0.022 0.039 0.051 0.055 0.023 0.066 0.061 0.039
Uncert ainty S1 S9 S5 54 S5 Sa S7 S8

K, and K; 0.004 0.006 0.012 0.005 0.003 0.018 0.022 0.008
ST yields 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001
MC statistics 0.007 0.011 0.009 0.010 0.005 0.009 0.011 0.006
DT peaking-background subtraction  0.007 0.005 0.007 0.018 0.005 0.009 0.011 0.004
DT yields 0.005 0.005 0.003 0.004 0.003 0.004 0.005 0.003
Momentum resolution 0.012 0.005 0.011 0.001 0.003 0.022 0.006 0.025
D°D° mixing 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000
Total systematic 0.017 0.015 0.020 0.022 0.009 0.031 0.028 0.027
Statistical plus K% 77~ model 0.076 0.134 0.112 0.143 0.081 0.147 0.143 0.091
K777~ model alone 0.017 0.029 0.022 0.018 0.012 0.017 0.036 0.028
Total 0.078 0.135 0.114 0.144 0.081 0.150 0.146 0.095

2021/11/25 CKM2021 22



D® > KO, K*K~

[PRD 102, 052008 (2020)]

Mode ST DT
Nep es(%) —Vg’rh K N[';{;KJrh g%wfa (%) (].;{%K‘FK (%)

Flavor—tags
K== 524307 + 742 63.31 + 0.06 323 743 12.43 +0.07 15.85 + 0.08
K —».T+ 0 995683 + 1117 31.70 + 0.03 596 1769 5.86 £ 0.05 7.94 + 0.06
K eTu, 752387 + 12795 263 3.23 +£0.04
CP-even tags
KtK— 53481 + 247 61.0240.11 42 112 12.07 + 0.07 15.52 + 0.08
ata~ 19339 + 163 64.52 + 0.11 10 31 12.16 + 0.07 15.70 + 0.08
K3n%7° 19882 4 233 14.86 + 0.08 7 45 2.49 4+ 0.04 3.79 + 0.04
7T+1'T_ 7r0 99981 + 618 37.654+0.11 51 254 6.79 + 0.06 9.54 + 0.07
h“ 0 209445 + 14796 90 8.88 + 0.06

n(w) 40009 + 2543 19 6.60 + 0.06
Klw 207376 + 11498 44 3.42 +0.04
Ky (ntn™n) 33683 + 1909 7 3.23 +0.04
C'P-odd tags
K3r° 65072 + 281 36.92 + 0.11 39 89 6.75 + 0.06 9.33 + 0.07
}&_c,r,r( ¥Y) 9524 + 134 32.94 4 0.11 9 10 6.05 £ 0.05 9.05 =+ 0.06
Kdw 19262 + 157 12.14 4+ 0.07 16 27 2.20 + 0.03 3.42 +0.04
K3y (ntnn) 3301 + 62 12.46 + 0.07 2 5 2.20 + 0.03 3.46 + 0.04
Mixed C ? tags
Kir 78 265 6.35 £ 0.05 8.32 + 0.06
Kinton™ 282 9.56 + 0.07
KIKTK~ 12949 + 119 18.35 + 0.09 4 19 2.99 + 0.04 3.40 + 0.04

2021/11/25 CKM2021
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D® - K¢, K*K~

[PRD 102, 052008 (2020)]

Likelihood function in fit:

—2In L = —QZhlp (Nﬁi? (Ni:t>)KgK+K—.. cp

_QZIHP (N7, <N;i>)KEK+K—, cP

~2) "InP(Ny, (NigDgor+ k-, KOK+K-
i

=23 P (NJ (N3)) o e ko s

~2) WP (Nijs (Nij)) o+ k- KOt m

_QXIHP (N:J ( ;J>)KEK+K_, KE:rr+:rr_

_QZIHP (N:J’ <N;j>)KEK+K_, Kg:rr"‘:rr_

+x* . (28)
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> ¢/ ands] for D » KPKTK~

| — Statistical | (b)l 157
I — Total ] -
1 B 1
05 B 0.5
@ oF E w0
051 E -0.5
-1 CLEO-c .
I * BaBar Model ]
_1-5_\\.‘\\‘“\M.\\.HIM..\..‘T
M5 1 05 0 05 1 1.5 150

i

1.5

- CLEO-c
-+ BaBar Model

(I
-1.5 -1 -05 C(.‘J 05 1 1.5

| — Statistical

- — Total (f)
1 ]
0.5} |
w Of
-0.5| N
-1 _ CLEO-c .
[ * BaBar Model
-1 .5 I | A SR A SRR
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DY 5 K ntnland K mintn™

[JHEP 05, 164 (2021)]

» Observed values of p & Yl soo— | Measurement — Prediction
I Uncorrelated prediction
mran® [ Fe wrn® c 600}
e Ko . Ko St K3m
CP even o Kon00 CP even e K2nono & s
. KK %*H KK 200/
— KET[DTIZD .- Ktn“n" i
e Kentmm . Keni (o) 1 4F |
—OR Kgn'(ynm) . Wi Ksn'(yam) o 12y, 4 4
CPodd Ken(rm) cPodd | Kaplam) i: ngk B i AR o ++++
e Kgnlyy) e KeN() 0.6&
e Ko — Kso 12345678-1-2-3-4-56-7-8
—— Ko —o— Ko Bin number i
.- K3n0 re K2no
lI\|\II‘l]llltli\ll‘llllltll\l\ JIII[I\|I\I‘IJJiIl\|\II‘IIJIILl [ 1
02 04 06 08 1 12 14 16 18 02 04 06 08 1 12 14 16 18 -+t Ratio of measurement
K3n Koo L and prediction
Pep. Pops 1000
5 |
Observable Value Observable Value £ T
Lu I
AEST 0.070 £0.011 £0.012  AEF™ 0.078 £ 0.007 + 0.012 |
0 L
Pra” 0.740 £0.157 £ 0.161  pfa™ 0.440 £ 0.095 + 0.014 [
PRI 0.570 £0.109 £ 0.069  phr’ 0.213 £ 0.062 £ 0.004 L
pE3T 0715 % 0.094 % 0.089 812, e et T
’ T 0.8}
0.6 +
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DY 5 K ntnland K mintn™

[JHEP 05, 164 (2021)]

2021/11/25

Systematics Rysr sR3m Ry rno 5{9{““0
Size of CP-tagged D — K~ m" samples 0.04 7.0° 0.02 6.9°
K /7 tracking and identification 0.02 3.8° < 0.01 2.3°
7¥ reconstruction < 0.01 <0.1° < 0.01 < 0.1°
Impact of resonance modelling on efficiency < 0.01 2.5° < 0.01 0.4°
Size of Monte Carlo samples 0.01 1.5° < 0.01 1.3°
D — KK~ n" background 0.05 1.0° 0.01 4.6°
Fit method for signal yields 0.02 3.4° < 0.01 1.1°
Ci» Si oo 300 <001 (15%)°
K; 001 (*51)° 001 (*33)°
B(D° — S), with S = K ntntn~ and K~ wtx" 001 (*15)° 0.01  (*33)°
B(D" — S8)/B(D" — S) oo 2.7° < 0.01 0.2°
B(D° — K—) 0.01  (*95)° <001 (*39)°
rKr <001 (D7 <o.01 0.2°
o <001 <o0.1° <001 <0.1°
z, y <001 (19" <o.01 0.5°

o <001  (¥3%H° <001 0.1°
Statistical o0 (H187) 0.04 (F195)°

CKM2021
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DY 5 K ntnland K mintn™

[JHEP 05, 164 (2021)]

Combination of global R & §p of BESIII, CLEO-c and LHCb

Parameter BESIII and BESIII, CLEO-c 3505 350
CLEO-c and LHCb g -
300 300 2
Ricsr 0.497011 0.441010 E [ JAx"=2.30
250/~ 250 ] Ay°=6.18
K3rm +22)\° +28\° r B
Op (154177) (16117%) &_ 200F &_ 2000 .Ax2=1 1.83
5 @] - E ) -
rB3T (x1072)  5.46+0.08 5.5040.07 o 150 v 150[
Rycoro 0.79+0.04 0.79+0.04 1oF 1008
500 501
6§Wﬂ0 (196 :I: 11)0 (196 :I: 11)0 : | | | | | | | | | E | | | | | | | ] |
%" 0.7702 03 04 05 06 0.7 0.8 09 1 % 010203 04 05 06 0.7 0.8 0.9 1
Knnd —2
r x10 4.41+0.11 4.414+0.11
D ( ) RK3TI: RKTCTI:O
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DY 5 K ntnland K mintn™

[JHEP 05, 164 (2021)]

Combination of binned Ry3,; & 6537 of BESIII and CLEO-c

Parameter Bin 1 Bin 2 Bin 3 Bin 4
Ricsr 0.66705; 0857031  0.787015  0.257050
op°T (117%5%)"  (14575))"  (160%5)"  (288%5))°
ri3m (x1072)  5.4340.10 5.78+0.11 5.76+£0.10 5.06+0.12
R eno 0.80+0.04
g (203 = 11)°
rEm (%1072) 4.4940.11
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