& TOAERDRBI UL K

te of High Energy Physics, Chinese Academy of Scien

Measurement of Strong Coupling Constant
from Hadronic Tau Decay at BESIII

Yuzhi CHE, Yaguan FANG, Yanping HUANG, Gang LI, XinChou LOU,
Junle PEI, Mangi RUAN, Ligang SHAQO, Jinfei WU, Gengyuan ZHANG,
Huagiao ZHANG

https://indico.ihep.ac.cn/event/21419/#5-measurement-of-the-strong-co
https://indico.ihep.ac.cn/event/22305/contributions/159139/

Tau&QCD Group Meeting


https://indico.ihep.ac.cn/event/21419/#5-measurement-of-the-strong-co
https://indico.ihep.ac.cn/event/22305/contributions/159139/

s JI1C JUL O O o [

+ The strong coupling constant a; Is . The a. can be determined from various for 20081675
s

Boito 2018 FO T decays
Boito 2021 FO &

- a fundamental parameter of the Standard Model Processes. P0G 2022 tau low Q2

Ayala 2023

(SM) of particle physics and Quantum N [ U o Ll
. Mate 18 ’ i i '

Narison 2018 (c¢) bound
. Narison 2018 (bb) ' i
- the least understood among the three coupling production, event shapes, etc. BM19 (c0) e

BM20 (bb) b i
constants. + __________________________________

« Among these, the most accurate results JR14
- The a, evolves versus the energy scale of QCD under ABMP16

' ' PDF fi
control of the Renormalization Group Equation (RGE). in PDG are from hadronic 7 decays. e ; T

CT18
MSHT20
HERAPDF20jets

—_—y — ALEPH (j&s) ° i
3 " OPAL (j&
tdecay (N°LO) - ! U&s) ete-

. ADE (j&s) .
low Q2 cont. (N3LO) = | Dloserton (3) jets

Heavy Quarkonia (NNLO) ++— 7 JADE (3j) ;shas;)es
HERA jets (NNLO) =+ ! Verbytskyi (2))

e*e jets/shapes (NNLO+NLLA) ~+ (ardos (EEC) 1 11 1! inn assxiiRRRRAN
e*e” Z0 pole fit (NLO) +e— | Kijnsma (th . .
pp/pp jets (NLO) = s |
pp top (NNLO) +e— i1 Gets) — hadron
) d'Enterria (W/2Z) - collider

pp TEEC (NNLO) < HERA (jets) :
) CMS (incl. jets)*
- ATLAS ([A]JTEEC)

0.35 fy—

0.3 1

0.25 h

L

og(Q?)

0.2 f

0.15 -
" Gfitter 2018 =

GG T : HEPfit 2022 . electroweak
0.1 5 L — B PDG 2022 EW ———

= as(mzz) =0.1180 £ 0.0009 t : FLAG 2021 lattice
M 2 2 2 2 2 2.1 M P S SN N | M P S o o | PR S L a1

0.110 0.115 0.120 0.125 0.130

as(m3)

0.05 L -
N 1 10 100
gust 2023 Q[GGV]

1000

August 2023



Theory model of hadronic r decay spectra
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V/A denotes vector/axial-vector components of non-strange hadronic r decays, different from the number of pions. 3



RT, V+A

can be derived from branching ratios:

Observables of a (m?) determination from 7 decays
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. Data set: \/s = 4.26 GeV 825

« BOSS version: v7.0.3

. Signal topology: 77 — (e*wv)

- Signal MC: KKMC + TAUOLA

BESIIlI data set and MC samples

7 pb~!

tag signal

« Exclusive channels are extracted from MC truth.

« All the MC sample are normalized to data.

(ne*mza') . n=13;m=0,1234,...

=4.26GeV ete” — 77~ event display

BESII /s
i

Table 3: Generator packages, cross-sections, statistics of the involved MC samples.
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(nﬂimﬂov) . Event selection and classification

signal

_|_
7T — (8_1/1/)

tag

Event Topology: 77 — (eim/) (rmimﬂov) n=13:m=0,1,2,34,...

tag signal Signal Side
Y
0 = .
Inclusive selection: 7~ Recosntruction: ¢
Y
Exactly 2 or 4 charged tracks, with zero net charges, and: Good photon: U, ~
‘V,, <lcm,|V,| <10cm,|cos@| <0.93 . TDC:0 <r< 700 ns . .
) - . |Tagging Side
PID: e* + " e* +3 (u* /n) * Cluster Energy: ‘
et - Barrel region (|cos 8| < 0.8): E > 25 MeV
- Ervie/Pyvipe > 0.8; - Endcap region (0.86 < [cos 0] < 0.92): E > 50 MeV
dE/dx+TOF PID: CL, > CL,and CL, > 0.001 - Isolation: Open angle with the nearest charged track 6, > 10°
+
s Consider all yy combination in events (with no reused photons), optimize the
+ Egmc/Pvpe < 0.7; Egye < 0.3 GeV; summation of the 1-C kinetic fit y*.
Signal Depth in MuC:
Dypyc > min {80(p/GeV —0.65) cm, 40 Cm}; Exclusive channel classification: according to number of z* and 7".
dE/dx + TOF PID: CL, > CLgand CL, > 0.001 (CFI n c?2>
e T — zv, 3av: 10° < 0, < 160°, PTEM = L > 0.2,
. ,ui veto (only in 2-track events); ' Eem = |CP| = |cP,
+ Eemc/Pype < 0.63 v v s v, 7 278%,. 7732%,. 2x v, 2x Ay, ® 222220 all
dE/dx +TOF PID: CL, > CLg,and CL, > 0.001 good photons should be reconstructed as 7.




S = mg Invariant mass of multi-

2

Invariant mass spectra after event selection
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Data Correction: Efficiency and Response Matrix

Base on the MC simulation,

287
- Background subtraction: r— 31970 .
1 .
Subtract MC histograms of background from data. 1 10 ne | s 10°
. r— 3nnly |
- Unfolding:
103 205 | 104
- Joint event channels in to a large one, and unfold T— 3TV - 1.2e+02
based on the response matrix from MC. 164 |
3
r— 131y . 1.4e+02 102 & 10
- RooUnfold::RooUnfoldBayes, with iteration =
number of 4. 123
r— w27y 3.5e+03 L 102
1
- Efficiency correction: 10 82 |
ro 'y [19e404 260+04 PRIV IEEEW
- Fit the efficiency curve with second order ' " 10!
Chebyshev polynomial. _ , 100°
T— T [3.7e+04 WEEEIY 1.6 .86 -
. Divide data with the efficiency. M . S 10°
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Invariant mass distribution after correction

Result of data correction:
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: : | 1.0 | _
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e s < o : |
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Spectral moments and a,(m?) fit

» Fitinput: R.=3.475x0.01111

. )(2 fit:

> =AV AT A = (AR, AD'Y, AD'!, AD'?, AD')

. V = Vstat + Vtheo

The theoretical uncertainty mainly arises from the
truncation error of the perturbation expansion.

V... is estimated from [Eur. Phys. J. C 4, 409-431

(1998)] and scaled by a factor of 0.35 considering the
one-order higher perturbative calculation [Eur. Phys. J.
C 74, 2803 (2014)].

- Based on bootstrap method, the statistic uncertainty are
separately estimated as:

a,(m?) = 0.3390 = 0.0010,,,, = 0.0078,...

[*]: 10.1140/epjc/s10052-014-2803-9
[1]: 10.1007/s100529800895.

0.8

0.6

TT — EVV TV

T — e TV _
m— ew w210
T— e 3TV
TT— evy 3Ty

m— eww 3nmly ]

m— e 3m27% |

<
.
T 04
0.2
OO .............
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
s [GeV?]
Inclusive s spectrum
1?1 l)IO l)ll 1)12 1)13
Measurement 3.47500 0.71686 0.16190 0.05879 0.02606
Exp. Error 0.01100 0.00127 0.00039  0.00028  0.00020
Theory Prediction  3.47665 0.71485 0.16104 0.05886 0.02614
Theory Error 0.03300 0.00350 0.00280 0.00040  0.00020
6 0.21884 0.24763 0.16603 0.14327 0.13244
6@ -0.00041 -0.00041 -0.00000 -0.00000 -0.00000
oW -0.00275 -0.00785 0.00507 0.00002  0.00000
6© 0.00175 0.00175 0.00058 -0.00058 -0.00000
6® -0.00204 -0.00511 0.00306 0.00102 -0.00102
Snp -0.00345 -0.01161 0.00872 0.00046 -0.00102
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Systematic Uncertainties

Contribution

Estimating Method

Cross section of
hadronic background

Generator of hadronic
background

Unexpected Background

Floating the cross-section of hadronic background in all exclusive channels by
+70

Re-weighting the MC samples according to the systematic study in BESIII
DocDB-doc-510-v9. Comparing the resulting difference.

Re-weighting the MC samples according to the systematic study K/t _Iracking
Efficiency @41/78 in BOSS7.0.3. Comparing the resulting difference.

Comparing the result derived by requiring a) all good photon are reconstructed
as 1Y, and b) all good photon with energy higher than 80 MeV are
reconstructed as .

Repeat the nominal analysis using 3773, 4260 and 4680 MeV/ data, and compare
the results.

15


https://indico.ihep.ac.cn/event/8006/contributions/99144/attachments/52883/60932/Trk4180.pdf

Systematic: isolated photons

- Data tends to have less good photons per event than MC 10¢ 107
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» For the latter issue, the corresponding systematic
uncertainty is estimated by comparing the two cuts: T _ o , :
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iIsolated photon condition.
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Summary of Systematic Uncertainties

» The systematic
uncertainties on the
spectral moments are
dominated by:

. e¢Te~ — had generator
« Cut on iso-photons

» Unexpected
background (fluctuation
versus E_, )

. The a,(m?) accuracy is
dominated by the external
input value of K.

Table 9: The nominal value, statistical and systematic uncertainties on the spectral moments.

BESIII 4260 MeV D' D" D" D" | o, (m?)
Nominal 0.71686 0.16190 0.05879 0.02606 | 0.3390
Statistic 0.00121 0.00037 0.00028 0.00020 | 0.0014
Systematic 0.00393 0.00149 0.00071 0.00049 | 0.0052
Cross-sections of the backgrounds | 0.00007 0.00001 0.00001 0.00001 | 0.00003
Modeling of the e"e~ — hadrons | 0.00153 0.00010 0.00020 0.00018 | 0.0006
Unfolding parameter 0.00052 0.00030 0.00011 0.00005 | 0.0007
Unexpected background 0.00296 0.00104 0.00044 0.00040 | 0.0002
7’ Reconstruction 0.00023 0.00011 0.00004 0.00003 | 0.0002
n* Tracking efficiency 0.00021 0.00011 0.00005 0.00002 | 0.0002
R_=0.475+0.011 0.0049
Total uncertainty 0.00411 0.00154 0.00076 0.00053 | 0.0054
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Raw Spectrum of 277z 2, channel at different E_

x103

Below the open charm threshold, the 3650 MeV
data has large statistical fluctuation.

Meanwhile, data at y/(2S) peak shows different
but larger MC/data discrepancy.

Higher than the open charm threshold and

lower than excited charm threshold, the data at
E., = 3780MeV shows:

- Good MC-data consistency.

. another peak higher than
inclusive MC.
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g samples for 3773 MeV data also includes DD components.

dN/ds

3686 MeV (161.6 pb™ 1)

800 [
700 E
600 [

500 F

300 |
200 |

100 [

51(111(11: T — e 3l

ey W2n v W ey v #zz. MC error
m—ew 3nn’v -+ Data

77— evv 3n2n v

= gq Hybrid
T evv Ty "W T evw w3V

ey ity ™ T evv ATy

van

//////

12 |

T

W

///////I//

0.8 [

ANNAN NSNS
Z‘§§§§>I

/////// rer ey I

A ’//// 7777 //////

Data/MC

0.

2.0

1.2

Data/MC

0.8

0

O

1.5 2.0 2.5 3.0 3.5

s [GeV?]

x103

4270 MeV (531.1 pb~)

Signal: 77— ew 3771
o epy w27y W ey 3np #zz. MC error 1
rm—ew 3nn’vy 4 Data

T— evv 3m2nv

e gq Hybrid
T evwwy ™ g evr w3nv

ey v ™ T evw TR Y

: . T — . ||J r
] ,//////A’/////@LJ J(l} A } I ,},l{ J A2 207
7077 T ] L IHI+ | T[ AN

3.0

3773 MeV (1989.3 pb~!)

Ww(3773) ;

Signal: 77— eww 3770
e = ey mnty W T epr ATV T—evv 3m27% 1
w7 Hybrid == 77— epp 727°y ™= 7= evv3my »#z. MC error
-— T v T3T Y r—evw 3nn’v + Data

TT— EVV TV

///9 i
s
gﬂ

/I//{/II.

1

I
N
I
]

PRI [ S T TN S (N TR S T S N S S S T

dN/ds

Data/MC

O =

- \ \\\\\\\ -
o AR
SOONNVRNSNN
\\\
N
N
A\
R
T |
=

4680 MeV (1667.4 pb

T evv 73TV m—eww 3nn’v 4 Data

T— evw 32w

TT— EVV TV

= ey nty ™ ey AT Y

A%
++JAM Lo

i

- e m S S S B S e m e
71 Signal: 77— ew 3nm
[ = gq Hybrid T evy T2y " ey 3Ty 7z7. MC error |

T T

2 bty ]
Z - + t ,J.,,,,,,%_, ,l,”///f{{;/////////////{//ﬂl

8 5 Z%& ! -
[ PR T'1 -% PR ST RN TR NN SN SN SUN SH NN SUN SUN SUN T U S SN S S NN S S S S NN S S S |

3.0

19

3.5



Efficiency for high multiplicity channel at low E_ is lower

« Comparing the results
derived from data at
three £, points,

» fluctuation larger
than 1o statistic
uncertainty on D is
observed.

. however, o (m?)
seems to be rather
stable, due to the
constrain of R_.

The error bars only include statistic uncertainty.
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Summary of Systematic Uncertainties

» The systematic
uncertainties on the
spectral moments are
dominated by:

. e¢Te~ — had generator
« Cut on iso-photons

» Unexpected
background (fluctuation
versus E_, )

. The a,(m?) accuracy is
dominated by the external
input value of K.

Table 9: The nominal value, statistical and systematic uncertainties on the spectral moments.

BESIII 4260 MeV D' D" D" D" | o, (m?)
Nominal 0.71686 0.16190 0.05879 0.02606 | 0.3390
Statistic 0.00121 0.00037 0.00028 0.00020 | 0.0014
Systematic 0.00393 0.00149 0.00071 0.00049 | 0.0052
Cross-sections of the backgrounds | 0.00007 0.00001 0.00001 0.00001 | 0.00003
Unfolding parameter 0.00052 0.00030 0.00011 0.00005 | 0.0007
_Photon simulation 1000199 0.00101 0.00050 0.00020 | 0.0016
Unex ected back round - O 00296 0.00104 0.00044  0.( 00040 ~0.0002
7t Reconstruction 1 0.00023 0.00011 0.00004 0.00003 0 0002
n* Tracking efficiency 0.00021 0.00011 0.00005 0.00002 | 0.0002
R_=0.475+0.011 0.0049
Total uncertainty 0.00411 0.00154 0.00076 0.00053 | 0.0054
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Comparison of Spectral moments

Although the BESIII accuracy of spectral moments is similar with OPAL and CLEO-II, worse than ALEPH, the uncertainty on o
is comparable with ALEPH and better than OPAL and CLEO-II, since the experimental uncertainty is controlled by the R_ and
theoretical uncertainty dominates the result.
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1
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1

HEE—.
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(1995) | —.— 1t —e— {1t . 1 | —— {1 e

ALEPH
(1998) B E 7 B E 7 B B 7 B E

OPAL

——
(1999) [  'E=TE 1T e 1} = I === fr—
o
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e

ALEPH
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ALEPH
(2014) [ 1T 9 11 ae
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g +(Ostat P 0's_vs) te- +(Otat @Usys) te- +(Otat @Usys) te (Ot at @Usys) BN 0 peo
1oy, 1o, 1oy, 1o, 10,

:to-s tat :to-s tat io’s tat :to-s tat :i:O'S tat

0.71 0.72 0.73 0.74 0.75 0.150 0.155 0.160 0.165 5.2 5.35.4 5.55.65.75.85.96.06.122 23 24 25 2.6 2.7 2.8 2.9 ).260.28 0.30 0.32 0.34 0.36 0.38 0.4¢(

Do pli D12 x1072 D13 x10~2 as(mf)

The statistical uncertainties for ALEPH's results after 2005 are estimated from the results in 1998 based on statistical improvements. 29



Summary

- Using BESIII data at center-of-mass energy of 4.26 GeV with integral luminosity

of 825.7 pb~ !,

0

. measured invariant mass spectrum of 1~ = 7 7 v, 1 27y, 37, 2x

2n~rntny, 2~ n 27 decays.
. Determined as(mf) based on CIPT theory.

* Preliminary result:

a,(m?) = 0.3342 £ 0.0010,,,, + 0.0052, + 0.011,,

sta

- The uncertainty is dominated by the theoretical uncertainty, which depends on the
theoretical method.

. The statistical uncertainty is close to ALEPH, when data at only one E_, point is
utilized.

. The systematic uncertainty is dominated by the e"e~ — had background
modeling and MC simulation for photons, which will be further studied in the future.

- The memo is ready.

ALEPH
(1993)

CLEO-II
(1995)

ALEPH
(1998)

OPAL
(1999)

ALEPH
(2005)

ALEPH
(2014)

BESIII pre.
(4260 MeV)
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Systematic: MC background simulation

Hybrid vs. LAUNDA

. Hybrid sample: ~ 4.9 x 107 (3.3x of

data)
. LUNDA sample: ~ 1.5 X 10’ (1x of data)

» The systematic uncertainty is estimated at
half of the difference in results obtained from
these two generators (Hybrid: 0.3390 —>
LUND:0.3378), which is#=0.0006.

» Hybrid and LUNDA exhibit large difference
on spectral moments measurement, which
will be further investigated.

Hybrid
$R_{\tau}$ $D~*{10}$
Measurement 3.47500 0.71686
Exp. Error 0.01100 0.00127
Theory Prediction 3.47665 0.71485
Theory Error 0.03300 0.00350
LUND
SR_{\tau}$ $D"{10}$
Measurement 3.47500 0.71991
Exp. Error 0.01100 0.00126
Theory Prediction 3.47797 0.71636
Theory Error 0.03300 0.00350
x103 4260 MeV (825.7 pb™!)
ST T T
[ W TTother — ﬂ'—:\(?m; rr-l;r(’u + Data
25 | - O
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$D{11}$ $D™{12}$ $D{13}%$
0.16190 0.05879 0.02606
0.00039 0.00028 0.00020
0.16104  0.05886 0.02614
0.00280 0.00040 0.00020
$DM{11}$ $D~{12}$ $D~{13}$
0.16171 0.05840 0.02570
0.00037 0.00028 0.00020
0.16018 0.05853 0.02585
0.00280 0.00040 0.00020
x103 4260 MeV (825.7 pb™!)
s T \:‘:‘ ...................
ol R e i vt
E = . == moemnity + Data
2.5 | —_ Ty =
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© 15 ¢f
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0.5
0.0:....;0.A~' X
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% L2t g%%,ULhL,MM T 4 Yoo
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BESIII Data set, r—pair yield and sighal-background ratio

Cross section ratiosof eT¢~™ — 7t~ and ete~ — hadrons:

o &EP(ete™ 5 t777)

o(ete~ — hadron)

S /B =

The data sets in center-of-mass energy region of 4.2 GeV ~ 4.7 GeV have higher signal-over-background ratio.

030 | 70
Total ee—s 77 events: ~1 x 10°

025 |

0.20 : -

0.15 |

0.10

o)
-
lOgl() (Nee—n‘r)

005 |

4 55

Signal-over-background ratio

000

—0.05 L

3.6 3.8 40 42 4.4 4.6 4.8 5.0
Center of Mass Energy [GeV]

The size and color of the scatter points denote the estimated 7-pair yields, and the height denotes the signal-
over-background ratio. 27



Invariant mass distribution after unfolding

Intermediate results after unfolding

e XX 4260 MV (826731 ) o BOMY (BT ) o 1260 MeV (5257 1)
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Systematic: z” reconstruction

Temporarily estimated using Achim Denig’s systematic study result.

This study was performed on the w(3770) — @z’ data (2010-2011) and w(3686) — 7"z J/w(y">F) data (2009), with BOSS

version 6.6.4.p01, which does not perfectly suitable to our analysis.

Method:

1. Apply a weight for each event, calculated by momenta of s.

0
W<P7T?’P7Tg’”'> — <1 +A8n.o <Pﬂ?)) . (1 +A8ﬂo (Pﬂg>) * e

Redo the data correction (background subtraction + unfolding)
using the re-weighted MC samples.

2. Compare the resulting spectral moments and as(mf) obtained w/i
(W/0) re-weighting. —20

For spectral moments: only 0.19% and 0.3% for D'?and D13

!

0(p) — Edata 1
EMC

= (0.06 —2.41GeV 'c:p) %,

>
5

offset: (0.06 + 0.24)%
slope: (-2.42 + 0.87)%/(GeV/c)

] | | | | | | | | | ] | | | | | | | | I | | | I | | | | | | |

, 0
For a,(m?): only 0.0005 (0.15%)

0.2 0.4 0.6 0.8 1 1.2 1.4
P, [GeV/c]
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https://docbes3.ihep.ac.cn/DocDB/0005/000510/009/pi0eff.pdf

Systematic: 7z~ reconstruction

Estimated using K/mt Tracking Efficiency @4178 in BOSS7.0.3, which is quoted in Observation of D" — ﬁ)(980),u+1/ﬂ [DocDB:

https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1446]

This study was performed using continuum process ete~™ — KKz "z~ , with BOSS version 7.0.3.

Method:

1. Apply a weight for each event, calculated by momenta of s,

Redo the data correction (background subtraction + unfolding)
using the re-weighted MC samples.

2. Compare the resulting spectral moments and as(m,[z) obtained
w/i (w/0) re-weighting.

The systematic uncertainty associated to charged pions
seems marginal.

Table 1: Pion track efficiency and difference of data and MC.

Tracking Efficiency of Pion

pr (GeV/c)

”+

T

Edara(P0) emc(%) €datal €Emc — 1(%) Edata(P0) emc(%) €datal €Emc — 1(%)
0.1-0.2 87.75+0.72 | 87.93+0.65 -0.20+1.04 86.56+0.80 | 88.92+0.63 -2.65+1.09
0.2-0.3 94.51+0.57 | 94.58+0.35 -0.07+0.72 94.75+0.56 | 94.09+0.37 0.70+0.70
0.3-0.4 97.13+0.48 | 97.00+0.23 0.13+0.55 96.49+0.50 | 97.03+0.24 -0.56+0.57
0.4-0.5 08.32+0.59 | 98.09+0.17 0.23+0.63 08.29+0.46 | 97.89+0.19 0.41+0.51
0.5-0.6 98.91+0.76 | 98.60+0.15 0.31+0.79 99.11+0.50 | 98.80+0.14 0.31+0.53
0.6-0.7 99.75+0.74 | 99.05+0.12 0.71+£0.76 99.15+0.46 | 99.00+0.13 0.15+0.48
0.7-0.8 99.72+0.15 | 99.39+0.11 0.33+0.19 99.50+0.31 | 99.32+0.11 0.18+0.33
0.8-0.9 99.03+0.20 | 99.35+0.11 -0.32+0.23 99.63+0.40 | 99.37+0.11 0.26+0.42
0.9-1.0 99.97+0.22 | 99.51+0.10 0.46+0.24 09.43+0.27 | 99.37+0.12 0.06+0.30
1.0-1.1 99.82+0.29 | 99.67+0.09 0.15+0.30 00.81+0.34 | 99.44+0.12 0.37+0.36
1.1-1.2 99.85+0.56 | 99.64+0.10 0.21+0.57 09.46+0.42 | 99.55+0.12 -0.09+0.44

30


https://indico.ihep.ac.cn/event/8006/contributions/99144/attachments/52883/60932/Trk4180.pdf
https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1446
https://docbes3.ihep.ac.cn/cgi-bin/DocDB/ShowDocument?docid=1446

Comparison of Spectral moments

Although the BESIII accuracy of spectral moments is similar with OPAL and CLEO-II, worse than ALEPH, the uncertainty of o is
comparable with ALEPH and better than OPAL and CLEO-II, since the experimental uncertainty is controlled by the R_and
theoretical uncertainty dominates the result.

ALEPH |
(1993)

1
ol
1

HEE—.

CLEO-II
(1995) | —.— 1t —e— {1t . 1 | —— {1 e

ALEPH
(1998) B E 7 B E 7 B B 7 B E

OPAL

——
(1999) [  'E=TE 1T e 1} = I === fr—
o
=
e

ALEPH
(2005) B E 7 B B 7 B B 7 B E

ALEPH
(2014) [ 1T 9 11 ae

3

BESIII pre.
(4260Mev) | 1f == == | — .
ag +(Ostat P Osys P Otheo)

ag! +(Ostat D Us_vs) ag! (Ot at @Usys) ag! (0t at @Usys) ag! (O ta @Usys) {0
1oy, 1o, 1oy, 1o, 10,

:to-s tat :to-s tat io’s tat :to-s tat :i:O'S tat

0.71 0.72 0.73 0.74 0.75 0.150 0.155 0.160 0.165 5.2 5.35.4 5.55.65.75.85.96.06.122 23 24 25 2.6 2.7 2.8 2.9 ).260.28 0.30 0.32 0.34 0.36 0.38 0.4¢(

Do pli D12 x1072 D13 x10~2 as(mf)

The statistical uncertainties for ALEPH's results after 2005 are estimated from the results in 1998 based on statistical improvements. 31



