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BESIII experiment

Mongolia(1)

BESII

~500 members
From 75 institutions in 15 countries

o /5= (2.0—4.95) GeV

@ MDC: op/P =0.5% @ 1 GeV,;
OdE/dx = 6%

@ TOF: o7 = 68(110) ps for barrel
(endcap)

@ EMC: 0g/E =2.5%(5%) for barrel
(endcap)
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Introduction

Introduction
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@ Determined the decay constant fp, can test the theoretical calculation,
especially LQCD.

@ Precise measurement of CKM matrix element | V.| can test the CKM matrix
unitarity and search for NP beyond SM.

@ Combine with the BF of leptonic decay D — p"v,, the lepton flavor
universality can be checked.

@ BESIII and CLEO experiments have similar data sample of ete™ — D;D?
near /s = 4.170 — 4.180 GeV, which offer a similar analysis environment.
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Overview

Overview |: D — p*v,, 77v, (CLEO collaboration)

Data sample: 600 pb~! ©4.170 GeV

7t — e vel; [PRD 79, 052002 (2009)]
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7t — 7. [PRD 79, 052001 (2009)]
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Overview

Overview II: D — p*v,, 77v, (BESIII collaboration)

®
T

482 pb™! © 4.009 GeV [PRD 94, 072004 (2016)]

N O - 1 p-like
3o J’__.__. e w 3.19 fb~1 @ 4.178 GeV [pre 122, 071802 (2019)]
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' s N(uty,) = 72.4 £ 10.4
aF 1] _L.Li h_Jj'V(T+V7—) =22.1+123

B(DF — ptv,) = (0.549 +0.016 + 0.015)%
B(DF — ptvy,) = (0.517 £ 0.075 £ 0.021)%

B(DF — mHv;) = (3.28 £ 1.83 +0.37)%
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D — 7Tv, at BESIII

BESIII Data sample near D;D; threshold

6? I {s= 4.178 GeV
_II;S; Ml (s= 4.189-4.226 Ge 3.13
>4
2
23
e r
32 3.19
1T 0.6
0 ool R
CLEO-c BESIII

Precisions (Stat.&Syst.) (CLEO): B(D; — u*v,): 8.5% B(Df — 77v:): 6.4%

BESIII Data sample

Year /s (GeV) Luminosity (fb~1)
2016 4.178 3.19
2017 4.189 0.53
2017 4.199 0.53
2017 4.209 0.52
2017 4.219 0.51
2013 4.226 1.05
Sum 6.32

With ~10x CLEO-c data, what precisions BESIII can reach???

Xiang Pan Fudan University, IHEP  (on belSNaSi il = Rt VA tTe D: leptonic decays at

7/19



kel
Double-tag method

direct: Tag Ds from ete™ in-direct: Tag D from D
Tag mode: KTK~7—, ...

MBC = \/ beam ‘?tag

suppress non-Ds D} background

\/s =4.178 GeV as sample
< 60 —-data NST = 2ND7 Dt Btagﬁtag
= s Us
9 Ddirect
= 50 -
'{2-_: .m-dlrect
% 40 [ opencharm Npt = 2ND5— DF Btangigﬁtag,sig
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D;r — 7T, at BESIII Double-tag method

Double-tag method

16 possible single tags at BESIII

Ns7~0.78M with 16 tags @4.178-4.226 GeV

/s =4.178 GeV as sample

N

Events / (1.4 MeVE?) (x107)

1.90 1.95 2.00 1.90 1.95 2.00 1.90 1.95 2.00 1.90 1.95 2.00
M, (GeVic?)

signal side: X (X =m, e, p)
is reconstructed, the missing
neutrinos are determined by

2 _ g2 2
MZiss = Emmiss — | P miss|
Emiss =

Eem — \/I P tagl? +mb_ — E o) — Ex

?miss = _7tag - ?’Y(WO) - ?X
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Df — 77, at BESIII [NEaS

= 7r+7r0177

D} — 7ty via 77 — 77 7%0, [arXiv:2105.07178]

Comparison of typical distributions between data/MC
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it it
Df — T+I/T via 7t — 77, [arXiv:2102.11734]

Split data into two parts
o yi-like (upper):
Egnvic < 300 MeV, mixture
of Df — 71 (=« )v,
and D} — utu,

Number of events/0.02 (GeV/c?)*

o r-like (lower):
Egnvic > 300 MeV,
dominated of
Df = 77 (—= 't )v,

il it L ] L R A o i =
%265 01 005 0 005 01 015 02 1900 1920 1940 1960 1980 2000 2020
M2...(GeVic*Y M...(D3) (MeV/c™)

¢ data - — -ty = = total BKG I MCBKG  N(DF — 771, ) = 946158
total seeseees ttv, — — wrong tag+sig

B(D — p*v,) = (0.535 +0.013 4+ 0.016)% B(Df — v, ) = (5.21 4+ 0.25 + 0.17)%

*Note: B(DS — ptv,) is an independent measurement and well consistent with BESIII previous

result at 4.178 GeV. There exist anti-correlation between D — u*v,, and 7 (— 7t ir ),
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DI — 7T, at BESIII [EEE/

DS — 77v, via 7t — eTr., [arXiv:2106.02218|
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< 0.4 GeV

> 0.6 GeV, extrapolate to

ra

¢ Data
——— Best fit
¢ non-D bkg
........... D;—Xe'v, bkg
D}—Ke*v, bkg

- D'—>Kgr bkg for D —>KK

@ E!.. : the total energy
of the good EMC
showers, excluding FSR
and those associated in
ST
NESL = 4940 + 94

e B(Df — ttv,) =
(5.27 £0.10 £ 0.12)%

o o |Veel =
(244.4 +£2.3+2.9) MeV
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D;r — 7w, at BESII Averaged results

Averaged results

BESIII results
Mode B(Df — 7Fv;)
= atr%%,  (5.29 £0.25 £ 0.20)%
=7t (5.21+£0.25+0.17)%
)
)

s etved,  (5.27+0.10 +0.12)%
Average (5.26 +0.09 £+ 0.09)%

(The correlated uncertainties of single-tag yields, tag bias, 7F tracking/PID are
considered)

B(Der_>7—+l,T)4A17874A226/7_DJr

S

Test LUV: R(T/M)BESHI = B(D;%#+Vu)4‘178/TD+ =058+0.44

With the values of Gg, mp,, m;, and 7p, [PDG 2020],
For | Ves|E1274220 = (244.1 +£ 2.1 4 2.3) MeV fo1 | Ves[$1], = (246.2 + 3.6 + 3.5) MeV

The averaged fD;r|Vcs|BESIH = (244.7+1.8 +2.1) MeV
Note: B(D;” — ptv,) quoted from BESIII result @4.178 GeV
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Comparison of fp-

With the values of Gg, mp,, m., and 7p, [PDG 2020].
Input | Ves|ckMFitter = 0.97320 £ 0.00011

— T T T T T T T T T T T T
ETM(2+1+1) PRD91(2015)054507 247.2+4.1 e
FMILC(2+1+1)  PRDY8(2018)074512 249.9+0.4 .
FLAG19(2+1+1)  arXiv:1902.08191 [hep-lat] 249.9+0.5 .
HFLAV18 EPJC81(2021)226 254.5+3.2 ]
CLEO PRD79(2009)052002, T.v 251.8+11.2+5.3 ——
CLEO PRD80(2009)112004, v 257.0+13.3+5.0 ——
CLEO PRD79(2009)052001, t.v 277.1+17.5+4.0 —
BaBar PRD82(2010)091103, v 244.6£8.6+12.0  H—e—H
Belle JHEP09(2013)139, T, .v 261.1+4.8+7.2 HeH
BESIII 0.482 fb”!  PRD94(2016)072004, v 2455+17.8+51 F—e—
CLEO PRD79(2009)052001, pv 256.7+10.2+4.0 e
BaBar PRDS$2(2010)091103, pv 264.9+8.417.6 H—e—H
Belle JHEP09(2013)139, pv 248.8+6.6+4.8 e
BESIII 3.19 fb!  PRL122(2019)071802, pv 253.0+3.7+3.6 2]
BESIII 6.32 fb'l arXiv:2102.11734 [hep-ex], uv 249.8+3.0+3.9 HeHl
BESIII 6.32 fb-l arXiv:2102.11734 [hep-ex], T,V 249.7+6.0+4.2 (2]
BESIII 6.32 fb-l arXiv:2105.07178 [hep-ex], TV 251.6+5.9+4.9 [
BESIII 6.32 fb-l arXiv:2106.02218 [hep-ex], T.v  251.1+2.4+3.0 ol
BESIII | pv 319 b + v 6.32 b 251.4+1.8+2.2 ™ Combined

1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 100 200 300

fo. [MeV]
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Comparison of | V|

With the value of Gg, mp,, m;, and 7p, [PDG 2020].

Input fpr | ocp = (249.9 £ 0.5) MeV
T T T T I T T T T I T T T I T T
CKMTFitter PTEP2020(2020)083C01 0.973200.00011 .
HFLAV18 EPJC81(2021)226 0.969+0.010 .
CLEO PRD79(2009)052002, t,v 0.981:0.044:+0.021 b
CLEO PRD80(2009)112004, T,v 1.001+0.052+0.019 e
CLEO PRD79(2009)052001, T.v 1.079+0.068+0.016 e
BaBar PRD82(2010)091103, T,,v 0.953+0.033+0.047  HeH
Belle JHEP09(2013)139, 7, v 1.017+0.019+0.028 o
BESIII 0.482 fb!  PRD94(2016)072004, p1v 0.956:0.06940.020 o
CLEO PRD79(2009)052001, pv 1.000+0.040+0.016 e
BaBar PRDS$2(2010)091103, pv 1.032+0.033+0.029 ]
Belle JHEP09(2013)139, pv 0.969+0.026+0.019 1l
BESIII 3.19 fb!  PRL122(2019)071802, v 0.985+0.014+0.014 o
BESIII 6.32 fb'l arXiv:2102.11734 [hep-ex], pv 0.973+0.012+0.015 7]
BESIII 6.32 fb!  arXiv:2102.11734 [hep-ex], T,V 0.972+0.023+0.016 ol
BESIII 6.32 fb-l arXiv:2105.07178 [hep-ex], TV 0.980+0.023+0.019 [
BESIII 6.32 fb'l arXiv:2106.02218 [hep-ex], t,v 0.9780.009+0.012 L]
BESIII uv 319 b + 1v 6.32 b 0.979+0.0070.008 o Combined
L R TR S| L
-1 0 1
V|
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Summary

Precise measurements of D} — 771, and D} — u* v, using 6.32 fb~1

data at /s =4.178-4.226 GeV have been reported by BESIII

@ The precision (Stat.&Syst.) of B(D} — 77v;) has greatly
improvement (2.7 x) compared with the averaged CLEO result.

(6.4%—2.4%)

o Independent measurement of B(D;" — p"v,) is reported and
consistent with BESIII previous result at 4.178 GeV.

@ The precisions of fp, and |V.s| (BESIII) have reached ~ 1%

e R(7/p)prsmr = 9.58 4 0.44, consistent with SM prediction
(9.75 4+ 0.01)

Thanks for your attention!
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Overview: D — p*v,, 77v, (Belle collaboration)

Data sample: 913 fb~! near T(4S) and T(5S) [JHEP 09 (2013) 139]
(eTe™ — ¢C — DiagKfrag XfragDi ™, Di~ — D7)

Df — ptu, D — (= et veirr s

(a) electron mode

; k-3

N(Df — ptv,) =492 + 36
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(0.531 £ 0.028 + 0.020)%
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Overview: D — p*v,, 77v, (BABAR collaboration)

Data sample: 521 fb~! @ 10.58 GeV [PRD 82, 091103(R) (2010)]
(efe” — ¢ — DKXD;~, DX~ — D; )

Df — ptu, Df — 7 (— et ey )vr D — 77 (= pTvuir s

Events / 0.05 GeV¥c*
Events / 0.05 GeV

05 0 05 1 15 2 0
m2(DKXyu) (GeV/c?) E, s (GeV) Eopa (GEV)
B =(5.07+0.52+0.68)% B =(4.91+0.47 £0.54)%

B(DF — utv,) = (0.602 + 0.038 + 0.034)%
B(DF = 70, Yaye = (4.96 + 0.37 + 0.57)%
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