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LQCD.

test the lepton flavor universality.

BESIII Charm meson leptonic and semileptonic decays at BE:

test the unitarity of quark mixing matrix and search for new physics.

help to understand the internal structure of light scalar mesons.

v (0)
V=410
_A2(0)
IO

test the theoretical calculation on decay constants and form factors, especially
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Experiments at the charm factory

Pair production at threshold, high efficiency and very low background.
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hadrons

BESIII

With fully reconstructed tracks, neutrino information
can be accessed via missing energy and momentum

Umiss = Emiss - ‘ﬂmiss
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BESIII

‘ Nucl. Instr. Meth. A614, 345 (2010)

Magnet: 1T Super conducting

DC: small cell & Gas:
He/C;H; (60/40), 43 layers
0,,=130 pm
o,/p=0.5% @1GeV
df/dx=6%

TOF:
op= 100 ps Barrel
110 ps Endcap

Muon ID: 9 layers RPC
8 layers for endcap

1

EMC: Csl crystal, 28 cm Data Acquisition:
AE/E =2.5% @1 GeV Event rate =4 kHz 60 ps for ETOF after
o0z=0.6 cmVE Total data volume ~50 MB/s | upgraded in 2015
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DY leptonic decays

BESII PRL122(2019)071802

R L L B B L

BESIT prD94(2016)072004 - = data E
[ BKGI: real ST D] and D{—y*v, but wrong ya 7
[ [ BKGIIL: wrong ST D_ or wrong D/ —u*v, =

w
o
o

BESII1©4.009
#EST D Signa] Fegion g

Events / 16 MeV/c?
S
?

8 F BESIII©4.178 1135.0 £33.1 1
@ 100
‘2 (b)‘ST+‘D ;i et‘y n‘
015 -01 005 0 005 01 015 0.2
-0.2 -0.1 g .y A 2
My, (GeV/c?)
B(DF —pFv,)=(5.174£0.75£0.21) x 10~3 B(DF — ptvy) = (5494 0.16 £ 0.15) x 10~3
B(Dt =7t v,)=(3.284+1.83+0.37)% Ipr [Ves| =246.2 £ 3.6+ 3.5
f 4 |Ves|=239+17+5 MeV with utu, ° o
o IVer! T R, ;=227 ¥ _ 1019 40.52
F o4 [Ves|=193%54£11 MeV with ++v, Dg (DT —ptvy)

SM prediction 9.74 + 0.01.
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Comparison of |V.,| and fp+

Inputs:

PDG2018 from CKM unitarity:
|Ves| = 0.97350+ 55001

LQCD average:
FR3OP = 249.7 £ 0.4 MeV

fP=E(0)LQCP = 0.760 + 0.011

fo: [MeV]

BESIII Charm meson leptonic and semileptonic decays at BE:!

HPQCD (2+1) [ BESIII D" - K Jev H——H
XQCD (2+1) ——
RBCUKQCD (2+1) et BESIII Dy ~ n'ev
ETM (2+1+1) F——i
FMILC (2+1+1) r BESIIl D, — nev —_——
Average (theory) .
BESIII D° - K uv HeH
CLEO-c (uv) H————-H
BaBar (uv) H—— D, —~lv -
Belle (uv) H——-H
BESIII(a) (uv) —_— D-Klv HeH
BESIII(b) (uv) H—o—irl
CLEO-C (7 5 ) ——H BYefiss kv s
BaBar (7.,V) —t—t—
Belle (T,,,v) i+ W _cs 0.94777+0.13
BESIII(a) (7,v) 10.000074
e Indirect . 0.973304
Average | |, | o, oy T perest ) N Toqoogs
200 220 240 260 0 8 0.9 1 1.1
v
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D7 leptonic decays

R

S]]I arXiv:1908.08877, accepted by PRL
BESIT proso(2014)051104 gAMGALAAAAAAAM MMARRRALL

10° Dt — pty,

409 + 21

g

10°

N
S

3

10

Number of Events

Number of events/0.02 (GeV/c?)?
I
8

-03 -02 -01 0 0.1 0.2 03

0.2 0.4 0.6 M. (GeV/c®)
M2, [GeVc

B(DT — 7Fv;) = (1.20 £ 0.24 £ 0.12) x 1073
B(DtT — pty,) = (3.714£0.19 4 0.06) x 1074

Fo+|Ved| = 50.4 £ 5.1 4+ 2.5 MeV
Fpt|Vea| = 46.7 + 1.2 + 0.4 MeV

First observation with 5.1¢ signal significance.

T D+ + - ..
Rp+ = F@%}m =3.2140.64 +0.43 SM prediction 2.67 + 0.01.
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Comparison of V4| and fp+

Inputs:

PDG2018 from CKM unitarity:

‘Vcd| =

0.22438 £+ 0.00044

LQCD average:

FEIOP =212.340.6 MeV
fP=m(0)LRCD = 0.634 +0.015

B L e o S e B L B T I T | T
M- ——
HPQCD (2+1) BESII D" - rrev
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D- — ity
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D-r1v L
FMILC (2+1+1)
D-mv ——t——t—
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CLEO-¢ (uv) 11111111 D-(mlv T
BESIII (uv) U
_
BESIII (1v) N
Average —— Indirect ]
T S S T T ST O AR O | | | | |
190 200 210 220 0.2 0.22 0.24
fy- [MeV] vV
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Dt — K%7%)et
BESIT (PRD96(2017)012002
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D — Ku'y,

3 PRL122(2019)011804 BGS]H EPJC76(2016)369
BESIT x10
> ) ! T a000f - =
g 3+ ) K.“+Vu — 30001~ KO—snxta— 1
0 il
S g 1
2 ¢ ROSn070 ]
o & s00p h DT S KOxHgr0
IE . 2001~
-0.1 100
Umiss (GeV) L ey o;tyf (G \?{;; ~o7 05

(DK~ putuy,)

o I'(DY—K~etv,)
z
i 0.974 4 0.014
g + g0+
T(DT—=K"pu"v,)
0.5(12 (Ge\"zlc") e 0'sqz (Ge\1ﬂ/c‘) e 0'5ql (Ge\1ﬂ/c‘) '8 (Dt—K °€+V:)
B(D" > K putv,) (3.431+0.019£0.035)% 0.988 +0.033
fP75(0)|Ves| 0.7133 4 0.0038 + 0.0030
B(Dt — K% Tu,) (8.72£0.07 £ 0.18)% Expected:
0.975 4 0.001
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D — muty,

BESIT PRL121(2018)171803

:
!

Data
oo T[p vy —— - Signal
BKGI

BKGII
-__BKGIII

Events/(0.007 GeV?/c’)

j77/0ﬂ+R()

0—%0 o2 04 00 02 04
M2, (GeVZIct) M (Vi)
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R D~ i’y ATIAGE (1=8) - == S
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p Riey -+
2
T 2
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2
e 4 R +
0.5
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1 2
g4GeVict

qZ(GeVZI 4)

B(D® — 7~ ptv,) = (0.272 £ 0.008 & 0.006) %

B(D* — 7%uty,) = (0.350 £0.011 4+ 0.010)%

r(DO%—rutv,) .
W_e‘hj:) =0.922 £ 0.037

(Dt —=%utv,) _
m = 0.964 £+ 0.045

The LQCD calculations are taken from ETM'’s
results published in PRD96(2017)054514, with

T(D—rptv,) _
m = 0.985 £+ 0.002
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Comparison of fP~%(0) and f27™(0)

Inputs:
PDG2018 from CKM unitarity:

|VCS| = 0~97359t8:888£

[Vea| = 0.22438 = 0.00044

2750

BESIII Charm meson leptonic and semileptonic decays at BE:!
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Dt - K ntety,

BESIL prD94(2016)032001
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D — mrety,
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D — K&0ety,

BESII prL122(2019)061801
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Comparison of ry and ry with theoretical calculations

D" - ple’ v, D' - we' v,
BESII —t R BESII e
CLEO — —_—
CCQM —_— CcCQM —_—
cQm
LFQM . . LFQM
LCSR . . LCSR . .
HWT ) . HWT 10)
o5 1 15 95 1 15
D LK e v, s - K v,
Baar b e BESIII
BESII K — —
BESIIK"™ — —
FOCUS ccom —
cCQM —_——— cQm
QoM : : LFQM
LR LCSR
LCSR
HWT D HMXT
o5 1 15 o5 1 15
2 v 3 v
CcCQM arXiv:1904.07740 CcQM PRD62(2000)014006
LFQM JPG39(2012)025005 LCSR Int. J. Mod. Phys. A 21(2006)6125

HMxT  PRD72(2005)034029  (not applicable?)
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D — ap(980)e v,

BESIT PRL121(2018)081802 A model-independent way to study the
nature of light scalar mesons proposed by
PRD82(2016)034016

=]
©

_BDY —£5(980)etve)+B(DT — £ (500)e T ve)

R B(DT —aq(980)%ctue)

R=1.040.3 for two-quark description;
R=3.040.9 for tetraquark description.

Event/(0.05GeV/c?)
Events/(0.04GeV)

Dt 3498

We have R>2.7 @90% C.L. at BESIII
Which favors the tetraquark description.

0.8 1 1.2
M, (GeV/c?) U(GeV)
Decay BF (x10~ %) Significance
D% — ag(980) "eTre,a0(980)" — nr—  1.3370°35 +£0.09 6.40
+0.81
Dt — ap(980)%etve, ap(980)° — nxl 1.66Z¢ g 011 2.90

< 3.0 (90% C.L.)
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Dt — K(1270)% "y,

First observation of D meson semileptonic decay into axial-vector mesons.
Provide insight into the mixing angle of 1 P; and 3 P; states Ok, -
Test various theoretical calculations.

Provide important input to study the photon polarisation in B — K1y by measuring the
ration of up-down asymmetries of 0 and 6; (more statistics needed). (See Dr.
Zhen-Xing Zhao's talk)

BES]]I arXiv:1907.11370, accepted by PRL

N

3

Lo @ s o | s
3
& 2 = 20
g A
E 1.4 @ 20F 4 E
= 2 ) § 10
fE 19k 5 10F i A 2
= o
g 5 5
1.0 . =< 0 =< 0f
e n . -5 -5
-0.10 -0.05 0.00 0.05 .1 1.0 1.2 1.4 16 -0.10 -0.05 0.00 0.05 .1
Uniss (GeV) My (GeVIC) Uniss (GeV)

B(Dt — K1(1270)%etve) = (2.30 £ 0.26 £ 0.18 £ 0.25) x 1073

The measured BF agrees with CLFQM and LCSR predictions when 0, ~ 33° or 57° and

clearly rules out the case when setting 0, negative.
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D — yetu,

Not subject to helicity suppression.

Only photon energy larger than 10 ><"’ e o (‘
MeV are considered. " e >?< s
The BFs are predicated to be . - 5 v

10~5-10~3 in various models. >«”N< >K

BESIT prDOs5(2017)071102 BESIT prD99(2019)072002
1507‘ L L T T |-
> : ; 20} +dDj"a“1‘e‘Ve
[} r 2 L Dt ety ;g::;;‘v,mc
= 100~ - 15  ° € other bkg
o - = L
= I T 0
§2) [ 5 10F
& sor g T
SO g T
] r o 5
: L ; ?
. b -0.2 -0.1 0 0.1 0.2 0.3
Umiss (GeV) U,,(GeV)
B(Dt — yetwe) < 3.0 x 1075 @90% C.L. B(DF — yetwe) < 1.3 x 10~4 @90% C.L.
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Summary

@ Precise measurement of decay constants, form factors and quark mixing
matrix elements — precision improved with BESIIl measurement.

@ Lepton flavor universality test — no evidence of violation found in the charm
sector at the precision of 1.5% for CF decays and 4% for SCS decays..

@ Study the nature of light scalar mesons — tetraquark description favored
with BESIII's results.

@ First observation of D meson semileptonic decay to axias vector meson at
BESIIIL.

Thanks for your attention!
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