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Motivation

M x |‘/(s(d)‘H‘uLu
@ test the unitarity of quark mixing matrix and search for new physics.

@ test the theoretical calculation on decay constants and form factors, especially
LQCD.

@ test the lepton flavor universality.
help to understand the internal structure of light scalar mesons.

@ measure the semileptonic Al decays.
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y data set at BESII|I
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) The number of signal events is determined
K .. . . .
Baig = — N_DT _ by examining the kinematic variables of the
Nérehr/esr missing neutrino
EZST/DT: The efficiency of ST/DT Usiss = Fmiss — |Plmiss

Bt : The BF of ST/DT
ST/DT / M2 = Eiss — |P12iss
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BESIII

Nucl. Instr. Meth. A614, 345 (2010
Magnet: 1T Super conducting ‘ ucl. Insir. Me ( )

DC: small cell & Gas:
He/C;H; (60/40), 43 layers
0,,=130 pm

o,/p =0.5% @1GeV
df/dx=6%

op= 100 ps Barrel
110 ps Endcap

Muon ID: 9 layers RPC
& 8 layers for endcap

EMC: Csl crystal, 28 cm Data Acquisition:
AE/E =2.5% @1 GeV Event rate = 4 kHz 60 ps for ETOF after
0z=0.6 cm/VE Total data volume ~50 MB/s | upgraded in 2015
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DY leptonic decays
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K B(DT — ptvy) = (5.49 4 0.16 £ 0.15) x 1073
4 n Fp+|Ves| = 246.2 £ 3.6 + 3.5 MeV
-0.15 -d.l -0.05 [¢] 041‘)5 0‘.1 0.‘15 0.2 F(D:’—>T+U7)

MM? ((GeV/c??) RD;r = m =9.98 +£0.52

SM prediction 9.74 £ 0.01.
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Comparison of |V

Inputs:

PDG2018 from CKM unitarity: LQCD average:

FE3OP = 249.7 0.4 MeV

B 40.00010
[Ves| = 0973597550011 FP=E(0)LQCD = 0.760 £+ 0.011
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XQCD (2+1) —
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FMILC (2+1+1) . BESIII D, - nev A
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CLEO-c Average  —
(Trep¥) e Yo _kiv @
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Belle (7,,,v) ——— W _cs 0.947737+0.13
BESII(@) (7,v) . +0.000074
Indirect 0.973394
Average , |, |, o, |, D1 il PP PTG B e st LY
200 220 240 260 0.8 0.9 1 1.1
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D7 leptonic decays

BESIT pro89(2014)051104
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M2, [GeV?c*]

B(Dt — 7Fv;) = (1.20 £ 0.245¢at) x 1073
B(Dt — pty,) = (3.714£0.19 £ 0.06) x 10~4

fD+ |Vcd‘ =504 :|: 5~Ostat MeV
I+ |Vea| = 45.75 4 1.20 & 0.39 MeV

First evidence with 4o statistical significance.

r(Dtortu, .
Rpt+ = Fél)%m =3.214+0.64 SM prediction 2.66 4+ 0.01.

Consistent

BESIII Semileptonic and leptonic charm decays at BESIII 7/ 26



Comparison of |V4| and fp+

Inputs:
PDG2018 fi CKM unitarit LQCD average:
rom unitarity: LQCD
fpi " =2123+£0.6 MeV

|Vea| = 0.22438 + 0.00044 FP7(0)MACD _ 0,634 £+ 0.015
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Dynamic study of D' — K~ (77 )eTv,
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<P(p2)|V¥|D(p1)>=f+(q )[P“*iq“Hf ()~ 5-2¢*  ¢"L,—0 when
my — 0
Single pole model: f+(q2) = f+7(02) Modified pole mode: f+(q2) = 5 LR 5
1-—¢ - % —)(-art—)
pole pole pole
z series(2 par): f4 (1) = mao(to) x (14 r1(to)[z(t, to)])
z series(3 par): f4.(t) = mao(fo) x (14 r1(to)[2(t, to)] + r2(to)[2(t, ta)]?)
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B(D" -7 efve)  (0.295£0.004 £0.003)%  JP 7 (0)[Vea|  0.1435 £ 0.0018 % 0.0009
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Dynamic study of D™ — K%(7%)efu,

BESIT PRDY6(2017)012002
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Dynamic study and LFU test with D — Ku'v,

T xig? PRL122(2019)011804 BESIT epJc76(2016)369
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Umiss (Gev) X T - T 03

Uiy GeV)
F(DO—»K_ nrry)
N(DO—K—etv,)
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—.: 0.974 +0.014
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Consistent
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Test of LFU with D — wu*v,

BESIT prL121(2018)171803
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D—K

Comparison of f

Inputs:
PDG2018 from CKM unitarity:
0.00010

[Ves| = 0.97359T0-0001% [Veq| = 0.22438 + 0.00044
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First measurement of FFs of D — nety,
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Measurement of DT — netu,,
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First measurement of FFs of
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Observation of D — mme™ v (S

Signal mode

BF (x10~3)
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First measurement of FFs of D — K¢ty

)
BESII prL122(2019)061801 :
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Observation of D — a((980)e™ v,

BES]]I PRL121(2018)081802 A model-independent way to study the

nature of light scalar mesons proposed by

PRD82(2016)034016
980p) " e

- Oi R BIDT = £0(980)e T ve)+B(DT = f4(500)eFve)

S > B(DT —ag(980)0eFue)

0 >

gzg s R=1.0+0.3 for two-quark description;

§ . § R=3.040.9 for tetraquark description.

o 1]

0 (98 We have r>2.7 @90% C.L. at BESII|

Which favors the tetraquark description.

M, (GeV/c?)
Decay BF (x10~ %) Significance
D% — ag(980) "eTre,a0(980)" — nr—  1.337055 £ 0.09 6.40
+0.81
Dt — a(980)%etve, ap(980)° — nxl 1.66Z¢ g + 011 2.90

< 3.0 (90% C.L.)
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Semileptonic D transitions into axial vector meson were predicted 30 years ago, but not
experimentally confirmed yet.

In theory, the predicted BFs are sensitive to K1 mixing angle(fx, ) and its sign
[PRD79(2009)036004, EPJC77(2017)369].

BESIT  arxiv:1907.11370 BID+ — K1 (1270)%* o] = (2.30 £ 0.26 £ 0.18 £ 0.25) x 10~3
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e 4 o 10|
g g 10 @
= : w I
. 5
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L . - -5 -5
-0.10 -0.05 000 005 0.1 10 12 14 16 010 005 000 005 01
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miss

Our result indicates Ok, ~ 33° or 57° and opens up opportunity to precisely study
nature of K7(1270).
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Absolute branching fraction of A} — Al

0.567 fb—! data @4.6 GeV

BESII pri115(2015)221805
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Previously expected: 1.4% — 9.2%.
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Absolute BF of inclusive decay AT — XeTv,

BESIT pri121(2018)251801
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AT — A(1405)etv.  0.38+0.38 PYTHIA BT SXetve) T : )7
Aér — net v, 0.27 £ 0.27 PYTHIA
" " AT o xeto) This ratio is predicted to be
= . .
Result Al = XeTre f(gﬁx(ﬁye) 1.67 using an effective-quark theory
BESIII 3.95 + 0.35 1.26 £ 0.12 calculation
MARK Il 45+£1.7 1.44 4+ 0.54 1.2 based on a calculation using the

heavy-quark expansion.
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r radiative semileptonic decay D — ve'v,

Not subject to helicity suppression.

Only photon energy larger than 10 >< ‘ T

MeV are considered. —a " ><, - 5
The BFs are predicated to be c e 7 o s !
10751073 in various models. >~”N< >“§< &
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@ Precise measurement of decay constants, form factors and quark
mixing matrix elements — precision improved with BESIII

measurement.
o fp+|Vea| ~2.8% ° fD_HVcs| ~ 2.0%
o frO)lVes| ~ 0.6% o [P7T(0)[Ved| ~ 1.4%

@ 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.

© The results of (ag(980)et v, fo(500)e™v) favor the tetraquark
description.

@ First measurement of absolute branching fractions of semileptonic A}
decays.

© Upcoming data at BESIII — more results to be expected.
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Back up

BESIII

nileptonic and leptonic charm decays at BESIII




Dt - K ntety,

BESIT prD94(2016)032001

L0 e % S
g (=R, C
Q13000 [EE3 combinatorial bkg| g_
22000+ ER
élUUU* k| é
2 B Il
= 6 08 1 12 14 16 = 06 08 1 12 14 16
mKR(GeV/cz) mK,{(GeV/cz)
2 0
E 5005 I
g jgg F ry = V(0)/A;(0) = 1.411 £ 0.058 + 0.007
S g
3 2008 - ro = A3(0)/A1(0) = 0.788 + 0.042 + 0.008
2 1008 E
5
& 0304 06 08 112 A1(0) = 0.589 & 0.010 & 0.012
qAGeVct)
s00E T T T Not included in the nominal fit:
2 so0 E S B(Dt — K*(1410)%etv,) (0 4 0.009 %+ 0.008)%
S 400 ' 4 1S < 0.028% (90% C.L.)
£ Zgg iz B(Dt — K3(1430)%%v.)  (0.011 = 0.003 + 0.007)%
@ ok 1z < 0.023% (90% C.L.)
=1 0.5 0 0.5 -3 -2 -1 0 1 2 3
cosOy

Simple Pole plus
BW with mass-dependent width
LASS plus
BW with mass-dependent width

P(K*(892)%) (3.54 £ 0.03 £ 0.08)%

S(K¢ (1430)° and non-resonant part) (0.228 £ 0.008 £ 0.008)%
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