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

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

@ test the lepton flavor universality (LFU).
@ help to understand the internal structure of light scalar mesons(ao(980), fo(500)).
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Leptonic and semileptonic charm decays at BESIII

y data set at BESII|I
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The number of signal events is determined

by examining the kinematic variables of the
missing neutrino

Umiss = Emiss - ‘mmiss

Mr2niss = E12niss - |ﬁ12
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BESIII

Nucl. Instr. Meth. A614, 345 (2010
Magnet: 1T Super conducting ‘ ucl. Instr. 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
oz=0.6 cmVE Total data volume ~ 50 MB/s upgraded in 2015
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_BESIL pri122(2019)071502

R e
BESIT PrDo4(2016)072004 -~ data .
- [] BKGI: real ST D; and D;—u"v, but wrong y(r")
BESII1@4.009

3007 [] BKGII: wrong ST D or wrong D;'au*v“
24F g=|

BESIII©4.178 1135.0 £ 33.1

Events / (0.0175 (GeVic %)

Events / 16 MeV/c?
S
o

‘2 <b)§T+b si et‘>rn‘
2 1 L L il L
-0.15 -0: c,uiMo«G:j:%o. 015 0. _0.2 _0.1 0 , 0.1 0-2
M. (GeV /c?)
B(DF —ptv,)=(5.1740.7540.21) x 10~ ? B(DT — ptvy) = (5.49 4+ 0.16 £ 0.15) x 1073
B(Dt =7t v,)=(3.284+1.83+0.37)% fD+ [Ves| =246.2 £ 3.6 +£3.5
foo4 | Ves|=239+174+5 MeV with p+ ° +
Dj’l ‘ . BV R +:M71019i0.52
F o4 [Ves|=193£54£11 MeV with v, Dg (DT —utu,)

SM prediction 9 74 £ 0.01.
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Comparison of |V.,| and fp+

Inputs:
LQCD average:
PDG2018 from CKM unitarity: LQCD _
V| = 0‘973595(0/)'8881? Vi ;= 249.7 £+ 0.4 MeV
' fP=E(0)LQCP = 0.760 + 0.011

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) ¢ BESIII D, - nev S —)
Average (theory) .
BESIII D° - K uv HeH
CLEO-c (uv) H————-H
BaBar (uv) H— D, ~lv i
Belle (uv) H——-H
BESIII(a) (uv) D-Klv HeH
BESIII(b) (uv) H—o—irl
CLEO-C (7 5 ) ——H BYefiss kv @
BaBar (7.,V) —t—t—
Belle (Tre,V) W _cs 0947074013
BESIII(a) (7,v)
Average , ", |, Indirect | I e
200 220 240 \“260 0.8 0.9 1 11
fy: [MeV] v
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BEST

BESIII
Preliminary
Dt —>;L+ v

=)

10° Dt — uty,

D+~>7r+KLf“%
409 + 21

10°

=)

Number of events/0.02 GeV?
</

—

Number of Events

—_

01 02 03

-0.2 0 0.4 0.6 MM2 (GeV/c)?

0.2
M2, [GeVc

B(Dt — 7Fv;) = (1.20 £ 0.2454at) x 1073
B(DtT — pty,) = (3.714£0.19 4 0.06) x 1074
Fot |Vea| = 46.7 + 1.2 + 0.4 MeV fo+[Veal = 504 £5.0uar MeV
D+ dl = . . .
‘ First evidence with 40 statistical significance.

r(Dtortu, .
Ryt = FéD%ZﬁZ“; =3.21£0.64 SM prediction 2.66 £ 0.01.
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Inputs:

PDG2018 from CKM unitari LQCD average:
rom nitarity: LQCD _
2438 o ( fpi " =212.3+0.6 MeV

Vi.q| = 0.22438 + 0.00044
[Veal FP=7(0)LACP = 0,634 4 0.015

"
[ - —_
HPQCD (2+1) BESIHI D" - rev
RBCUKQCD (2+1) P
D-uv ——
ETM (2+1+1) L H
FMILC (2+1+1)
D-nv —t——t—
Average (theory)
Average
CLEO-¢ (uv) LA D (mlv <'_’_'>
BESIII (uv) h—
N e
BESIII (1v) I v
preliminary
Average (uv) @ Indirect ol
e e R e e I I |

| |
190 200 210 220 0.2 0.22 0.24
fy: [MeV] A
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¢ (GeVet) 2 (GeVie)

B(D® — K—pFuv,)

S22 (0)] Vel

(3.431 £0.019 £+ 0.035)%
0.7133 £ 0.0038 £ 0.0030

B(DFT — K%Fuv,)

(8.72+£0.07 £ 0.18)%

LP2019

Leptonic and semileptonic charm decays at BESII|

00 01
U, (Gev)

0.2 03

(DK ptuy,)

T(DY—=K—etwe)

0.974 £0.014

F(D+~>I_{Ou+uu)

(Dt —K%%tve) —

0.988 £0.033

Expected:
0.975 + 0.001
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Measure D — mutvy,, LFU test

BESIT PRL121(2018)171803

:E 800F o T[u Vi - gz‘:m D rPu*lvu_
=
g /0t 2O ] B(D® — 7~ ptv,) = (0.272 £ 0.008 & 0.006) %
123
g et M & SN . B(Dt = 7%uty,) = (0.350£0.011 £ 0.010)%
OO (vazzlc") o 00 (vazz/c‘) o4 LD —m— ptuy)
M M2 BT = 0.922 4 0.037
"': DO, el Data LQCD D' 10" (Dt —=%utv,) _
S ol [TERIE ' T(DF ey = 090420045
-%Dn = — = The LQCD calculations are taken from ETM'’s
£ 2 results published in PRD96(2017)054514, with
3
= +
3 - T(D—mpTvy)
154 Do) = 0.985 £ 0.002
o]
@ METTETE
0.57
0 3
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g4GeVict qz(GeVZI 4)
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D—K

Comparison of f

Inputs:
PDG2018 from CKM unitarity:

[Ves| = 0.9735970-00019 [Veq| = 0.22438 + 0.00044

. [ ——
BESII K ev BESII mtev
CLEOC Kev H——H CLEOC Tev —
BaBar K'ev H——
_ BaBar mev | S |
Belle Klv —t——t
- | e e S e |
BESIIl K 'ev e Belle v
BESIIl K{ev i BESIIl wev Lonen |
BESIII ng\} e BESIII m0ev ——
BESIII K pv Lag HFLAV bt
HFLAV (gl
HPQCD(2+1) —_—
HPQCD(2+1) —_
ETM(2+1+1) i
ETM(2+1+1) B e ———]
FMILC(2+1+1) — ey
FMILC(2+1+1) arXiv:1901.08989 —— arXiv:1901.08989
Avera%e — Average By
L L L ‘ L L ‘ i i L L ‘ L L L ‘ L L L L ‘ L L i i ‘ L ‘ L L L
0.65 0.7 0.75 0.8 0.55 0.6 0.65 0.7
DK DT,
£277(0) £710)
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First measurement FF of Df — nety,

Events / (30 MeV?/c4)

BESIT prL122(2019)121801

T
I
| ey,
AT

— LCSR calculation

LCSR uncertainties

1.5 0.2 04 06 0.8
qA(GeV¥c?)

(0)|Ves| = 0.4455 & 0.0053 % 0.0044

LQCD M_=470MeV

(0)|Ves| = 0.477 4 0.049 4 0.011

T

600} + 4150
L ,8"%e . .
400 -~ Simple pole
2000 [~ --- Modified pole
— Series 2 Par.
1,8V
[ Na®Ve
a0 T e
nww
20
L K
02 0 02 04-002 0 02 04 : -
MM (GeV¥ch) 0 05 1
+ + D:’ —n
B(DF — netve) = (2.323 £0.063 £0.063)%  f,
D —n'
B(DE — n'etre) = (0.824£0.073 £0.027)%  fi° "
T T T T T T T
CLFQM
caM ccam
3PSR —— caMm
ccam LCSR
LCSR Emm— LQCD M,=370MeV
LQCD M,=370MeV -
LQCD M_=470MeV -
LCSR
LCSR —
LcsR — LeSR
BESIII BESII
1 Il 1 Il Il Il 1 Il
01 02 03 04 05 06 07 08 09 01 02
£7"(0)
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Measurement of DT — netu,,

BESIT PRD97(2018)092009

FF,

n —n mixing

angle

|

J —=— Data

Simple pole
Modified pole
— Series expansion

L.

i

6of . @ Fren ® f.. ©
20 i 0005 [Ao% 061.2f 1% >12 6
+
E PE e A 4 EN
° " (d 50.4
g 20 e 0.0-06 5
§’ 10F
g 02
B 2 e, @
10 onTn,
S gy 0
01 0 0.1
U, (GeV)
B(Dt — netve) = (10.74 £ 0.81 £ 0.51) x 1074
B(Dt — netre) = (1.91+0.51+£0.13) 4
T T T T T T 1 Model independent
e determination of n — 7’
cean mixing angle ®p.
LesR r(DF s’ etve)/T(DF snetre)
LosR —_ T(Dt—n’etrve)/T(DF —netue)
~eotd
CLEO-c ~cot™ ®p
BESII °
. . . . . . J dp =(40.1+2.14+0.7)
0.2 0.3 0.4 | 0.5 0.6 0.7 0.8
£770)

LP2019

0.5 1
qAGeV¥ct)
pt
[y 70| Veal =

15

(7.86 £0.64 +0.21) x 1072

T T
LHCb 0
(Gluon excluded) Big=J/ym

KLOE 0
(Gluon included) 1Y

KLOE 0
(Gluon excluded) 9-M"'Y

CLEO Di-n'’ ey,
BESII Dy e,
I I I I I I
28 30 32 34 36 38 44
q)P(degree)
13 /24

Leptonic and semileptonic charm decays at BESIII



First measurement FF of D — K0ty

BESII prL122(2019)061801

dr/dg? (ns 'GeVc?)

<
8

3

Events/0.010 GeV?/c*
Events/0.010 GeV?/c*

Events/0.01 GeV/c*
N
8
Events/0.12 GeV’/c*

02 01 0 01 02 ¢ o (Geviict)

MM? (GeV?/c?) MM? (GeV?/c?)

401 (0) ®

Events/0.2
Events/0.2
|

B(DF - KOt v.)=(3.250.38+0.16)x 10~ 3 10 ®
D;LAK

I

0 = =
(0)|Voq|=0.162+0.019+0.003 T R

B(DF —-K*%etv,)=(2.3740.2640.20) x 103
S 4 () _
TV = Z oy rv=1.67£0.340.16

_ A5(0) .
T2 = Fi(p) r2=0.770.2840.07 2 adans)

Events/0.2n

D KO + 70
fi . (O)O/ch +_) 0(0) =116 £0.14 £ 0.02 Agrees with U-spin (d < s)
ros T TP = 1134026 £0.11 symmetry.
Df K0

Ty rPT=0" Z 0,93 +0.36 £ 0.10
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Observation of D — a((980)e™ v,

BESIL prL121(2018)081802

=]
©

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

0 (98

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.

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

M, (GeV/c?) U(GeV)
Decay BF (x10~ %) Significance
D% — ag(980) "eTre,a0(980) " — nr—  1.33T0-35 £ 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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Observation of D — mme™ v (S

Signal mode BF (x10~3)
BES]]I PRL122(2019)062001 DO r—n0cto, 1.44540.058+0.039
e ! | | — ! ! | ! . 0., — +
150 DOy n 1 300 [ D+4>7r#7r+c+uc B 1_3'— %p_ e+ Vi 1.4454+0.0484+0.039
s (a) 1s (b) 1] Dtsr—nTetw, 2.44940.074-40.073
., 12 1 Dtp0ety, 1.860+0.07040.061
s F Je¥r 1 DT owetw, 2.05+0.6640.30
= 1% ] + 55 +
2 18 ] D_ ?_fo(\)ooz:, e 0.63040.04340.032
§ sl 100 |- ] f0(500) »mt
@ @ 1 Dt —f(980)etre <0.028
i f o ‘ £0(980) 7t x ™ )
o 0.2 -0.1 0 0. ] o 0.2 0.1 [) 6.1 0.2
Upiss (GeV) Ue6 (GeV)
ry = 1.695 + 0.083 £ 0.051 79 = 0.845 £ 0.056 + 0.039
R=[B(Dt = f3(980)etve)+B(D1 = fo(500)etve))/B(DT —ag(980)etve)>2.7
< - 150f 300¢ T
100 i (a) 7~;° _ (d) _ (e)
3 @ B
© pO_ wOetue 18100 o0l [ f ,gzoom
3 2 1 s
S sof 1< 5 5 100k 1
E it ERL 2100 [— - 2 R
S [ 3 I -
& LT & | , , , ,
0.5 1 [ -2 0 2
mm,(GeV/cz) x
< T ) 52000 E| 400 400F T T AN
§|50 wiznu I | (g) AAOO . _ (l)
3 % 1soff i 2 200 1
S g ! flt g™ = S OOM
2 S 100 t 3 £200f Zu Z 200
% 50 1 12 100k 15 100f FERT: q
& ool e —— ]
-1 2 0 2
) x
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Observation of D* — K;(1

Semileptonic D transitions into P-wave states were predicted 30 years ago, but not
experimentally confirmed yet. Predictions of ISGW2 model[PRD52,2783(1995)]:

B[DYH) — K1(1270)~@ety.] — 0.1%(0.3%). Evidence of DO — K7(1270) et ve has been
found by CLEO Collaboration[PRL99,191801 (2007)]. In theory, the predicted BFs are sensitive
to K1 mixing angle(0g, ) and its sign[PRD79,036004(2009),EPJC77,369(2017)].

BESIT arxiv:1907.11370 B[DT — K1(1270)%etv] = (2.30 4 0.26 £+ 0.18 £ 0.25) x 1073

40, 30y
1ef < -
@ < % 3

< . = = 20
L L Q
E 1.4 8 20 7
[2) =

2 2 o 10|
1; 1.2 § 10 @

= : w |

d 5

1.0 . 0 =< 0

i L L -5 -5

-0.10 -0.05 0.00 0.05 0.1 1.0 1.2 1.4 16 -0.10 -0.05 0.00 0.05 0.1
U iss (GEV) Mo (GeVIC?) U iss (GEV)

Our result indicates Ok, ~ 33° or 57° and opens up opportunity to precisely study
nature of K7(1270).
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@ Precise measurement of decay constants, form factors and quark mixing
matrix elements — precision improved with BESIII measurement.

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

@ Study the nature of light scalar mesons — tetraquark description favored
with BESIII's results(ag(980), fo(500)).

Thanks for your attention!
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Back up
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Events /(2.5 MeV)

4000

2000

0
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200
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0.2

BESII PrD92(2015)072012

Iy
AT/q? (ns'GeV%c?)

D'-Key,

—e—data

— Single pole model ]

Modiied pole model
--- zseries (2 par)
-1-.- 2 series (3 par.)

2.0

DK,
——data
— single pole model
Modified pole model
-« zseries (2 par)
-1-.- 2 series (3 par.)

1
@ (GeVZ/c?)

0.5
0

0.5 1
@ (GeV?c*)

AT/q? (ns'GeV%c?)

—e—data

T
Dlorey,

— Single pole model

Modiied pole model _|
=== zseries (2 par)
-~ 2 series (3 par)

(o)

2
o

f

oL

Doy,
3 [~ —e—caa
— Single pole model
Modified pole model
- == zseries (2 par)
-1=- 2 series (3 par.)

1 2
¢ (GeVZict)

1 2
@ (GeV?c?)

B(D® — K—etwve)

(3.505 £ 0.014 £+ 0.033)%

FP7R(0)[Ves|

0.7172 £ 0.0025 % 0.0035

B(D® — m~eTve)

(0.295 £ 0.004 £ 0.003)%

F27T(0)[Ved]

0.1435 £ 0.0018 £ 0.0009
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Measurement of D™ — K%(7%)etv,, f75™(0)

BES]II ERD96(2017)012002 B(DT KOt (via k%) (8.60+0.0640.15)%
% 20’(3) D+AK0 1, ff"K(O)\VCS\ 0.7053-£0.004040.0112
e
5157 1 B(Dt 7%t u,) (0.363+0.00840.005)%
o fD‘”"(O)| al 0.1400£0.0026+0.0007
<ol ]
> 0 B(D+~>K0 tue) (V|a K9)  (8.96240.054:£0.206)%
S 57 ] ff"K(O)\VCS\ 0.728+0.006+0.011
& .
01 0 01 02 100 T e
Uy (GoV) _ R ol )
S a0l T Gmmerinodd ] qq [ - SmlePoe Model 2
o x10? of Modified Pole Model Modified Pole Model
- 3 2 1SGW2 Model G2 Model 1
z (b) { p+on e?ruﬁ G eop EIP ] gt ]
o 2r } g =
4 =40l B 10F B
I # By
- 3
; 1t 1 5 20f N o8 4
‘a:'; L L L
o . % 2 % 2
-0.2 0 0.2 0.4 o (GeV3/c)
Umiss (Gev) 25 T 3.
D ey,
g, I PRD92(2015)112008 Foof ] 25f
< aooply 1 L
3 Sosl DN ][ — e
S 400 o N = e o
s L £
= Mg
= 3
2
£ 5
<
w

22 (GeV?/ch
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Dt - K ntety,

BESIT prDo4(2016

032001

—

%500 T data L
Z4000F — 1% 10 f
o} B ronsgna oo ] O
130000 D comtmatoiaie] 12 ]
%zooo— q § 0 ]
£ 1000F 1%
> > i3
BOo8ET0s 1 12 14 16 06 08 1 12 14 16

mKn(GeV/cZ) mKn(GeV/cz)
To
5500— iz )
3 400 e ry = V(0)/A1(0) = 1.411 + 0.058 £ 0.007
g 300 {3z
< 12 7y = A5(0)/A1(0) = 0.788 £ 0.042 £ 0.008
2 100F E
g
2 0204 06 08 1 12 =50 05 A1(0) = 0.589 £ 0.010 £ 0.012

qA(GeV¥ch cosf,

600F 50 Not included in the nominal fit:
e
3 E 00 E _
g 13 :OUM B(Dt — K*(1410)%tv.) (0 £ 0.009 =+ 0.008)%
2 30 " 13 < 0.028% (90% C.L.)
] 2 200 _
S 200 15 B(DT — K3(1430)%%ve)  (0.011 = 0.003 + 0.007)%
= 100; | @ < 0.023% (90% C.L.)
55 0 05 1 L e R T R
cosBy x
P(K*(892)0) Simple Pole plus (3.54 4 0.03 + 0.08)%
BW with mass-dependent width . . . °
o * 0 LASS plus
S(K {5 (1430)" and non-resonant part) BW with mass-dependent width (0.228 £ 0.008 £ 0.008)%
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DY - K%~ ety, and Dt — wetw,

<00} o] % BESIT prDo2(2015)071101
K] it 3 9
= —bkg o FasoF (@ 3 160) (b) & 120f ©
5 s ¢ 8140 H
€ so0f s g™ g1 8
H 2 2 150) S 100 & sof ]
g 5 : iy
w > . @00 @ 60| I,
& 7 70
10! % ST
02 -01 0 01 02 0.8 1 1.2 7/ N I,
o Y 7 270207
U, (GeV) My, (GeVic®) 8577655 o6 oss 07 02 04 06 08 1 12 14
) F(GeVAcY)
< 200F N < 14 3
) © (@ 8l ) 3 i %) H
s 1ot S 5120 H
@ 150 ~ 200 £ 120 100k 3
4 S ; 2 100 % H
3 1 2 ral u a £ sof §
S 100 H o 2w t &
= o 100f 7 77
z a + i wb 7770 Rttt
g ™ 777777/
w B OFEITTTTS Y
0204 0608 1 05 0 05 coso, x U(GeY)
¢ (GeVA/ch) coso,, Dt & wetw,
© 200k ®
_ 300 | = f
S S 150 4t Y
2 2001 Tty 3 ' =
5 w100 B(DT - weTve) (1.63+£0.11£0.08) x 10~ 2
&
100 g g rv 1.24 £ 0.09 £ 0.06
] 9 1.06 + 0.15 + 0.05
05 0 05 2 0 3
cost, % (radians)

DY — Koﬂ'76+llﬁ

S((K7)3_wave)  (7.90 £ 1.40 £ 0.91) x 10° % P(K*(892) )  (1.355 & 0.031 & 0.032)%
rv 1.46 £ 0.07 %+ 0.02 ro 0.67 & 0.06 + 0.01
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0.567 fb—! data @4.6 GeV

BESIT pri115(2015)221805 Previously expected: 1.4% — 9.2%.

L A;" —)Ae+ue
30 BAT — Aetre) = (3.63 £ 0.38 £+ 0.20)%

20r BAT — Aptu,) = (3.49 £ 0.46 + 0.26)%
L et
10 LA =AeTve) — (.96 +0.16 + 0.04
T(Ac _>AN‘+V;L)
i . L
-0.2 -0.1 0 0.1 0.2
BESIT pLB767(2017)42
wf PRL118(2017)082001

:r—>Ap,+uM

2l B(Aj’ﬁ»Ae+ue):(3.80j:0.19LQCD:«:0.117AC)%

B(AF —ApTv,)=(3.69£0.191,qcp 0. 11ry )%
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