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Outline

> Introduction
>Pure leptonic decay: D — u*v,

» Semi-leptonic decay:
Df - n et v,
D} - K®0 et y,
DO 5 =@ pty,
D’ - K- utv,
D%* - ay(980)/%etv,
D/ - /0 et v,

» Summary



Main goals

D ) pure leptonic decay D ) semi-leptonic decay

** Decay constant f,+, form factor FX(0): better calibrate Lattice QCD;

% CKM matrix element |V ., |: better test the unitarity of the CKM matrix;

** Lepton flavor universality test.



Beijing Electron Positron Collider (BEPCII)

in China
A double-ring collider with high luminosity

T
N Beam energy: 1.0 -2.3 GeV

%ﬁ 2004: started BEPCIl upgrade,
; » BESIII construction

3 (’ @& | 2008: test run
ST "

" 2009-now: BESIII physics run

BESIII

detector 8 - 1989-2004(BEPC):
: Locax = 1.0 x 103! /em?s
Locak = 1.0 x 10°3/cm?s

(Achieved on Apr. 5, 2016)



BESII| detector

Nucl. Instr. Meth. A614, 345(2010) _ 5600

From inner to outside:

43 layers; Oy =130 um ;

MDC: small cell & Gas:He/C;H4(60/40), || | |||
o,/p =0.5% @1 GeV; dE/dx = 6%

TOF: o;=100 ps Barrel, 110 ps Endcap

GeV; oz=0.6cm/\/E IIII & 3539 ?’% Q'~ s enatats

EMC: Csl crystal, 28 cm; AE/E = 2.5% @1 )= o |||||||

Magnet: 1T Super conducting

Data Acquisition:
Event rate = 4k Hz
Total data volume ~ 50 MB/s

MUC: 9 layers RPC, 8 layers for endcaps



D°™) and D data set at BESIII

> D) data:
" Taken@ E_,; =3.773 GeV
= |Integrated luminosity = 2.93 fb™!
(The world’s largest e* e~ annihilation sample taken at the mass-threshold)
= cross section: a(ete™ — D°D?%) ~3.6 nb = 21 M D produced!
= cross section: o(ete” > D*D”)~ 2.9nb =16 M D" produced!

> D} data:

"@ E s =4.009 GeV
* Integrated luminosity = 0.482 fb!
og(ete” - D{D;)~0.3nb=0.3M D, produced
* D¢ is produced in pair with equal mass

"@ E,,,s =4.178 GeV.
*Based on the data accumulated in 2016!
Integrated luminosity = 3.19 fb
‘g(ete” > D;D,)~1nb=~6M D, produced!!



D} pure leptonic decay

V

2 £2
+ GF fD(Z) 2 2
In the SM: F(D(S) - l+v) = ar |Vcd(s)| mj mD(J;) (1 —

Measure the product of f,+ and |V | directly

Bridge to precisely measure

* Decay constant f,+ with input |V |CKMIitter

LQCD

* CKM matrix element |V ¢| with input f




ete” » D;*Dy 3.19 fb'* @4.178 GeV

2
Miyec = \/(Ecm _\/lﬁDs_lz +m%s_) - |_ﬁDs_|2
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Charge conjugated
processes are implied

Events/ 1.4 MeV/¢?
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From 14 decays, we obtain about 0.389M ST D¢
mesons
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miss — (Ecm - Etag - Ey(no) - EM) - |_ptag - py(no) — Pu

Minimum |AE |:
= Ecm — Etag — Ermiss — Ey(no)

— " 2 2
Emiss = lemissl + Mp#

Pmiss = _ﬁtag - ﬁy(no)

|2

4C + DS, D; , Dinominal mass constraint



Fitting result of Mmlss

Events / 16 MeV/¢?

Unbinned fit
LI IR L L UL I B LI I LU B IR IR B IR
— —=— data | Log scale
3005 [] BKGI: real ST D; and D; 51"V, but wrong y(1') )
E_DBIK)G}']]‘:T'?'uugSTD or wrong D’ §10 ; ;:)): )HI"*')‘[ ‘lmw‘u H\/ ;
= BESII Preliminary 3 % :
200; ¢ :
: < 10 :
" =~ :
- < 1
- = | |
100E Y
: = g E
-I||III||||||III||||I|||||||||I||||I||||-

-0.2 -0. 1 0 0.1 02 0.2 -0. 1 0 0.1 0.2

M, (GeV?c’) 2 (GeViet)
* Mrzniss fit
1. Constraining signal/BKGI ratio N(Dy - p*v)=1135.0+33.1
via signal MC B(D} -» utv)=(5.28+0.15+0.14) x 1073

2. Fixing BKGII via inclusive MC



Comparisons of fD;

foilVes| = 242.5 + 3.56tr. £ 3.75yse. MeV

e Taking |V .| KMIIter 55 input, we obtain
fD;. = 24‘91 i 3-6stat. i 3'88yst. MeV

LQCD | F’RDéG(EDM]DTIaIEDQ 25!9-4:&0.311!5 -I

CLEO e v Vv, 252 8+11.245 5 ——

CLEO TPV v, 258 .0+13.3+5 2 ———

CLEO THIV v, 278.3+17. 614 4 ——

BABR eV T v,V v, 244 649 11420  em—m—

BELL eV I WV I TV IV, 262 244 847 4 e

BESIHI@4.009 1LV, T(n"V v, 241 04163465 —m—

CLEO v, 257 6+10.3+4 3 ——

BABR vy, 265948 447 7 e

BELL TRRS 249 846 6+5.0 ——

Eiﬁmi%? s ThavS 249 13 6+3.8 -

RN RN T N N AN TN TN WO NN TN TN NN NN NN NN SO UNNN TR NN TN NN NN NN NN TNNN NN SNNN | NN N N AN
-50 0 o0 100 150 200 250 300

fp, (MeV)



Comparisons of |V |
fo#Ves| = 242.5 £ 35540+ 3.75y5e MeV

. LQCD[PRD 90(2014)074509 . .
* Takin f v (2014) las input, we obtain

CKMFitter ' 0.97343+0.00015 0

DELPHI W*— ¢85 0.94+0.32+0.13 g
CLEO/BELL/BABR/BESIII D K", 0.975+0.007+0.025 = Thanks for
CLEO THE'V V)V, 0.988+0.044+0.022 -- Sifan’s help!
CLEO T‘(p VIV, 1.009+0.052+0.021 - P
CLEO TR’V V. 1.088+0.069+0.018 ——

BABR THe 'V V1V, V, 0.956+0.036+0.056 --

BELL T(e'V, v, SV V.TV)V, 1.025+0.019+0.029 --

BESII@4.009 1V, T (T'V,)v. 0.944+0.063+0.027 --
CLEO 1V, 1.007+0.040+0.018 --
BABR W, 1.040+0.033+0.031 --
BELL @417 wvy 0.976+0.026+0.021 --

rggwli%§£§1 S Ds—ne’v, 0.925+0.085+0.158 =t
preliminary  Ds™TMe"Ve 1.030+0.012+0.080 ~  —e—
BESII@3.773 D°—-Ku'y, 0.955+0.006+0.024 - arXiv:1810.03127
BESII@4.178 ~+ _ .
prefjminary De—utv, 0.974+0.014+0.016 -

| | | | | | | | | | | | | I | | | | | | | | | |

-1.5 -1 -0.5 0 0.5 1

Vel
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D semi-leptonic decay

ch et
D—Pev (P = K, m, 71(’)) .' Wl-\ -
f.(a%)
: . ar G 2 0 ().
Differential rates: a2 24 — |f+(q )| |Vcd(s)| X=1forK ,n”,KOn"; X == forn )

Bridge to precisely measure

» Form factor £, (0), with input |V | CKMFitter

-- Single pole model -- Modified pole model
f+(0)
f+ (0) f+(q2) =
f+(@) = _ P\ (g
¥ / pole (1 Mgole> (1 Mgole>
-- ISGW2 model -- Series expansion
r2 —2 1 -
f+(a*) = f+(@hax) (1 +— (qmax qz)) f+(@) = mao(to)(l + z 1 (to)[2(t, £0)])
’ k=1

* CKM matrix element |V .¢|with input /22" (0)
*Lepton flavor universality
13



D} - et v,

ete” -» D;"D; 3.19 fb'! @4.178 GeV

6

4

N

——

Events / (30 MeV?¥/¢?)

00 [ ]
[ n, . e' .
00 \ e S
00
00 2 1 o
L n e ve 4 ]] e+ve J
" ||/‘n‘n : P
50l 1 q
[ ﬁ ] ¥ i :
l ® "*.'....
-0.2 0 0.2 04 -0.2 0 0.2 0.4
MM? (GeV*¢?)

Simultaneous unbinned fit

' 1 v ' ' ————y

B(D{ » ne*v,) =(2.32+0.06+0.06)%

B(Df > n'e*v,) =(0.82+0.07 + 0.03)%

............................

The measured branching fraction using two
different mode are constrained to be same.

14



11 — 1’ mixing angle ¢p

*  n-n’ mixing angle

( |n) ) _ (coscbp — singp )( |nq>)
|m") singgp  coscp |75

I'(Df — n'e™v)/T (DS — netv)

4 t4
I'(D* — nletv)/T(D" — netv) cot'dp

The contribution of the gluonic
component is canceled;

provides a complementary constraint
for the gluonium contribution to n(?,
thus improving our understanding of
nonpertubative QCD dynamics and
allowing for more precise theoretical
calculation of D and B decays
involving n(?;

Paper only reported one uncertainty, but include both
statistical and systematic

LHCb JHEP 1501 024
(Gluon excluded)

KLOE PLB 648 267
(Gluon included)

KLOE PLB 648 267
(Gluon excluded)

CLEO PRD 85 013016

BESIII

preliminary

lIlllIllIllllIlllIlIllllIIIIIIIIIIII
) ——
BgoJym  43.5+1.4
/ ——
o-n'y 39.7+0.7
0 ——
o'y 41.3+0.3+0.9
Dj,—n''e'v, 4043 -
DiyoN ' €'V, 40.241.410.5  ——
lllllIlllIlIlIlllIlllIlIlIlllllllIlllIl

26 28 30 32 34 36 38 40 42 44

9., (degree)

15



Form factor

First measurement on dynamics

|IIIIIIII||III|IIII‘\\\\||III|IIIf

\\\"\Illllll\

LQCD M_=370MeV (542 + 0.013 —-
PRD 91 014503
Simultaneous fit LQCDM_-470MeV 0564 + 0.011 -
: : ' r ' ' PRD 91 014503
- .
¢ LCSR JHEP 1511 138 0.495 +0.030 ——
\Q -
(3] ™
S 40
0 i LCSR PRD 86 034023 0.432 +0.033
'_|‘\ | BESIII preliminary 0.458 +0.005 + 0.004
7)) stat. syst.
5 20_ IIII|IIII|IIIIIIII\‘\\\\|IIIIIIII\ \\\‘\IIIIIII\
NU" i 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
- n
3 _ £2(0)
% . L , \ : . . T T T T | T T T T | T T T I T ( 3 ] T | T
1 i — lsdi:)ndpfle 30|e| ' - LQCD M,=370MeV 0.404 +0.025 —a—
[ e iied pole s B N PRD 91 014503 o
| = Series 2 Par. \ 3 q"' ey e
[ o ny e', ; -+ » ¢ PRD 88034023 A ] LQCD M_=470MeV 0.437 +0.018
0,8 s Yl“:,.eﬂ’e » ~— LCSR calculation ‘_,-" PRD 91 014503
& LCSR uncertaintles LCSR JHEP 1511 138 0.588 +0.047
3 I ’o 1 ‘
+06f 2’ ]
o - : + 0.
o ’/ i LCSR PRD 88 034023 0.520 +0.088
- .
0.4 1 ] 1 | - BESIII preliminary 0.490 +0.050 + 0.011
: ! : _—_— stat. syst.
0 0.5 1 1 .5 0.2 0.4 0.6 0.8 | 11 1 | 1 B | 1 I 1 (- 1 I 1 j ol | 1 | 1
0 0.1 0.2 0.3 0.4 0.5 0.6
2 V2 c4 4
n
T(GeVic) 1)
Case Simple pole Modilied pole Series 2 Par.
F17O) Vel Mypoe  x*/NDOF| 7 (0)| V| o x*/NDOF| 17 (0)| V.| i x*/NDOF
netre | 0.450(5)(3) 3.77(8)(5) 12.2/14 0.445(5)(3) 0.30(4)(3) 11.4/14 0.446(5)(4) —2.2(2)(1) 11.5/14
n'et e |0.494(45)(10) 1.88(54)(5)  1.8/4 |0.481(44)(10) 1.62(91)(11)  1.8/4 |[0.A477(49)(11) —13.1(76)(11)  1.9/4 16




DY - KW0 et y,

ete” - D;*Dy 3.19 fb! @4.178 GeV arXiv:1811.02911
Cabibbo-suppressed
+
J,:r”ﬂ< e
w Ve
¢ d
Df K ()0
S S

Currently measurements are only from one single experiment

+ T( Dt - K*(892)°e*v, Yo 2o/l
VALUE { 1{]‘2 } EVTS DOCUMENT ID TECN COMMENT
0.18 +0.04 +0.01 32 HIETALA 2015 Uses CLEQ data
+ = « We do not use the following data for averages, fits, limits, etc. =«
0.18 +0.07 +0.01 7.5 YELTON 2009 CLED See HIETALA 2015
Tag/T

- I( D: - KO€+PE W iotal

VALUE ( 1072 } EVTS DOCUMENT ID TECN COMMENT

0.39 +0.08 +0.03 42 HIETALA 2015 Uses CLEO data

+ » = We do not use the following data for averages, fits, limits, etc. = » »
0.37 +0.10 +0.02 14 YELTON 2009 CLED See HIETALA 2015




Branching fraction of D} — K0 et vy,

arXiv:1811.02911
40F »
"_'E Y J D:— K",
S S aal
& 20} 3 30
o o
S S 20
o o
2 10 s
5 s 10
-] =
w w LT
02 01 02 01 0 01 02

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

B(Dy —» K%*v,) = (3.25+0.38 £ 0.16) x 1073 Consistent with the PDG.

Still, statistically limited.
B(D} —» K*%e*v,) = (2.37 £ 0.26 + 0.20) x 1073 :- Fitting error dominates systematics.

18



First measurement

;'E; (a) = 11 simple pole
o 8 = = modified pole
= mmmm 7 series (2 par.)
@ =
‘ED 6 = ry
|ri I
< 4
[a]
(=]
3 o l;—\
_
© \
Il L L -
0 0.5 1 1. 2
—- dat
(b) - si:ni;ile pole
= = modified pole
21 w7 series (2 par.)
~ ]
™~ "
E:, 1.9F e
Y '.-‘\‘
1 W%

D} - K%e* v,

— data

0 0.5 1 1, 2
o (GeV?/c?)

Form factor

Events/0.2 Events/0.01 GeV/c?

Events/0.2n

arXiv:1811.02911

D} - K*%e*tv,

Events/0.12 GeV2/c?

Events/0.2

€058,

Parameterizations

[+ (0)[Ved|

1 (0)

Simple pole [22]
Modified pole [22]
z series (2 par.) [23]

0.172 £ 0.010 £ 0.001
0.163 £ 0.017 £ 0.003
0.162 4 0.019 + 0.003

0.765 £ 0.044 £ 0.004
0.725 4+ 0.076 £ 0.013
0.720 £+ 0.084 + 0.013

¥ (radians)

V(0
VO 6710341016
A,1(0)
A2(0)
— =0.77 4 0.28 £ 0.07
T2 =2y = 077 £028£ 0.0

19



ete” - P(3770) - DD 2.93 fb'! @3.773 GeV

AE = Ep- — Epeam: Mminimum |AE|

MBC = \/E]geam - |ﬁD_|2

N

T Tag

" m D~
[ 1(3770))¢ -
u ’

D+

Events/(0.25 MeV/c?) (x10%)

0 Signal

K K

ERE

0 E | 0 L N N 4 N
1.84 186 188  1.84 186 188
M, (GeV/ch) Mg (GeV/eh)
Mode Ngfrﬂ (x10%)
'y, 232.1(02)
uty,  152.2(02)

15

0

PRL 121 (2018) 171803

Ko

1.5?.4 l l.;ﬂﬁ ‘ 1.;38
M, (GeV/c?)

20



PRL 121 (2018) 171803

- T~ | Tag Unbinned maximum likelihood fit
[ P JavasAnnaas — s
&5_3 .D%nuvu Signal D_””'lvp'
) 0o Lot * ——— BKGI '
e O oy BKGII
» ¢ (3770)) — O 400 ﬂ — .- BKGIII ]
e >
=
S D* < 200 F i
E 5
+ = -
K Signal ? - -
3 A WU B R WYY S s

00 02 04 00 02 04

[ M

L (GeVic?) M. (GeV/c)

Mrzniss — Erzniss - |ﬁmiss|2 BKGI: DO(+) N T[_(O)T[-I_I?O
BKGII: D - K—nt, D) —» =0+
0 —(0 0
Etniss = Epeam — En—(O) — EH"' D) — =gty
BKGIII: other non-peaking backgrounds

ﬁmiss = _ﬁD‘ - ﬁn—(o) - ﬁu"’ 0
B(D°—>n ptv) = (0.27240.008+0.006)%
B(D*—>n’utv) = (0.35040.011+0.010)%

21



Lepton flavor universality: [EPJC78(2018)501] PRL 121 (2018) 171803

SM expectation: 0.985 + 0.002

r(p°® - nutv,) o I(D* - nutv,)
= = 0.922 + 0.030 + 0. R0 = M
0.922 + 0.030 + 0.022 O e

n_ —
Riry = [(D° = 7~ e*v,) = 0.964 + 0.037 £ 0.026

0. 50 consistent

1. 70 consistent

% - Dﬂ—) n—l"'v ATTAG (1= Data lgn D — Ty

o q (=e) +~ ==

% 4 - ATIAG (I=p) - 4

O] 1 R wy -+ ==

|E |

o 2 -

N gx;%“‘?t

..E .

= ] ‘:\
1.5 -

IR R N— Jr =1

€ T T +Q —=

0.5 1

0 1 2 0 1 2 3
qX(GeV/c) qX(GeV?/c?) 22



arXiv:1810.03127

ete” - P(3770) -» DD 2.93 fb'! @3.773 GeV

Events / (3.5 MeV)

A/ Aq* (ns'GeVicY)

Umiss = Emiss — |Pmiss|
A0

3 @K',

t

80
60
40
20

0.1

Umiss

(GeV)

0.5 1
q? (GeVc)

1.5

@

fx

B(D° > K~ p*v,) =(3.413 £ 0.019 + 0.035)%

Lepton flavor universality:

consistent

I'(D° - K—utv
_ I ) _ 0.974 + 0.007 + 0.012

R —
We ™ (DO - K- e*v,)

No evidence for
LFU violation is
found within
current statistics.

0.5 1 15 0 0.5 1 1.5
¢ (GeV?/ct) q? (GeV¥/c?)

23



Comparisons of f%(0)

BESIII: higher precision; consistent with others. arXiv:1810.03127

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ETM
PRDQ%201 7)054514 0.-765+0.031

PRD82(2010)114506 0-7/47+0.0110.015
BESII Ke'v, 0.80+0.04+0.03

BELL KT, 0.695+0.007+0.022 =t
BABR Ke'v, 0.727+0.007+0.009
CLEO Ke'v, 0.739+0.006+0.005

T 17 T

BESIII KEe*ve 0.748+0.007+0.012 PRD 92(2015)112008
BESII  Kle'v,  0.7246+0.0041t0.0115 PRD 96(2017)032002
BESII  Ke'v,  0.7368+0.0026+0.0036 PRD 92 (2015)072012
BESIII K'M*V“ 0.7327+0.0039+0.0030 arXiv:1810.08127

IIIIIII

0.45 0.5 055 0.6 065 0.7 0.75 0.8
f£(0)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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D%* — ay,(980) /%etv,

PRL 121 (2018) 081802
=The first time the a;(980) meson measured in a D° semileptonic decay
=The nature of the puzzling ay(980) states: gq [1] or tetraquark [2]

2-D unbinned maximum likelihood fit

D° - a,(980)"etv,

20
B(D° - a,(980)~e*v,) X B(ay(980)~ - nm ™) N S
= (1.33%33340.09) x 1074 6.4 o sig. > [
0, &
3 S 9
o S
3 2 © 12 |
o N + 0,+ g I
> ‘\r Dt - ay(980)°e*v, 1 E 10-
B(D* - a4(980)%*v,) x B(ay(980)° - nn?)
= (1.66%08. +0.11) x 107* 2.90 sig.
<3.0x107* @90% C.L. cogamemt2iny )
0.8 1 1.2 9).2

M, .(GeV/c?)

[1] PRD48(1993)1185
[2] PRD 81 (2010) 074031 25



+/0 —+/0 5+
D > T/’ e v,
ete” > (3770) -» DD 2.93 fb'! @3.773 GeV arXiv:1809.06496

[Upniss| < 0.06 GeV

I I . . . .
150 |- + B Simultaneous Partial wave analysis fit
- po -0 ,+ 1
%D TmTe Ve ] D’ s mdet v, — D" >t et v,
3100 ] '{!:; : | | 150:_ _
" ] > 100F K~ + 171 '
-?».. . L] - I |-
£ - O I |
g 50 ~ | \ |100f
w ot 1t
S S0F 1
_ 5 | ? | s0f
0™ a1 0. ot a2 s | } | f
Umiss (GEV) l.l;?] i """'--u._l_ ¢ ] [ T
UL T ] ] 0 . | . . Pl T2 A 0 ' : : :
300 P | - 0.5 1 5 0.5 G Vl/ )
¢« DY >t et v, 1 Hl'.[-no(GeV/C ) Ir]11+11'( Cv/c )
32{]0 L . Signal mode this analysis (x10~°) PDG (x107?)
e | ] D’ — = n% " w, 1.445 + 0.058 + 0.039 ~
2 I ] D’ > petr. 1.445 + 0.058 + 0.039 1.77 + 0.16
100 - . Dt s artetw, 2.449 + 0.074 + 0.073 -
wor ] Dt = plet e 1.860 + 0.070 + 0.061  2.18+3-2%
- DT — we've. 2.05 + 0.66 +£ 0.30  1.69 £ 0.11
0 - D' — fo(500)et ve, fo(500) — 77~ 0.630 + 0.043 £ 0.032 —
i D* — £5(980)et ve, f0(980) — 7™ < 0.028 -

The ™ S-wave contribution is observed for the first
time, with the significance greater than 10c.



D’ >mnnletv,

Dt >nm ntetv,

arXiv:1809.06496

_ _ _ (e)
4 A 2 200F } y
S S S
& & &
8 5 5 1000
LL: LL] m ———————————————————
05 1 15 LS B X 05 ) 0 3
qA(GeV*/c?) cosB, X
- T T 400F T T - = 400F T . T M
5 200F ,
: (2) _ _ (1) _ ()
$1%0 g {8°% ] SBOOM
4 e e e
=100 2 1 3 200f 1 2200
] E = 4
T 50k J— K 100F 4 Wwo0r 4 m100
E T S b= ST e R+ - I
05 2'1 1 05 0 oS 1 05 0 05 ) 0 2
qX(GeV-/ch) cosf, cosb, X

Hadronic form factor ratios of D — pe*v, at g% = 0:

40O
27 4,00
_V(0)
V= A0)

= 0.845 £+ 0.056 £+ 0.039

= 1.695 £ 0.083 £ 0.051

Pryr, = —0.206
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arXiv:1809.06496

Proposed by [PRD82(2016)034016]: A model-independent way

- B(D* - f,(980)e*v,) + B(D* - f,(500)e™v,)
B B(D* — ay(980)e*v,))

R = 1.0 + 0.3 for two-quark description for f,(500) and f;,(980) ;
R = 3.0 + 0.9 for tetraquark description. Favor

B(f,(500) » *7™) = 67% [PDG 2016]
B(ay(980) - n° n) = 85% [PDG 2016]

) R>27@90%CL
Neglect the f,(980) component and assume
that the dominant decays are mm for f,(500)
and 7n and KK for a,(980)° .

28



Other analyses at BESIII

DT - nmnHetv, PRD 97(2018)092009

D* - K°u*v, EPJC 76 (2016) 369

D* > K°(n®°)e*v.  pRD 96 (2017) 012002
Dt - yetv, PRD 95 (2017)071102(R)
D* - D%™v, PRD 96(2017)092002

DS = ¢ u/etv,nutv  prp 97(2018)012006



Summary

“ With 2.93 and 3.19 fb'! data taken at 3.773 and 4.18 GeV, BESIII have studied the pure and
semi-leptonic D ) decay, and measure their branching fractions, decay constant fD;r, form

Q)
factor fX(0) and f'l (0), and the CKM matrix element |V |, the lepton universality test, as
well as n — n’ mixing angle.

Q)
* Improved measurements of decay constant f,,+ and form factor fX(0) and fz (0) , which
are important to test and calibrate LQCD calculations.

< Improved measurements of CKM matrix element [V ;| which are important to test the CKM
matrix unitarity.

< Based on 3.19 fb data at 4.178 GeV accumulated in 2016, the measurements of f,+ and
|V .| by other D{ decays can be expected in the near future.

Thanks for your attention!
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The correlation matrix including both statistical and systematic
Uncertainties. [preliminary ]

0.00 < ¢ <=0.35 0.35 < ¢° <= 0.70 0.70 < ¢* <=1.05 1.05 < ¢° <= 1.40 1.40 < ¢* <= goax

PSSt 1,000 -0.154 0.016 -0.000 0.001
-0.154 1.000 -0.117 0.011 -0.001

0.016 -0.117 1.000 -0.102 0.008

-0.000 0.011 -0.102 1.000 -0.075

0.001 -0.001 0.008 -0.075 1.000

In the calculation of the systematic covariance matrix, we have
considered the systematic uncertainties arising from the uncertaintie:
in the number of D, tags, D.* lifetime, MC statistics, E, max CUL,

M., CUt, fits to MM? distribution, tracking and PID efficiencies.



The differential decay rate for D — K*%eT . can be expressed in terms of three helicity
amplitudes (H4(g?), H—_(g?) and Hp(gq?))

d°r 3 2 2 PKw q2
7o OF I Vedl”—5
dmy = dq? dcosOk dcosfe dx 8(4r)4

B(K*® — KT77)|BW(mk,)|?

Dy

% [(1+ cosBe)?sin®Oi|Hy (g, mirx)|?

+ (1 — cosbe)?sin?Ox|H_ (g, mk+)|?

+  4sin®0ecos® 0 | Ho(qz, mg ) \2

+  4sinfe(1 + cosBe)sinb cosb cosxHy (g%, mi ) Ho (g, M)
—  4sinfe(1 — cose)sint i costc cosxH_ (g%, mu)Ho (g%, M)
—  2sin?fesin®f cos2x Hi (g%, mu-)H_ (g%, mk,)].

The helicity amplitudes of H, (g?), H_(g?) and Hp(g?) take the form of
2Mp, Pk n
Hi(q?) = (Mp, + my)A1(q%) F WV( g?) and

4m2 pzw
Ho(a%) = g [(MB, — M~ — a*)(Mp, + mk=)A1(q?) — 57252 A2 (a?)],
A!('Oi V!Ol l l A :0;

The Breit-Wigner function of K*0 line shape takes the form as

\/ mgl B
BW(Mkr) = m2—m2 Zf,gmpi??m) o) E((pop))

1 : —~1 _ 3_mo ¢ B(p) )2
where B(p) = = with R =3 GeV~1 and (mk,) = ro( )3 (T(P_)T) _



Following the same parametrization used in;

[1] BESIII Collaboration, M. Ablikim, et al., Phys. Rev. D 94, 032001 (2016).
[1] CLEO Collaboration, S. Dobbs, et al., Phys. Rev. Lett. 110, 131802 (2013).

Events/ 0.12 GeV?/¢*

0 02 04 06 08 1

¢ {Ge\iﬁq\ ‘\‘ Q( _ - cosb,
%%5

20

Events/ 0.2

//’//

ﬂ‘sﬁg

=

[ The preliminary results for form factors:

ry=1.67+0.34 £0.16 and r,=0.77 + 0.28+0.07
The first errors are statistical and the second are systematic. 4

w



computed results are more and more important. At present,
the main uncertainty of the apex of the B, unitarity triangle
(UT) of B meson decays is dominated by the theoretical
errors in the LQCD determinations of the B meson decay
constants f By and decay form factor f£~7(0) [3]. Precision

measurements of the charmed-sector form factors % ™ (4?)
can be used to establish the level of reliability of LQCD

calculations of f£~7(0). If the LQCD calculations of

@ (4%) agree well with measured £ (4?) values, the

LQCD calculations of the form factors for B meson
semileptonic decays can be more confidently used to
improve measurements of B meson semileptonic decay
rates. The improved measurements of B meson semilep-
tonic decay rates would, in turn, improve the determination
of the B, unitarity triangle, with which one can more
precisely test the SM and search for NP.
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Charm decays + LQCD

Charm decays +
B decays + LQCD
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. L EPIC 76, 369(2016)
ete™ > P(3770) > DTD~ 2.93 fb! @3.773 GeV

Simultaneous fit: The double tag production yield has been constrained to be same for the
two modes, which is corrected by the detector efficiency and daughter decay branching

fractions:  NPI — 132712 + 1041

4000~ ' ' ' X Lepton universality:

3000 _

r(p* - K°utv,) _

2000 — = 0.988 + 0.033 consistent
s (Dt - K%e*v,)
& 1000
g 0 B(D* - K%e* v,)is from PDG
:_i 400 —
Z 300 Isospin conversation:

200 / B(D* —» K~ u* v,) is from PDG

100 I DO > K~ +V

N ) ( _ - ”) — 0963 + 0.044 consistent
%2 0.1 0.0 0.1 0.2 0.3 [‘(D"‘ — KO ‘u"'vﬂ) -
Umiss(GeV)

B(D+—>I_(°u+vﬂ)=(8.72¢0.07i0.18)% .,



Search for the radiative leptonic decay D* - y e* v,

= Not subject to the helicity suppression rule due to the presence of a radiative photon.
= Predicted rates are reachable range :
e.g., J.-C. Yang and M.-Z. Yang predict B(D* - y e*v,_) ~ 2x10~ via Factorization.

150" " " " T IDI" 9‘ V (Ie"lvl | PRD 95, 071102(R) (2017)

- —— data . € ='l"6};]'{,"Ev"!'1'6".\%5&)’28’5!.’&2&5&’. """
> I total fit ( 21 * 23) signal events. :
% 100 - noe+ve bkg ..............................................................
o ] othfer bkg. % 8000;

ﬁ --------- g :
= © 6000
o 50 > I
LI>J « 4000
5 5
Q 2000
= [
0 axs i = =5 Z [ 1
-0.02 . 0.01 0.02
0.2 0.1 0 0.1 0.2 B(D%>y 6v)(%)
Umiss (GeV)

B(D* > ye*v,)<3.0x105at 90% C.L.




Search for the rare decay D* - D%e* v,

Applying the SU(3) symmetry for the light
quarks, this rare decay branching fraction
can be predicted by theoretical calculation, _
and its theoretical value is 2.78 x 1013 [EPJC 4r
59, 841 (2009) ] of

=,
e-l-
d > > U

D* DO _

Y

>

c > > c S

=

N

ol

&

£

>

=

[

-D? > K mt* m°

1.84 186 1.8 185 1.9
MY, (GeV/c?) M2, (GeVic?)

B(D* - D%e*v,) < 8.7 x 10 5 at 90% C.L..




Dt - K%(®%etv,

PRD 96 (2017) 012002

ete” -» P(3770) > D*D~ 2.93 fb! @3.773 GeV

A binned extended maximum likelihood fit

Dt = KOty, Dt - n%tv,
x10? g X107
=20 (a) T+F\Tze;oos 168 < | (b) {*ﬂ 3402 + 70,
5 15[ it 1 22} fl
< 1ot | 12
£ 3l | 1 8 )
‘NIPAYEE .
01 0 01 02 -0.2 0 0.2 0.4
U, . (GeV) U,... (GeV)

B(D* > K%e*v,) = (8.60 +0.06 + 0.15)%
B(D* > n%e* v,) =(0.363 £ 0.008 + 0.005)%

dIr'/dg® (ns'GeV?ct)

100

80

60

40

20

06l

T T
D K" BTy
—a— Data ]
— — Single Pole Model

Modified Pole Model
ISGW 2 Model 1
— I 3eries (2 par.)
I series (3 par.)

" n+ _, O0,+ '
D" > K- e v, -
- Different decay rate f
e,

: —s— Data

| —— Single Pole Model 7

Modifizd Pole Model
[5GW 2 Model

| —— 7 series (2 par)
I series (3 par.)

Dt - K% ™y,

Projection on fX(g?)

0 0h 1 1h 2

C[2 = (Ee+ + Eve)z/c4 —(ﬁe+ + ﬁve )Z/C2
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Comparisons of fX(0) forD - K e* v,

BESIII: higher precision; consistent with others.

HPQCD 0.747 +0.011+0.015
BESII 0.78 + 0.04 £ 0.03
(D' - K e v,)

Belle 0.695 + 0.007 £ 0.022

(D" 5K e v,D" 5K p* v,)

BABAR 0.727 £ 0.007 £ 0.009
(D' 5 Ke v,)
CLEO-¢ 0.739 £ 0.007 £ 0.005

(D' K et v, DT — K'

BESIII 0.7368 £ 0.0026 + 0.0036
(D' S Ke v,)

BESIII 0.748 + 0.007 + 0.012
(D" - K] e v,)

BESIII
(D" —

0.55

D.725'i 0.004£0.012
et v, —>K:—>ﬂ:*?r)

0.6 0.65
f(0)

0.7

0.75

PRD 92, 072012 (2

PRD 92, 112008 (2

PRD 96, 012002 (2

p15)

p15)

017)

0.8
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Weights of measurement on |V 4|

® BESI: DY > putv, W CLEO-c: DY - n~/%*y, M BESII @4.178 preliminary: D} - u*v, m BELLE: D} -t (et i, wt i, w v,

® BESII:D° - etvem BELLE: DO - et W BELLE: DS - p*v, W BaBar: DS — vt (e* v, utv)v,

W CLEO-c:D* — ptv, ™ BaBar:D° —m~etv, ® Babar:D§ - utv, B CLEO-c;, D - t¥(mtig, ptv,, et i)v,
B CLEO-c: Df - u*v, B CLEO-c/BaBar/BELLE/BESIII;, D° — K~ ¢*v
B BESIIl: @4009 DS — p*v,, Df - t*v, @ DELPH: W* - ¢§

BESIII contributes .
weighton |V .
more than 50% g Veal weight on |V|
0.1%
18.3%

19.0%
28.3%

41.6%

o0 \
1.0%
37% [—

11.9% /
' . 2.9%
16.6% BESIII contributes 28%, " ‘\ 11.5%
. 0 . +
reach|n+g SOdA) if Dg 10.7% .
15.6% — T Vg done 6.7% 2.7% °2%

Y. H. Yang | CKM 2018

42



1.20

LISE

1.1I0F
~ 105t
o

>
‘ELDD—

3
X 095

0.90

085F

0.80

PRD91(2015)094009)

Exp. constrains

Standard model
OI.2 (]I.4 DI.6 OI.S ll.O 1‘.2 1I.4
¢°[GeV?]
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