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Introduction

Studies of (semi-)leptonic charm decays are important to
explore weak and strong effects in charm decays
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m Precise measurements of decay constants f,,, fo.,, form factors
f,P®)>P(g2) of semi-leptonic (SL) D, decays will calibrate LQCD
calculations at higher accuracy. Once they pass experimental
tests, the precisely LQCD calculated f/fg, fp./fgs and
f,D2P(0)/f,B?P(0) will be helpful for measurements in B decays

= Improved LQCD calculations on fj,,[0.5(0.5)%], f,P~>X®(0)
[2.4(4.4)%] help to precisely measure the CKM matrix element
|Ves@l, Which are important for the CKM matrix unitarity test and
search for NP beyond SM

m Test on lepton flavor universality in charm sector



Recent D), D, and A" samples

Taking from Longke Li’s talk at joint workshop of BESIII/Belle/LHCb at Nankai

Experiment  Machine Cc.M Lumin. N(D) efficiency  advantage/disadvantage
B = CESR 2.9 x 10° © extremely clean enviroment
G . -1 Y
L"E% (eTe™) 377 GeV 0.8 fb 2.3 x 10%(D¥) © pure D-beam, almost no bkg
St 417 GeV 0.6 fb! 0.6 x 10° ~10-30% © quantum coherence
BEPC-II 377 G&V  2.92 fb-1 10.5 x 10° @ no CM boost, no T-dep analyses
{e"‘e_) ’ ' 8.4 x 108 Do)
4.18 GeV 3fb~! p+  3x10°
46 GeV  0567fbl A+ * * ko
KEKB 1 9 © clear event environment
ete” 10.58 GeV L ab 1.3 10 © high trigger efficienc
gn trigg Y
~5-10% © high-efficiency detection of neutrals
PEP-II 1058 G&V 0.5 ab-1 6.5 » 108 0 @ many high-statistics control samples
(eTe™) ’ =4 2 © time-dependent analysis
* * % © smaller cross-section than pp colliders
Tevatron 1 11
(pp) 1.96 TeV 9.6 fb 1.3x10 @ large production cross-section
<0.5% © large boost: excellent time resolution
LHC 7 TeV 1.0 fb ! 50 x 1012 =70 @ dedicated trigger required
(pp) 8 TeV 2.0 fb~! ' @ hard to do neutrals and neutrinos
ok *




Charm samples (pb) at threshold
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Earlier searches or measurements of g,

= MARKIII, 9.6 pb! at y”
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Number of Events

Results on B[D*>1*v], T, |V

2.93 fbl data@ 3.773 GeV

BESIIl, PRD89(2014)051104R
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Earlier measurements of f,

= WA75, Fixed target experiment = CLEOII, 2.13 fb-1 at 10.6 GeV
25 ——— 60 — . -
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= L3, Z>qQ, 49.6 pb! at 91.2 GeV

Earlier measurements of f,

= OPAL, 3.9x108 e*e->qq

20 15.646.0 D.*>p*v signals T Yo i
+ Data = r ] D —Tv_(in Z—cc events) ]
16 |- B Z—cc .
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Results of 5., at CLEO/Belle/BaBar

= D.*D,", 600 pbt
@ 4.17 GeV [697 I*V]
PRD79(20,0,9,)052001
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10.58 GeV [1023 I*V]
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Results on B[D.,*=2>u*v], fp.. V.| at BESITI

0.48 fb!l data@4.01 GeV
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Previous measurements of fP>K@(0)|V . 4|

In the past 30 years, studies of D2>K(n)l*v were made by MARKIII, E691,
CLEO, CLEOII, BESII, FOCUS, BELLE, Babar and CLEO-c

-1
m BELLE, 282 fb-! at 10.58 GeV = Babar, 75 fbl at 10.58 GeV
et TR S | PRD76(2007)052005 4/
e = T
T LT DO>K-e'v
6'5 - O 0.5 le(c;lcvz) 1.5 2
0.25 ;b) D° > 7l
°o ! 2 'GeV’fcza -1
PRL97(2006)061804 ) m Babar, 347.2 fb! at 10.58 GeV
= 2004-2009, CLEO-c, 818 pb-t at y” 06" *© BaBar data A
Dl = n-et v DD—.?K'B*VQ: i T =T expansion
4 T 1% NE 04l -- effective 3™ pole —
o f i =DODmetv
2 | : PRD91(2015)052022
$% of Doy, 0wy, O
€8] Je a? (Gev)?
T i Before 2010, the LQCD calculated
e B R f,D2Km(0) precision is at 10% level,

q? (GeVe/c*)

PRD80(2009)032005 thus limiting [V qq| measurement 12



Impact of f°=K@)(g?) on LQCD

(a?)
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1.0

BESIII, PRD92(2015)072012

T ‘ T
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L —=—data
m— | QCD
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C. Aubin et af. (Fermilab Lattice Collaboration, MILC
Collaboration, and HPQCD Collaboration), Phys. Rev. Lett.
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Comparisons of fPZK®(0) with LQCD

100 - . | — . 2.5 ; __— | :
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— _\% —e— Data ] . \+\ —e— Data T
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s . 2.
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BABAR D mwetv, —_—
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0 -at
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Comparisons of the measured |V )|

= Method 1 1ID(s)IVcd(s)I
= Method2 ~ fP2K® (0)|V )l
= Method 3 fD(S)éTI+(O)IVcd(s)I
I I I I
CKMFitter |
CLEO D—one*v,
BABR D'—>rety, ——
BESIII D'>mety, —
CLEO D'—utv, 1T
BESIII D'ty —
| | | |
0.16 0.18 0.2 0.22
IVch

Vcd(s)
Vcs(d) Limited by both
statistics and

Vel  «— LQCDinput
CKMFitter | . |
DELPHI W' e .
CLEO/BELL/BABR/BESIIT  KI'v, -~ <«—Taken from
CLEO TV TV, e PDG, and the
CLEO A 1o SI. method
CLEO T ____ suffers about

. 2.4% error
BABR THE V V1V, V)V, —_— from LQCD
BELL I CRATNTRUR K 4 VA —_
BESITI@4.009 v, T"(n7, )V, ——
CLEO uhv, f—
BABR Hhvy —_
BELL v, -
BESILI@4.178 p*, -
preliminary | |
0 0.5 1
A\
CS

Further improved LQCD calculations on f,PG)?P(0) will improve the
measurement of [V 4| with much improved precision 1o



_FU test in CS decay D™= xl*v at BESIII

0(+)
RO(+) B(D — 72' ,U V) ~0.97

Evidence of violation of LFU at 4o in

Candidates / (40 MeV/e?)

Candidates / (40 MeV/e? )

B(B — D7)

R( D(*))
B(B — DM v)
N osE T wabar PRL109.1018022012) | T T
a SE Belle, PRD92,072014(2015) AX = 1.0 contours =
& r LHCb, PRL115,111803(2015) 3
045 Belle, PRD94,072007(2016) e SM Predictions =
B Belle, PRL118.211801(2017) R(D)=0.300(8) HPQCD (2015) .
LHCh, FPCP2017 R(D)=0.29%(11) ENAL/MILC (2015)
04 [ [ Average R(D*)=0.252(3) S. Fajfer etal. (2012)
E [ l = S . =
03 I [ p -
025F T T —
o HFLAVY @&
C [_Epcp 2017 1
02 C | | | P(x?)zl,e:/ﬁ—_
02 03 04 05 0.6
R(D)

Evidence at 2.6 in FCNC
decays B*>K*u*uw/K*ete
_T(B— Ku'y)

_ +0.090
K= T o Rerer) ~ V745100 £ 0.036
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Events /(0.007 GeV/c)

"W B(DY™ - 7 Oety)
grocie:  R%, =0.82+0.08 (~2.00)
B(D—»n~p*v) = (0.237+0.024)%

BESIII, arXiv:1802. 05492

*F 2276463 DOD>mp* B
- ei TRV K0n+1t— ]
400 — ]
200~ Other]
oF
3000
200
100[
%> 0.0 0.2 0.4
(GeV3¥c?h)

]Il iss

B[D'>nutv] = (0.267 +0.007 £0.007)%
B[D*>nu*v] = (0.342 £0.011 +£0.010)%

RV, = 0.905 + 0.02750a0. £ 0,023,455,

Riy = 0.94240.037 a0, £0.027 .
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Study of D*>nYe*v at BESIII

PDCCI 1
F -L)I_s.)lll,ar v:1803.055/48———F———
60 ¢ ety c{\ B 7
a0 Y .0-0. tal 6-1.2f =% >1.2 0.6 b I _
F + L | l —=— [Data ]
—~ 20 f B 4 ——— Simple pole
= fy b I W - —- Modified pole 1
(3 : < - ; | | X r . ) (f) _— L — Saries expansion —
o1 ne*v ' ety Z0d —
< 20 l}—}rte*rt'rt" T 0.6-1.2¢ ] P >1.2 — L ! ]
S . : = 1
\E r 3 <] L 4
5 L J
- 0 —
= L 4
i |
0 T T N TR AN TR TR N SR N SN NN S N S (|
0.1 0 0.1 01 0 0.1 01 0 041 0 0.5 1 L.5
U, (GeV) qHGeVYet)
B+, = (10.74 + 0.81 £ 0.51) x 10~ dU(D¥ = netv,)  GEVal? . 5y, 2.
ATE =~ Pl I+ (a)]
B+, = (1.91£0.51£0.13) x 10~ '
Fit parameters Simple pole Modified pole Series expansion
T (0 [Vaa] (x10-7) B16L 045 L0.18 S24 L 051+ 0.22 TEGL0.64L 021
Shape parameter 173017+ 0.03 0,50+ 0.54 £+ 0.08 —7.33+1.69+0.40
o 0.20 —0.85 0.90
2 /ndf 0.1/(3—2) 0.3/(3—2) 0.5/(3—2)

BFs help to constrain gluon component

| Combing CLEO’s BFs and taking input
1 oot s 0 () value by EPJC69,133 and NPPS162, 312,
i = Sl COS@p  COSQ COSQr Bl Og Ms the n_n, miXing angle iS determined tO be

¢P:(4Oi3experimenti3theory)o 17
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Other topics: D> Ve*v at BESII|

BESIII,PRD94(2016)032001 BESIII,PRD92(2015)071101(RC)
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Observation of D>Se*v at BESIII

= Explore the nontrivial internal structure of light hadron mesons,
traditional gq states, tetra quark system.

= With chiral unitarity approach in the coupled channels, BF is
predicted to be order of 5(6)x10~° for D°*) decays

= Improve understanding BESIII. arXiv:1803.02166
of classification of light . . . e

scalar mesons

B(D*-fol*v)+B(Dt-0olty)
B(D*-agl*v)

R

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

R=1(3) if traditional qq
(tetra quark) system

B(Dt — fm{QSIIZII}']EJ’r.Jﬁ] x B(ag(980)" — ?;r?r'::'] M, .(GeV/c?)
= (1.661056 £0.11) x 1074, < 3.0 x 10~* at the 90% C.L.
Bi:DD — ag(980) et v, ) x Blag(980)" — nm™) F{DD 5 ag(980)~eT,)

' . = 2.0. 95 £ 0.
— (133793 4+ 0.09) x 10~ (DT = ap(980)0cs,) — — 0 0 E006 4



Evidence of D> Ae*v at CLEO

EPJC77(2017)587/863
W, et W, et o J . .
c - 3 c o s D*decay ™ i (1270) b Ky (1200)
D’ o K, D+a s aKI Theory (10~5) 320 + 40 {0.5, 2.0}
] ’ a >

CLEO, PRL(2007)191801 with 281 pb-! data@3.773 GeV

5 T T | | —

6 — 2 - M =
o = . o 7]
o F - 1.8 | 3
Qg — = =
S °E ] g 16 =
T - = = ]
04 - > 14 e
e — L] - 3
— o ; 1.2 | —]
=T = = 4 B =
Al = - ]
2 F & r 7]
@0 - = 0.8 - —
c C g - -
QO - L 08 |- =
TR — o4 -
C I Y . = 3]
o C i FiENLEL i ik L1 N ELLTTTTITI RN ] 0.2 - —

4.4 008 -0.08 004 0002 o 002 004 D068 Q.08 o1 O

MM2 (GeV/ce)2

M. (GeV/ic?)

B(D'— K~ 7o et v,) = [2.8 1 (stat) + 0.3(syst)] X 107
B(D® — K7 (1270)e*v,) X B(KT (1270)— K~ m*7~) =[2.5¢ 3 (stat) + 0.2(syst) ] X 10~
Using B(K;7 (1270)— K~ 777 )=(33+3)%

B(D" — K[ (1270)e* »,) = [7.675 ) (stat) * 0.6(syst) = 0.7] X 107 .



Events/ 0.010 GeV*

20

15 |
10 |

5

[(Dy = n'ev)/T(D; — nev)

BFs of SL D.* decays at CLEO

CLEO, PRD80(2009)052007
with 310 pb-1 data@4.17 GeV

20 . 42 5I1 108-007a
e ne'v = pl
4 15} i scaled Mc ]
ooy
] 5k
polil ohhe.n 0 Ml oo SIS
n'etv K™etv
- 3 [
He 1 44
- ‘I [ I':
i \ hllL]
Klerv 1oL fewv 1
8 i
2 E 2 I |
4t 4
L -
ol s [h] Q codhl 00 8.

0
-0.25 -0.125 0.00 0.125 0.25 -0.25 -0.125 0.00 0.125 0.25

MM? (GeV?)

"D, — yev)

(D, = nev)

= R ucﬂtllﬁ

['(D*Y - yev)/T'(DT — nev)

= cot*¢

J. Hietala,"" D. Cronin-Hennessy,"" T. Pedlar,” and 1. Shipsey’
with 600 pb! data@4.17 GeV

Events /6.5 MeV

Events /2.6 MeV

40

w
=]
TTTTTT

5]
=]
TT

dpev

|

S

Events /6.5 MeV

Signal mode BABAR (%) CLEO-c (%) This analysis (%)
D, = pe 261 £0.03 008 £0.15 236+02340.13 21440171008
D, = yev 248£02940.13 2284014 £0.19
D, = e 091 £0.33£0.05 (.68 £0.15 £0.06
D, = foev,fy = x Seen 020+ 0.03£0.01 (0.13£0.03 £0.01
D, = Ksev 0.19+0.05£0.01 (.20 £0.04 £0.01
D,=Kew 0.18 £ 0.07£0.01 (.18 £0.04 £0.01

0(M-n’ mixing angle )=(42+2+2)°

0(f,—ss mixing angle )=(20*32_,;)° 21



First study of D.*>K®%*v dynamics at BESIII

AT/G? (ns'GeV2c?)

o BES/)| D> K°e+"L
y |preliminary N°bs=117.2+13.9
o 20
g Fit background
%z; via inclusive MC
g 10
w Data M,
sideban : iy
L1 £l i T
-0.2 -0.1 0 0.1 0.2
MM (GeVZ/cY)
B[D,*>K%*v,] =(3.25i0.385tati0.14syst)x10'3
(3.9+0.9)x103 [PDG17]
D |
N51.5—

o
R
K
o
o
'
|

"

1 ! ! N 1
0 05 1 15 2 0 15 2
o (GeVic) ¢ (GeVIc)

Model Parameter Value f.(0)

Simple pole 7(0)[Veq] | 0.175 £ 0.010 £0.001 | 0.778 £ 0.044 £ 0.004

Modified pole model £ (0)| Vea| 0.163 £ 0.017 ££0.003 | 0.725+0.076 + 0.013
o 0.45 +0.44 £0.02

Series two parameters | f(0)|V.q| 0.1624+0.019 +0.003 | 0.720 £ 0.084 £ 0.013
rn —2.94+232+0.14

Taking [VCKMiiter | as input

40

p

Events/0.010 GeV?%c*

BESIII
reliminary

30—

+ N°bs=155.0+17.2

Ds+9 K*0e+

e

0.2 o 0.1 0.2
MM? (GeVZc?)

B[D,*>K*%*v, ]=(2.38i0.26$tati0.lzsyst)x 103
(1.8+0.4)x103 [PDG17]

Four dimensional un-binned likelihood

fit is performed. K* paramters are fixed

Events/ 0.12 GeV*/¢*

4o}

Events/ 0.2

-1 -0.5

20

¢ (GeV2/ct)

1
cost i

Events/ 0.2

Events/ (.27

r,=1.67+0.34+0.16
r,=0.77+0.2840.07

22



First absolute BF of A,/*2>Al*v at BESII|I

> A.* was observed in 1979 Theory: (1.4-9.2)%
e

> All decays of A,* were measured with T

high energy data and relative to pK—r, eI

which suffers an error of 25%. No Sex ety

absolute measurement using threshold e e AL

A+ data before BESIII T ——
o T

» Only about 60% decays are known _
3 fb! help to explore FF studies

PRL115(2015)221805 s0f- PLB767 (2017M2

-l
ol
1

Events/0.010 GeV
Fvents/0.010 GeV

o3 o1 o o1 o2 0.2 0.1 0 0.1 0.2

Uniss (GeV) Umiss (GeV)

B[A,*>Ae*v]=(3.6340.3840.20)%  B[A>Ap*v,]=(3.49£0.46+0.26)%
T[ASDAp v IT[A > Ae v ]=0.961+0.161+0.04 23



= With 2.9/3.2 fb-! data taken at 3.773/4.178 GeV, BESIII has
obtained the most precise measurements of D,"2>I*v, D>
Pl*v and other SL decays

Improved measurements of fy,, and f,P>X®@(q2), which
are important to calibrate LQCD calculations

Improved measurements of |V |, which is important for
unitarity test of the CKM matrix

Other studies of D SL decays (form factor measurements,
new decay modes) are ongoing and will be ready soon

= With 0.567 fb-! data taken at 4.6 GeV, BESIII reported the first
absolute BFs of A,*2>Al*v

In the near future, more 10 fb-! data at 3.773 GeV and 3 fb!
data at ~4.65 GeV at BESIII will further benefit all
measurements 24



Prospects at HIEPA

If 300 fb-! data can be collected at 3.773, 4.18 and 4.65 GeV, respectively

Systematic error Statistical error
~3 b 12 fb-1 300 fb-!

Afp [fo, ~0.9% 2.6% 1.3% 0.26%
Afpe Mpes ~1.5% 1.1% 0.6% 0.11%
Afpsklfosk ~0.5% 0.35% 0.18% 0.04%
Afps. /fos, ~0.7% 1.26% 0.63% 0.13%
|Vs|PST21HY ~1.5% 1.8% 0.9% 0.18%
|V |PO2K-e+v 2.5%(2.4%"-QCD) 0.35% 0.18% 0.04%
|V g|PF 2BtV 2.1%(1.9>0.5%"-Q¢D) 2.6% 1.3% 0.26%
|V 4|POmerv 4.5% (4.49%"-QCP) 1.26% 0.63% 0.13%

= LQCD calculation uncertainties in the FFs of D->Pl*v are expected
to reduce to (0.5-1.0)% to better measure [V 4| Using D SL decays

= Precise FF studies, especially for D->S/Ae*v and A.* SL decays, as

well as other suppressed SL decays .



Thank you!



Study of D*=>K, e*v at BESII|

» Regardless of long flight distance, K
interact with EMC and deposit part of
energy, thus giving position information

B(D*> K e*v) =(4.482+0.027+0.103)%

_B(Dt — K%e"’ye) B(D~ — Koe 7e)
OF =
> After reconstructing all other particles, - B(DT = Kietv.) + B(D™ — K}e 7,)
_KL can b(_a inferred with position ApPrKLeV=(-0.5020.60 + 1.50)%
information and constraint U ;.20

Simultaneous fit to event density 1(g?) with 2-par. series Form Factor

%, %, . IID‘—)K"TE"'TE"'TE“ tag T,

S i muu i

= = =

Iz R E measured for

= = e e ._:;__“ 3. = - .

i i F?”f’frﬂf% mﬂ:{wﬂﬂ;ﬁ i the first time
-c,v2 (Gew?ict) T2 (Geviich)

T LD oK e tag] T 3

% I B % % of n

] ] e :

(e (e [ea]

= = = PRD92(2015)112008

= = = al i

£ £ £ th e . .

s PR e e TR D.Iﬂﬁrﬂ%n%&m W With 6 dominant
g2 (Gev?rot) g2 (Geviict) g2 (Gewiict) D_ Slngle tag

fK,(0)|V =0.728+0.0060.011 r,=a,/a,=-1.91+0.33+0.24 27



Absolute BF for D*=> K%*v via K0=>n07?

(=2 ]
L ]
o ]

With 6 dominant D~ single tag BES'” CPC4O(2016)113001
Qe T T T T T I: IIIII Z .895+159+067K_m|ﬂ;-|
B 5013+ 78] BES [3]
8.8310.10+0.20 B’ s+
| % CLEO [4]

Events /(0.01 GeV)
N -
Lo
L o ]

% 8.8310.22
% PDG[1]

7
7 8.96+0.0510.21 & —K°
200 %4 BESIIII[&] T
B 7
i ] é 8.59+0.14+021 ¥
B .5910,1410,  —rr’
T Lk o et Ao / This work
90.2 -0.1 0.0 0.1 0.2 0.3 '///f""'
8 9 10 11 12 13 14
Umiss (GEV) B(D+—)K06+Ve) (%0)
0
Taking 1., oo BID">Ke*v] and D" > K eV _ 5 969+0.025
B[D*->K?0%*v] from the PDG as input 1“[D+ N K ev]

Agrees with isospin conservation within 1.2c

28



Improved BF for D*>K%*v at BESII|I

With 6 dominant D~ single tag

BESIII, EPJC76(2016)369

| (a RO +
s000-@ KO 16516+ 130
W (8.72+ 0.07+ 0.18)%
2000 _ Our result
Simultaneous fits
%1000— 7] e+ (9.20+ 0.60)%
E PDG2014
o=
S 0
S
2 300 —— (9.27+ 0.69+ 0.59+ 0.61)%
2 FOCUS
=
200
[ s | (10.30+ 2.30+ 0.80)%
100 BES-II
') . | . | ! | !
' 0.1 0.15 0.2 0.25

Taking B[D?>Ku*v]
and B[D*2>K?0%"v]
from the PDG as input

[D°

[ID > K 4Vl _ 5 963+0.044
[[D* — K V]

[[D* — K V]

— =0.988+0.033
I[D" > Ke'v]

Support isospin conservation in
these two decays within errors

Consistent with theory
prediction 0.97 within error 29



BFs of D.;* > nOe*v at BESIII

= Benefit the understanding of the source of difference of inclusive decay
rates of D) and Dg*

= Complementary information to understand n—n’ mixing

482 pb! data@4.009 GeV, PRD94(2016)112003

¥ aasns , ) R A Asanassaces iMMlaaaraesiseinec
- a) OMe ] [ [ ¢)

[ [EPeak Bkg ] -

10 [ B 1 ir )

Events / (0.01 GeV)

-[I].Z 0.1 0 01 02 03 -q].Z 0.1 0 01 02 03

Umjss (GEV} Umlss (GEV)
BESI CLEOII 95 — CLEOc09 — CLEOc15 PG ]
B(DY = netve)[%] 230 £0.31 £0.08 — 248+020+0.13  2284014+£020 2674029
B(D;r = ety )% 0.9340.30 £0.05 — 091+£033£005 068£015£006  099£0.23

B(DT=y'etu,)

0.40£0.14 £0.02  0.35%£0.09 £0.07 — — —
B(D] —H?E'I'!/e]
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Much improved LQCD calculations

Taking from Aida X. ElI-Khadra’s talk at Beauty2014
errors (in %) comparison: FLAG-2 averages vs. new results

I[llll]llll]llfllll1lr

small errors due to
fo./fp+ __+_ .
FNALMILC (ar + physical light quark masses
I also at Lattic . .
f D, + improved charm-quark action (HISQ)
fD . + PCAC (no renormalization)
_ + ensembles with small lattice spacings
fDK (0) L e— —
+ > work in progress by FNAL/MILC (Lattice 2014), ETM, HPQCD, ..
D
7 (0)
Bz’ < + First results for D mixing bag parameters
D (all five) with local operators only by ETM
' R R U R R A U A R A B B A AN B B (2013, 201 4) =12, 2+1+1
0 1 2 3 4
errorin % » work in progress: FNAL/MILC (Lattice 2014)

review by C. Bouchard @ Lattice 2014
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