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Introduction

D leptonic and semi-leptonic decays are ideal window to probe
for weak and strong effects
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m Precision measurements of decay constants fg,, fo.,, form
factors f,P?K®@(g?) of semi-leptonic decays of D mesons will
calibrate LQCD calculations at higher accuracy. Once they pass
experimental tests, the precise LQCD calculations of f/fg, fos/fgs
and form factors will be helpful for measurement in B decay

= Recent LQCD calculations on fj,,[0.5(0.5)%], f,°>*®(0)
[1.7(4.4)%] provide good chance to precisely measure the CKM
matrix element |V 4|, which are important for the unitarity test of
the CKM matrix and search for NP beyond the SM
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Data Sample
‘Designed luminosity is 1X 10 em st aty(3770)
Highest luminosity reached 0.85X 10% cm?s- at y(3770) in 2014

2.92 fb1 at w(3770)
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The parameters of each sub-detectors
can be found in previous talks



Singly Tagged D° and D- Mesons
DODO and D*D- are produced in pair at y(3770)

Singly tagged D° and D- mesons are reconstructed
by hadronic decays with large branching fraction and
less combinatorial backgrounds

e+ +
H+ K(TC)_
\
.V
® D+9 KLe+V

N At the recoil side of singly tagged D% and D- mesons,
- D >Krmety leptonic and semi-leptonic decays can be studied

- D*>w/dpetv .



D* Leptonic Decays

G2r2,
In the SM: F(Dfy — Tve) = = \Vcd(s)\zmgm% 1—

87

Bridge to precisely measure
= Decay constants fj,, with input |VCO|(S)|CK'V“‘itter

= CKM matrix element [V y| with input f-Q<P,




Measurement of B[D*=>pt*v], T, and |V

2.92 fbl data@ 3.773 GeV
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B[D*> utv]=(3.710.19+0.06) X 10

Input tp,, mp,, m,, on PDG and
;?]%uli/tDro?&’(:\nﬁ:?S;DG LQCD calculated f,,=207+4
cd MeV[PRL100(2008)062002]

f.=(203.245.31.8) MeV IV.,|=0.22100.0058+0.0047




Comparisons of B[D*2>u*v | and fp,
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Comparisons of f,,, fp., and f, Ty,

Taken from Gang Rong s talk at CKM2014

....... T T 1 T [ P I
Experiment 20594 4.7 266,94 4.4 }4-—| 1.2604 0036  —+—
Lattice(HPQCD) 208,34 3.4 246036 | s o 01}?1
Lattice( FNAL+MILC) fef ' [
@QCD Sum Rules F—— F—— i
QCD Sum Rules — =
QCD Sum Rules =a —=
QCD Sum Rules == ——
QCD Sum Rules —=—] —e—
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Field Correlations e =
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150 Te0 o G0 M0 7m0 IS R S v
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Experiments Femilab Lattice+MILC (2014) HPQCD (2012)
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fo.(MeV) 203.944.7 212.6+0.4710 1.80 | 208.3£3.4 0.8c
fos+(MeV) 256.9+4.4 249.0£0.3"11 1.7¢ | 246.0£3.6 l.4c
fo+ fose 1.260£0.036 | 1.1712+0. 0010+o 0029 | osx | 2.50 | 1.187+0.013 | 1.9¢c

= Precisions of the
LQCD calculations of
foer Tosss Tpsifps reach
0.5%, 0.5% and 0.3%,
which are challenging
the experiments

m The experimentally
measured and the
theoretically expected
fosr Toses Fpsifpss differ
by about 20

Ds+

m Improving
measurement with
larger data sample is
expected at BESIII!



D Semi-leptonic Decays
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Bridge to precisely measure:

= Form factors fP7K® (g?) with input [V )| <MAter

— Single pole form — Modified pole model
ooy Sa(0) oy S (0)
S+ (@) = = e Sila) 1_ MQ 0 —@W 5
— ISGW2 model E _, — Series expansion model
fold) = i) (14 B2 =) S T—— (1 | kz;m(tonz@,to>1k)

= CKM matrix element |V | with input f-QCP-b=K(m (0) .



Number of events
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Measurement of B[D°2> K(w)e*v]
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Comparison of B[D°2> K(r)-e*V]

T (K e*v) /Typra;

|_-_| (3.4510.1010.19) % BELLE
= (3.50+0.0310.04) % CLEO-c
H (3.505+0.014+0.033) % BESIIT
Preliminary
['(K"etv) /T (K 7 )xI P20 (R o+
: : (3.53+0.27+0.43+0.05)% E691
—— (3.4940.2310.2310.05)% CLEO

F—— (3.80£0.10£0.17£0.05)% cLEO2
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BESIII Preliminary

(0.2770£0.0068+0.0099) 7%
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[ (T etv) /T (K etv)x[FPe20M (K etvy)

(0.359+0.071+0.0110.005)% E691

{0.366+0.13810.046+0.005)% CLEO

(0.291+0.021+0.018+0.004)% cCLEO2

(0.289£0.008) %

PDG2014
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Extracted Parameters of Form Factors
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Measurement of f,KM®(g?)

Experimental data calibrate LQCD calculation

Fermilib Lattice, MILC and HPQCD, PRL94 (2005) 011601

@

o8
-+

T

Fermilib Lattice and MILC, PRD80 (2009) Q34026 N;
| ot
s [ ()CD) calculation * 3 e [ (CD caleulation
D LQCD stat, exvor D LQCD stat, etror
D LQCD syt ertor D LOCD sys, error
— Dita 2 — it

Solid lines represent
LQCD fits to the

BK model, PLB478
(2000)417

BESII .



Measurement of f,K®(0)

Input [V 4| of CKM-Fitter
fD%K(n)+(O) |Vcs(d)| a

i &—0.78t:0.04+0.03 BES-II
PLB597, 39

- 0.739+0.007+0.005 CLEO-c
PRD80, 032005, 3.Par.Ser.

F—=— 0.695+0.0071£0.022 BELLE
PRL97, 061804, Mod.Pole

(| 0.727+0.007+0.005 BABAR
PRD76,052005, ISGW2

] BESIII Preliminary

F—~— 0.747+0.011+0.015 HPQCD
PRP82(2010)1}4506
| | | | | | 1

fD%K(n)+(O)

=—0.73+0.14+:0.06 BES-II
PLB597, 39

F—=— 0.666+0.019+0.005 CLEO-c
PRD80, 032005, 3.Par. Ser.

— 0.624+0.020+0.007 BELLE
PRL97, 061804, Mod.Pole

—— 0.610+0.017+0.011 Babar
PRD91 (2015) 052022
Babar, 3—-Par. Ser.

Fa] BESIII Preliminary

F—o— 0.666+0.020+0.021 HPQCD
PRD84 (2011)114505
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Measurement of [V |

= Method 1

B[D2I"Vv]

= Method 2

fO>K® (0)|V o)l

Input tp,, Mp,, m,, on PDG

and LQCD calculated fD;s;+ a

Input fP2Km®_(0) of LQCD

Vcd( S)

Vcs( d)

Method:D f—utv

1.009+0.040+£0.020 CLEO—c

Method:D —Ttv

1.01510.030+£0.018 CLEO—c

average (D ;—>1+v)

Method:D —Ketv

0.961+0.011+0.024 HPQCD
PRDS82 (2010)114506
Based on CLEO—c&BaBar

BESIITI Preliminary

I

0.230+0.011 PDG2014 (VV)
CDHS, CCFR, CHARMII, K CHORUS

0.223+0.010+0.004 HPQCD Calculation
PRD86 (2012) 054510, CLEO—c (D*—*v)

0.225+0.00620.010 HPQCD Calculation
PRD84 (2011) 114505, CLEO—c (D—Tetv)

0.2210+0.0058+0.0047 BESIII (D" >u*w)
PRD89 (2014) 051104 (CHARMZ2012)

BESIITI Preliminary (D=7 etv)

0.2060.00710.009
Babar (D" —T etw)
PRD91 (2015) 052022

1.2

Ved

0.3 0.4

|Vcd|

0.5 0.6 0.7

Method 2 suffers larger theoretical uncertainty in f,D>K®(0) [1.7(4.4)%)]



Events /(0.018 GeV/ch)

Events /(0.018 Gev*ch)

Study of D2 K, e*v

» 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)%

A _B(Dt — KE&JFVS) —B(D™ — K%e_z?e)
OF = — —_
> After reconstructing all other particles, B(D* — Kpetve) + B(D™ — Kje 7)
K, can be inferred with position AgpP>KLeNV=(-0.59+0.60 + 1.50)%
information and constraint U, ,;..=0.

miss

Slmultaneous flt to event density 1(g?) Wlth 2 par series Form Factor

o bk D— —>K+TE+'J'E+TE" tag
‘I':JIILI

{2, First measurements

Events/(0.018 Ge\z’szﬂ)
|
|
Events/(0.018 Ge\fzf’c"‘)

See Fenfen An’s
talk for more detail

Events /(0.018 GeY4/ch)

Events /(0.018 GeV/ch)

.S 1 1 a 0.s 1 15 o o.s 1
g2 [Geviiot) g2 (Gewiio) g2 (Geviich

fK,(0)|V =0.728+0.006+0.011 r,=a,/a,=-1.91+0.33+0.24 17



Study of D*>K-rte*v

m Fractions with >5c significance
FIDT = (K ") gorgsn, €ve) = (93.93 + 0.22 4 0.18)%

F(DT = (K1) s wape €Tve) = (6.05 1 0.22+ 0.18)%

= Measured parameters of R*(892)

s Comparison of data and fit with S+P
in D*2>K-nttetv

T T 1 da‘a 5000 T T T
—fit Lok
Hbg 0
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Events/ 0.02GeV/c*
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b N 4308037 = 108 7
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2 04 : 0.6 OAF 1 1
qX(GeV°rc™)

W 2N,,=55.80/49=1.14
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0
cosBy

0
cos6,

Model independent S-wave phase measurement
140 LN DLELLELE BLLELELE UL DAL AL DL DAL BN L L

BESII 54K "(892) hased on LASS Para.

[} BESII Mod. Ind. S+K (892) -
} BABAR Mod. Ind. 54K "(8020eK (1410 o

120

ook =
E sof E
& F A
= eof S
- .
40— -
20F =
_..I....I....I....I....IQ%I....I....I....I... .
007708 09 1T L1 12 13 14 15 16
my(GeV/c?)
Form factors of D+9E*(892)e+v by SPD model
v(0) 2 Aq,(0)
V(g?) =——. 4 = L2
My, is expected to Mpyq
my = (1.81%53540.02) GeV/c*
my = (2.61%32240.03) GeV/c?
A; (0) = 0.573+0.011 + 0.020

r, = V(0)/A; (0) = 1411 + 0.058 + 0.007
r, = A,(0)/A, (0) = 0.788 + 0.042 + 0.008

See Fenfen An’s
talk for more detail 18



Study of D*>K-rte*v

Events located in the K*Y(892) window
[0.8.1] GeV/c2, are used to measure the
form factors by a Projective Weighting
Technique [citation: CLEO collaboration,

Phys. Rev. D 81, 112001 (2010)].

Signal 15 assumed to be composed of
K*%(892) and a non-resonant S-wave.

Helicity basis form factors include:

P-wave related: Hy 5(g%)
S-wave related: hy(g2)

Five weighted g2 histograms are built.
Weight 1s assigned to each event based on

(q°, cosBy, cosh,).

Form factors are independently computed in
each g2 bin.

The model-independent measurements are
generally consistent with CLEQ’s report.
And they are also consistent with the
predicted trend based on the SPD model
from amplitude analysis.

Model independent measurement of form factors in D+9R*0(892)e+v

[

(a) e _ (b) e

[ :
- [Erm ez j ¥===
:I-

s 25 é Normalization (see plot (c)):
Tt ;¥ +?+ + 'I' q2|Hol(g?)|* = 1as g = 0

Eed dots  : BESII model-independent measurement

Black dots : CLEO model-independent measurement

Blue Line : BESII result from amplitude analysis, which is
based on SPD model and mass-dependent S-wave

Motice: The lines are not simple fits of these dots!
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Study of D*->we*v and Search for D> ¢e*v

3 - 22F
= 100 = IF
o . 2 18E
— L E
% 80f % 16F
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B[D*> we*v]=(1.63+0.11+0.08)x10-3 B[D*>¢e*v]<1.3x105 at 90% C.L.

@ Amplitude analysis is performed

n F
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M r,=V(0)/A,(0)=1.2440.09+0.06

N r,=A,(0)/A,(0)=1.06+0.1520.05

e — By % See Fenfen An’s

talk for more detail 20



Summary

= With 2.92 fb-! data taken at 3.773 GeV by BESIII, we study the
leptonic decay D*->putv, the semi-leptonic decays D°2>K(n)e'v,
as well as D*™2>K, e*v, Kn*e'v and o/¢e*v

= Improved decay constant fy,, form factors f,P>K®@(g?) in
D->K(m)e*v, as well as form factors in D*->Ve*v, which are
Important to test/calibrate LQCD calculations accurately

= Improved CKM matrix element |V (|, which is important for
unitarity test of the CKM matrix

m Some other topics are ongoing

= BESIII decide to take 3 fb* data at 4.17 GeV in 2016, improved

foer @nd |V | by D.*=21"v are expected in the near future

= 10 fb-! more data at 3.773 GeV will be more helpful for further
Improving decay constant, form factors, |V 4/, as well as
strong phases...... 21
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Back-up slides



Progress in LQCD Calculation

Taking from Aida X. El-Khadra’s talk at Beauty2014

errors (in %) comparison: FLAG-2 averages vs. new results

IIIII[]III[]III]'II]I[

small errors due to
st /fD‘|‘ I
- FNAL/MILC (ar + physical light quark masses
fDS __ alsoat Latti improved charm-quark action (HISQ)
fr+ + PCAC (no renormalization)

+ ensembles with small lattice spacings

+ ‘>work in progress by FNAL/MILC (Lattice 2014), ETM, HPQCD, ...

D
770
Bz’ - * First results for D mixing bag parameters

D (all five) with local operators only by ETM
c v v v v b by (2013, 201 4) =2, 2+1+1
0 1 2 3 4
error in % e work in progress: FNAL/MILC (Lattice 2014)

review by C. Bouchard @ Lattice 2014
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