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Why they are important?

Leptonic and semi-leptonic D 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?X®(q2) of semi-leptonic decays of D, mesons will
calibrate LQCD calculations at higher accuracy. Once they pass
experimental tests, the precisely LQCD calculated f/fg, fp/fgs and
f,D2K®(0)/f,B2K®(0) will be helpful for measurements in B decays

= Recently improved LQCD calculations on fp),[0.5(0.5)%)],
f,P2K®(0) [2.4(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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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 hadron decays with large branching fraction and
less combinatorial backgrounds

At the recoil side of singly tagged D° and D- mesons,
leptonic and semi-leptonic decays can be studied



D* Leptonic Decays

G2r2,
In the SM: F(Dfy — Tve) = = \Vcd(s)\zmgm% 1—
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Bridge to precisely measure
= Decay constant fj g, with input |VCO|(S)|CK'V“‘itter

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




Progress of Measuring f,, in past 26 years

= MARKIII, 9.6 pb-tat y” m BESI, 22.3 pb-1 at 4.03 GeV
15
No D*->u'*v signal found 1stsignal of D*2>u*v
| PRL60(1988)1375 il | | & PLeazsnssgss
oL 0 m_ﬂ']ﬂ _ I, \\
O 0.25 o.5 0.75 1.0 .25 L»x
PO E N T UM {Gevwic)
f,<290 MeV @ 90% C.L. = (300715450 MeV
= BESII, 33 pb~ data at y” = 2004-2008, CLEO-c, 818 pb** at y”
P 2.7 S|gnals of D+9u+v — _ 150 S|gnals of D+9I+v 7
3 . PLB610(2005)183 PRD78(2008)052003
g o9 |- i ) ::‘Eni%.; - . | g 200 ]
= o8 | e e &
= o . : S ., ) i““g 100 :
0.6 l‘i L J L L i _hlil\[l'_li'f':v

. E o 0.25 0.50
Umisa (GeV) MM?Z? (GeV?)
129

= (3715}, £25) MeV f,,=205.8+7.5+2.5 MeV



Progress of Measuring f,., in past 21 years

m WA7Y5, Fixed target experiment m CLEOII, 2.13 fb-1 at 10.6 GeV
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Progress of Measuring f,., in past 21 years

= L3, Z>qq, 49.6 pb at 91.2 GeV = OPAL, 3.9x106 e*e>qq
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Progress of Measuring f,., in past 21 years
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Progress of Measuring f,., in past 21 years

m Belle, 913 fb-1 at 10.58 GeV
Absolute measurements
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Better statistical but worse systematic errors at B factory

= Babar, 521 fb1 at 10.58 GeV
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Improved B[D*->u*v],
ete >y (3770)=>D*D-

fy. and |V 4| at BESIII

2.92 fbl data@ 3.773 GeV
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Comparisons of B[D*2>u*v | and fp,
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Comparisons of Existing ., fo., and f,:fy.,

Taken from Gang Rong’s talk at CKM2014
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m Precisions of the
LQCD calculations
of 1:D+’ st+’ 1:D+:st
reach 0.5%, 0.5%
and 0.3%, which are
challenging the
experiments

m The experimentally
measured and the
theoretically calcula-
ted fy,, foss fosifpss
differ by about 2¢

m Improving
measurement with
larger data sample is
necessary!
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Semi-leptonic Decay D> K(x)etv
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Bridge to precisely measure:

= Form factors f,PZK®(0) with input [V )| <Miter

— Single pole form — Modified pole model

N () N J1(0)

fe(a™) = [ S (a@) (1_M2 )(l—aM )
— ISGW2 model — Series expansion model

-2
Fole®) = Foldh) (1+ R S —— (H ;m@o)p(t,tom)

= CKM matrix element |V | with input f,-Q€PD=Km(0)
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Progress of Extracting f,°>X®(0)|V |

During the past 26 years, studies of D>K(n)l*v are made by MARKIII, E691,
CLEO, CLEOII, BESII, FOCUS, BELLE, Babar and CLEO-c

m BELLE, 282 fb-! at 10.58 GeV
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Number of events

Improved B[DY=>K(r)-e*v] at BESIII

2.92 fb'l data@ 3.773 GeV
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Comparisons of B[D°2>K(r)-e*Vv]

T (K e*v) /Typra;
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Extracted Parameters of Form Factors
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Improved Form factor f,P>K®(0) at BESII|

—=—0.781£0.04£0.03 ~ BES-II o 0.73+0.14+0.06
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Improved |V 4| at BESIII

£,PZED0)|V gl

Method:D f—utv
—— 1.009+0.040+0.020 g.ggg:f%g%%, c rz, ggg& g s:l. 4 (vV)
—>—0.978+0.0260.022

e 1.041+0.033+0.032 0.22340.010+0.004 HPOCD Calculation
PRDB86 (2012) 054510, CLEO—-c (D *—>11*v)

Method:D —Ttv

F—— 1.0154+0.030+0.018 CLEO—c 0.225+0.006+0.010 HPQOCD Calculation
PRD84 (2011) 114505, CLEO—c (D —>7e*v)

0.960+0.034+-0.049 BaBar

1.025+0.019+£0.031 Belle 0.2210+0.0058+0.0047 BESIII (D*—u*v)
PRDE9 (2014) 051104 (CHARM2012)
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Method:D —Ketv

0.961+0.011+0.024 HPQCD
PRD82 (2010) 114506

Based on CLEO—c&BaBar 0.20610.00720.009

Babar Preliminary (D °—>7t_e"'v)

BESIII Preliminary
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Method 2 suffers larger theoretical uncertainty in f,02K®(0) [2.4(4.4)%]




Summary of BESIII results

= With 2.92 fb-! data taken at 3.773 GeV by BESIII, we study
the leptonic decay of D*™>u*v and the semi-leptonic decay
DY->K(w)etv

= We provide improved measurement of decay constant f,
and form factor f,P?X™(g?), which are important to test and
calibrate LQCD calculations accurately

m We provide improved measurement of CKM matrix element
|Ves@l» Which is important for unitarity test of the CKM matrix

= BESIII will take 3 fb-! data at 4.17 GeV in 2016, improved
measurement of fy,, and |V | by D.,*=2>1"v is expected in the
near future
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Why HIEPA Is expected?

Leptonic decay D,">I*v
= Measurement of T, ), and |V 4| Is limited by data size
= More precise fg,, fye,, fpiifps IS €Xpected

1. Challenge from LQCD calculation with 0.5%, 0.5% and 0.3% precisions
2. ~2co difference between experiment and theoretical calculation

Semi-leptonic decay D%>K(n)etv
= Measurement of f,P27(0) is limited by data size
» Measurement of |V | is limited by f,-QCP-D2Km(0)

Improving |Veg)l, foe)+ f:27K™(0) statistical
precisions by an order of magnitude at HIEPA?
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Prospects at HIEPA?

Opportunity: If we have 300 fb! data at 3.773 GeV and 300 fb-!

data at 4.17/4.03 GeV, what precisions we can reach?

Roughly estimate based on BESIIl and CLEO-c experiments

Systematic error

Statistical error

~3 bl 12 bt 300 fb-t
Afp.lfo, ~0.9%BES!! 2.6% 1.3% 0.26%
Afpeffoes ~1.504CLEO- 1.19%/2.0% | 0.6%/1.0% | 0.11%/0.20%
Afpsilfosk ~0.50%BES!! 0.35% 0.18% 0.04%
Afps fos ~0.7%BES!! 1.26% 0.63% 0.13%
|V [P+ ~2.09CLEO-C 1.8%1/3.0% | 0.9%/1.5% | 0.18%/0.30%
[V [POK-erv | 2 B5ORBESII(D 404L0CD) 0.35% 0.18% 0.04%
IV g[PH>2Y | 2.19BESI(1.950.5%19CD) | 2.6% 1.3% 0.26%
[V y[PO>me+ | 4.506BESHI(4.495LQCD) 1.26% 0.63% 0.13%

Challenges:

= Measuring V¢l by D2>K(n)e*v will be
limited by LQCD calculation precision of
f,D2K®(0), whether it can reach 0.5% level?

= Measuring fp., and |V | will be
limited by systematic error of

reach 1.0% level?

selecting D.*=>I*v, whether it can ,




Thank you!
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Comparisons of B[D*2>u*v | and fp,
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Comparisons of B[D*2>1"V]

Taking from Gang Rong’s talk at CHARM2012
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Comparisons of B[D"21*v] and fp,

Taking from Gang Rong’s talk at CHARM2012

Based on the measured branching factions of D¢+ leptonic decays
(after radiative correction), and with inputs of D¢* mass, lepton mass,
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Comparisons of existing B[D.*=2> u(t)*V]
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Projections on Form Factors f<®_(g?)
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Comparisons of Form Factors

Experimental data calibrate LQCD calculation
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Progress in LQCD Calculation

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

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