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BESIIl Detector and Data Sample
S

Drift Chamber (MDC)
cP/P (°/,) = 0.5%(1GeV)
Gaesax (/o) = 6%

Super-conducting
magnet (1.0 tesla)

2.93fb"! ete collision data
at 3.773GeV 3.6xCLEO-c

At the DD threshold, and
D meson is produced
Time Of Flight (TOF) solely through DD pair
G;: 90 ps Barrel
110 ps endcap

pCounter
8- 9 layers RPC
OR®=1.4cm™1.7 cm

EMC: O'E/VE(O/O) =2.5% (1 GeV)
(Csl) cz'.(cm) =0.5-0.7 cm/VE
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Double Tag Method

® Reconstruct one hadronic decaying D (single tag,ST), and search
for the signal process in the remainder of the event (double tag,
DT)

® Provide an absolute branching fraction
measurement

Sl
g ‘Nobsa a . /Ea
E tag tag,szg tag

obs,x
N tag

The formula to calculate the branching fraction. @ denotes different tag modes,
is the yield of ST events for tag mode «, NSOLZS is the observed signal yield, ef‘ag and
Staag’sig refer to the ST and DT efficiencies of tag mode «.
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Motivation

® To uncover the nontrivial internal structure of the light scalar
mesons, traditional gqq state, tetra quark system, or etc.

+,£.0% + 501t
= BT/l )+B(D* ~olTv) provides a model-independent way to

®R= B(Dt-agltv)
dot™V) _ Phys. Rev. D 82, 034016 (2010)
understand the classification of the light scalar mesons.

R=1(3) if those mesons are traditional ggbar (tetra quark) system.
This analysis alone will not get us to the answer, but will provide
an anchor for the further understanding of light scalar mesons.

® Semileptonic D decays provide a suitable environment

® The first measurement of the two signal channels, D° —
—,+ + 0,+
a,(980)"e™ve and D™ — ao(980)"e " ve. Phys. Rev. D 92, 054038 (2015)

® With the chiral unitarity approach in coupled channels, the
predicted BFs are order of 5(6)x10° for D°(D*)
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Single tag D° and D~

® Tag modes
D° - K*m~ D™ > K*m~m~
DO — K+gp—70 D™ -» K*n n m"
D° > Kt rntm™ D™ — Kgm™

D~ - Kdn~
D™ > Kdn mntm™
D™ > KK m~

where Kbp —» 7tn~ and % = yy. The invariant mass of the daughter

Yy pair is constrained to the m° mass.

*Charge conjugation is implied
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M, distributions and fits of ST samples
G

; 0(6103) ' ' ' (x10%) ' ' ' (x10%) '
C [ ] — 2 n
(a) 100_(b) _100 MBC _\/Ebeam/c4_ |pD|2/C2
Y| ||
% 0 . A 0- T ‘el i 0 ]
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S ) .« 0000w The ST yields are
S S5 j 20- () extracted by fitting the
5100} - : 7 HHing
£ | L Mg distributions. The
D 58. — signal is modeled with

- (g)

087 186 188 O 184 186 188
My (GeVic?)

M pc distributions of and fits ST samples for different tag modes. The
first row shows the D" modes : (a)K 7. O)K ' 7", Q)K 7 ntm.
and the last two rows show the D~ tagmodes : (d)K "7 7.
@K+t m n’, K2, (@K 7%, WK2r ntn~, )KTK 7.

[BESIII Preliminary]

truth-matched MC shape
convoluted with a Gaussian
function, and the

background is modeled by
an ARGUS function.

184 186 188
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D - ay(980)e™v,

@ Signal candidates are searched in the remainders of the ST
® ay(980) is reconstructed with the nm mode

® D% - ay(980)"etv,, ap(980)" - nm~n = yy

® D - ay(980)°etv,, ay(980)° - nrn - yy
® Two observables are used to extract the signal yields

® N invariant mass: M(NT)

® Umiss’ U = Emiss - Clﬁmissl
*Emiss = Epeam — Em'c — E¢ , Dmiss = _(ptag + Pnn + pe)
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ST yields and ST/DT efficiencies
.. 4444444

Mode ST yields €tag €tag,sig

Ktn— 541541 &+ 753  65.92 £ 0.02 15.18 + 0.20
K*tn—n% 1040340 + 1209 34.66 & 0.01 8.00 + 0.08
Ktn—ntn~ 706179 +982 40.71+0.01 7.35+ 0.09
Ktn—n 9 806444 + 953 51.08 +0.02 5.23 +0.07
K+tr— 770 ~252088 £ 816 26.53+0.02 2.40 +0.06
Kw— 100019+ 837 / 54.33 + 0.05 5.55 + 0.21
K%m—n0 235011+ 759 30{3540.03 3.10 + 0.08
K%r—ntn— 131815+ 710 39.91+70.05 2.66 4 0.10

K-Ktn— 69642 + 398 40.58 £ 0.06 4.09 4 0.20

ST data yields, ST efficiencies and DT efficiencies with
statistical uncertainties. Branching fractions of K'g and 7°
decays are not included in the efficiencies. The first three
rows are for D" and the last six rows are for D—. [BESIII

Preliminary] 2016/9/6



Fitting Procedure

® All the background shapes are fixed based on MC simulation

® Background components:

@ Yields of DD background components are fixed by scaling the MC
sample to the dataset based on the cross section and luminosity.

@ Yields of the non-DD backgrounds (qgbar dominant) are floated.
® Signal shape

® U is modeled with MC shape

® M(nm) is modeled with a fixed BreitWigner Function.
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Fit results

2-D unbinned extended maximum likelihood fits are performed
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Projection of data set, the fit results and backgrounds on (left) M, and
(right) U for (top) D — ao(980)e*v.and (bottom) D+ — ag(980) et v,.

[BESIII Preliminary] 2016/9/6

Fit results of DO
Mode (a)(b) and
D* Mode (c)(d).

Points with error
are data. The red
curves are the total
fit. The dashed
blue lines refer to
the fixed DD
backgrounds and
the solid blue lines
are the non-DD
backgrounds. The
dashed green lines
are the fitted
signal contributions.



Systematic Uncertainties

® The estimated total systematic uncertainty would be ~9%(relative)
for both D° and D* cases, while their statistical uncertainties are
~26(45)% for DO(D*).

® The systematic uncertainties are dominated by two sources:

® Model of form factor: Form factor parameterizations by Becirevic and
Kaidalov[6] is used as the nominal model, and we input ISGW2 model as
a conservative tfreatment to estimate the corresponding uncertainty.

® ay(?80) line shape: The mass and width of a,(980) are poorly measured.
We use the parameters measured by Belle Collaboration™ as the nominal
one and shift one times deviation of the mass and width in the nominal fit
to estimate the corresponding uncertainty.

*Phys. Rev. D 80, 032001 (2009)
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Preliminary Results 1

@ First observation of D? - a,(980) " e*v, and evidence for D -
a,(980)%etv,. Signal significance

® B(D° - ay(980)"e*v,) X B(ay(980) - nm™)
= (1.121233(stat) + 0.10(syst)) x 1074

5.90

® B(D* - ay(980)%*v,) x B(ay(980)° - nr?)
3.0
= (1477073 (stat) + 0.14(syst)) x 10~ ’

*The branching fraction of a,(980) decay is not well measured, so the
product branching fraction is presented here.

*The signal significance is taken to bey/—2In(Ly/Lyest) ,Where L, and L,
are the maximum likelihood values with signal yields floated and fixed to O.
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Preliminary Results 2

® An upper limit on the branching fraction of the D+ mode is also
set by scanning the likelinood distribution, considering the limited
significance

® B(D* - ay(980)%*v,) x B(ay(980)° - nr?)
<27%x107% @ 90% C.L

0.045 F
£ ouf o
B sk The likelihood distributions before and after
o 0.035
O 03 systematic uncertainties taken mnto
& = -
T 0055F consideration. We have the signal event number
% DIZE as16:4 at 90% confidence level, as the red
0015 F . .
- ek \ arrow shows.[BESIII Preliminary]
(@] 3 -
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Motivation

® Decay rate depends on kinematics and Vi

® Form factor encapsulates QCD bound-state effects
ar _ _Gp

® Precise measurement of V.| X f.(q?)
can help to extract form factor as a test
of Lattice QCD by getting the 1., from CKM unitarity,
or reverse the logic to test the CKM unitarity

® Form factor parameterizations:

>Single pole model >Modified pole model >Series expansion model
f+(q2) f+(q2) ©) f+(®) _
£2(0) JAC | $ )
= = = ao(t 1+ 1. (o) 2(E, t
1 %2 (1 _ q2 )(1 . qz > P(t)cb(t, to) 0( 0) L k( 0)[ ( 0)]
MP01€ M;Z)ole Mzgole
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Absolute Branching Fraction

—~  x10® | - ~gx10*

> oL _ 1 >

g 20 _ (a) Dt - K%tvy, | g (b) Dt - n°e+ve+ b

w0 151 o 2 ,

A I Lo

=10} 3¢

» o 1

€ 5f c

() I ()

Lﬁ 5 Lﬁ _ s -1""' L L L | L L L
-0.1 0 01 0.2 -0.2 0 0.2 0.4

ITIISS (GeV) ITIISS (GeV)

B(D* - K%™%v,) = (8.604 + 0.056 + 0.151)%

B(D* - n%*v,) = (3.631 + 0.075 + 0.051) x 1073
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Differential Decay Rate dI"/dg?
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Comparisons of BFs and FFs

T ' T T T T I T T T T ' T T T T ] T T T T T T I T T T
BES-II 8.95+1.59+0.67

CLEO-c  8.83+0.10+0.20

PDG 8.83+0.22

BESIII 8.962+0.054+0.206

BESIII 8.59+0.14+0.21

(K —K2-n°n%)

This work 8.60+0.06+0.15

(RO—)Kg—)n+n')

1 l 1 1 1 1 I 1 1 1 1 ' 1 1 1 1 l 1 1 1 1 1 1 I 1 1 1

5 6 7 s 8 9 10
B(D'—>K e*v,) (102

T T L) l L] L] L) T l Ll T L T l T Ll Ll ' L] L]
HPQCD 0.747-0.0110.015
BESII 0.7820.04=0.03
D' Ke'y,
Belle . 0.695:0.007-0.022 ——
D—=Ke'v,, D= Ku'y,
BABAR 0.727+0.007+0.009
D= K e'v,
CLEO-c 0.73920.007=0.005
D’—=Ke'v,D'—=Kew,
BESIII 0.7368:0.0026=0.0036

—-Ke'v,
BESIII 0.7480.0070.012
D'~ Kfo'v.
This work  0.7246-0.0041=0.0115
D' Kqe'v,
L L L l A L ' L l L L 1 1 l L L I L l A A

055 06 065 07 075 0.8
f5(0)
Charm2016

T Tl o % Ty o W] Tl o] foch ob ook ok Jod Tl el

CLEO-c 4.05+0.16+0.09
PDG 4.05+0.18
This work 3.63+0.08+0.05 —

24 26 28 3 32 34 36 38 4 42

B(D"—n%'"v,) (10)

HPQCD  0.666=0.02:0.021

BESII

D—xe'y,

Belle 0.624+0.020.003

D’ xe'v,, Dl xuty,

BABAR
—axe'y,

CLEO-c  0.666:0.019:0.005

D'—=xe'y, D—aley,

BESIII
—=ae'v,

This work 0.6216:0.011520.0035 ===

D' x'e’v,

0.7320.1420.06

0.610.02+0.005 =i

0.6372+0.008=0.0044

First and

second
are sta
and sys

errors
tistical
tematic

0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85

f2(0)
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Absolute Branching Fraction

_|||| T 1T 1 | B E | ™ T T 7T ||||_ |||||||l|||||l||llIIIIIIIIIIIIlIIIIIl
Baar | | | | i | >  8.95£1.59+0.67 K —mn”
% 600: + i BES [3]
i z bs __ = Z
© [ N> =5013 +78 ] ) 8.83+0.10+0.20 R’ —n*n-
= L ! CLEO [4]
é 400 - = _
=5 W ] - 8.83+0.22
= P 4 ' PDGJ1]
£ 200f : ;
= . ™ 7 b 8.96+0.05+0.21 K —K®
L 7 BESIII[6]
-0.2 -0.1 0.0 0.1 0.2 0.3
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; - =0
=4 8.59+0.1410.21 T’ —nx°
This work
IIIIIIIIII'IIIIIIIIlIIIllIlIlIIIlllIII
— 8 9 10 11 12 13 14
+ 0,+ il
B(D™ = K"e™v,) B(D =K e'v,) (%)
= (8.59+0.14 + 0.21)% Comparison of the result in this

work with those from the other
experiments.

Charm2016 2016/9/6



Outline
I e

® Introduction

@ First Observation of D — a,(980) " e*v, and Evidence for D™ -
a,(980)°etv,

® Analysisof D* - K%*v, and Dt - n%e*v,
@ Measurement of DT - K%(nn%)etv,
® Improved measurement of D* —» K%u*v,

® Summary

Charm2016 2016/9/6



Events /(0.005 GeV)

Absolute Branching Fraction

3000 @ ~
+ _ ROttt
2000 D™ = K™ (™ u" vy
N°bs = 16516+ 130
1000 -
0
(b)
300 . |
+ 0/ 0.0\, +
DY - K°(m°mDu"v,
200 NOPs = 4198|+ 33
100
$2 01 = 00 0.1 0.2 0.3
lvmiss((;e\r)
Charm2016

Simultaneous fits on the two Umiss
distributions (different Ks decay modes)
are performed to extract the signal
yields. All shapes are extracted from MC
simulations.

Dots with error are dataq, the blue solid
curves are the best fits, blue dashed
lines are signals, red dotted lines are
D" - K%t 1% peaking backgrounds,
and the black dot-dashed curves are
from other backgrounds

B(DJr — I?O,uvu)
= (8.72 1+ 0.07 + 0.18)%
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Summary

® With 2.93fb? data collected at 3.773GeV, we can approach the

rare semileptonic D decays, as well as perform some precise
measurements

® More results will come out in the future

@ With about 3fb data collected at 4.180GeV this year, DJ analysis
IS on the way

Thanks
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