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L. BESTT
Motivation

* The D;;,(2317)” meson PRL 90, 242001
= was first observed at BABAR, Wi : { o)
confirmed by CLEO and Belle. S0 £ !
300 E
= the measured massis (2317.7 & o0 | i
0.6) MeV guo b M,
F E Pt +l'1
= is extremely narrow, and the upper o 2 i
limit of the width is 3.8 MeV @ %1 22 23 24 25
95% CL 140 |
= the only known decay is ° Dy, %:f:
but no measured branching > 80
fraction/partial decay width 2 e
o 40 F
" is suggested to be the P-wave cs S ok
state with spin-parity J* = 0*. s e ey s 0
m(D, n°) GeV/c?
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o BESII
Motivation (cont.)

However...

The measured mass (2317.7 + 0.6) MeV is at least 150 MeV lower than
the calculation of potential model and lattice QCD

As D;,(2317) is about 45 MeV below the DK threshold, it has been
proposed as a good candidate of

Theoretical calculations give different values for the partial decay width
I'(D:,(2317)" » n’Ds

due to the
contribution of meson loop

So the partial decay width or the branching fraction of

D:3(2317)~ = Dy is a key quantity to identify the nature of
the Dy (2317)~  °



BESIT
Detector and data samples

Symmetric-energy e*e collider

BESII| detector

RPC: 9
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el | L7
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Wire tracker (no Si); TOF + dF/dx for PID; (@IRHEN; RPC muon

Sample for this work:
W 566.93 pbl, E_, =4.6 GeV taken at BESIII
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. BESIT
Analysis strategy

= Topology
“ ete” - DD, (2317)7; D (2317)” = n°D5

= Strategy
= Tag D" withyD} - yK*K~n*
= Search for D},(2317)~ in the recoil mass of D", and obtain the #
of D;,(2317)~ events
= Tag m¥ from D},(2317)~ decay, and obtain the # of 7°D; event

= The absolute branching fraction of D},(2317)~ — n°Dg is
calculable
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BCSII
Event selections of D™ tag

Reconstruct D" —» yD} - yK*K m* ine*te™ —
+ —_
D:*D:y(2317)
At least 3 good charged tracks with vertex and PID requirements
At least 1 good photon

Make combinations of tracks/photos to form a D and a D;*
candidate, and require

IM(KKT) — M(Dy)| < 16 MeV
IM(yKKm) — M(D})| < 11 MeV

Perform 2C (constrain D and Di* mass) kinematic fit, and require
x? <14



BESII

Recoil mass of D™

B Clear D;,(2317)" peak
¥ Inclusive MC matches well

ZUU

— 180F- —=— Data BESIII preliminary with data background

->‘:.’ 160 - [ Inclusive MC W Backgrounds come from

& 140| — Exclusive MC +++ + + ¥ non-D; bkg: non-DJ

o 1205 ' L ' .t + and mis-combined yDJ

S 100F R f events, cannot form a

S Zg peak at 2317 MeV

g 40 W real-Dg bkg: e.g. D< Dy,

TR D:D,. Their RM(D:)
Q5 > oE a > 55 > peak is distributed far

away from 2317 MeV
B Both of them cannot
form peaking bkg

RM(D,) (GeV/c?)
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BESII
Event selections of i° tag

Due to the low statistics, we partially reconstruct the
D,,(2317)" from the particles not associated with the
D" tag
Reconstruct the ° from D,,(2317)~ —» n°D;, let Dy missing
If more than one ° exist, keep all combinations
Perform 4C kinematic fit (constrain M(DJ), M(D2*), M(t?) and
M(Ds).....), require y? < 36

miss



BESIT

Sample dividing based on 1t° tag
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Divide the ete™ —» D;*D((2317)"
events into 2 sub-samples:

Sample-1: “n°-tag succeeded”
at least one m° is tagged
Sample-lI: “r°-tag failed”

Will obtain better statistical
precision if simultaneous fit these
two sub-samples constraining the
ratio of °D} (or non-°D;) events
in them be fixed by the MC
efficiencies



BESIT

Simultaneous fit to RM(D ™)

Parametrization:
G 40E tag succeeded | ot 3 Signal shape: Crystal ball (fixed by
% 355 M=2318.3 £ 1.2 MeV v D g MC simulation except for mass)
;gg x*Indf=1.02 backgroun convolved a Gaussian (fixed by

i3 ﬁ + T W /

control sample: Dt D3™)

Background: 1-order polynomial

+
+
o
——
| ||H|||ﬁ‘|"_£ﬁ'f‘|‘§7|\|HH||||CII|-\H|H|I|H

2 5
L”148:— """""""""""" +
120 nO-tag failed y%/ndf=1.36 g F' .
- Lt it results:
o gt s bt b N et -
804+ -++- pasc T = # of D}, (2317)" events: 115 + 21
jg% :gz::al fit E in sample-I: N1 =46.8 + 9.4
2of ESIII prel|m|nary eckaren é in sample-ll: N2 = 68.2 £ 12.9
0 b S Mass of D},(2317): (2318.3 + 1.2)
2.2 2.25 23 2.35 4
RM(D *) (GeVI/c? ) MeV

S

Statistical significance of the D;,(2317)~ signal is 5.80



BEST
BF measurements

total # of
# of *0(2317)_
D, (2317)" BR(D;((2317)~ - n°Dy)
sample I eff(z°p;) eff(non-n°Dy)

Nl—NxBxeS,-g+N><(1—B)><ebkg

L

\ J
Y J ! peaking bkg
n°Ds term non-n°D; term [y suchasyDs”
and D; - %X
are absorbed

According to the formula above, the absolute branching fraction is
measured as

BF(D:y(2317)" » n°D;) = 1.00_y 14,
where the statistical error 0.14 is estimated by covering 68.3%
confidence level from the likelihood distribution of the BF.
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BESIT
Angular distributions

D},(2317)" inthe ete™ c.m.system  ©%inthe Dy(2317)~ c.m. system

g 50:— % C
~ 40F ~— Data ~ 15F —— Data
- (=] B
& Aot —— MC simulation & T —— MC simulation
& F s 10
L TR T
10:—| | I | | 55 . | |
Ugrtﬁx D:’ku’
10k BESIIIprellmmary \ BESIIIpreI| inary
0 02 04 06 08 1 0 02 04 06 08 1
| cos(6)(D_) | | cos(8)(n”) |

If the JP of D},(2317) is 0%, both the Di*D},(2317)~ and 7°D; systems
could be in relative S-wave, and the angular distributions should be flat
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, BESIT
Systematics for BF

For absolute branching fraction study, many sources
of the systematics related to D;* tag can be canceled

Source Uncertainty (%)
7Y reconstruction 0.7
Signal shape ,b(* 5.0

PO
Background shagg\\(o 7.4

D7 ;/e)&\\o%s 3.1

The remaining...

Width of [¥,5(2317)~ 5.3
Peaking backgrounds 8.5
Total 13.8
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, BESIT
Systematics for BF

For absolute branching fraction study, many sources
of the systematics related to D;* tag can be canceled

Source Uncertainty (%)
7 reconstruction 0.7
Signal shape .\(\,b(\\ 5.0
The remaining Background shapg\'\(o 7.4 Due to the limited
0 1~ — \\0?‘1\ ’ statistics, systematics
™ D, SEJ,%E\ S 3.1 related to RM (D:™) fit
Width of 9% (2317)~ 5.3 dominate

Peaking backgrounds 8.5
Total 13.8
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, BESIT
Systematics for BF

For absolute branching fraction study, many sources
of the systematics related to D;* tag can be canceled

Source Uncertainty (%)
7Y reconstruction 0.7
- | N The other major
Signal shape . (6\(\3 >0 contribution...
The remaining... Background Shﬂgé\\ 7.4 Studied by simulating
’?TDD; ;5&\\0%5 3] all th.e potential
) ‘ _ peaking backgrounds,
Width of % (2317) 5.3 including y Dz, yyD-
Peaking backgrounds 8.5 and w*” Dy
Total 13.8
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| * €
Systematics for mass of D((2317)"

Source Mass (MeV) Use control sample

Mass calibration 5 ee” - D{TDg” at
/c.m. energy determination 3(* ' 4.6 GeV. Compare
. OO RM(D:*) with PDG
Signal shape Q(e\\ ) value. The difference
Background@g‘é})e - 1.2 MeV is taken as
Tota 1.2 systematic uncertainty
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BESIT
Summary

We observe D;,(2317)" S|gnal viaete™ - D;"D.,(2317) using
BESIII 4.6 GeV data (

The mass of D;;,(2317)" is determined to be

The branching fraction of D}((2317)~ - n°Dy is measured as
for the first time

%(2317) te5|ds to have a significantly smaller branching fraction to
yb than to "' D¢, and this

The width of D;,(2317)~ could be measured in the future with more
data, which may Pshed light on the nature of the D,(2317)" .



