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Outline

-­‐	
  A	
  pair	
  produc>on	
  of	
  DD?	
  (DS+DS-­‐)	
  at	
  mass	
  threshold
-­‐	
  σ(e+e-­‐	
  ➝	
  DD?)	
  at	
  Ecm	
  =	
  3.773	
  GeV
-­‐	
  Line	
  shape	
  of	
  σ(e+e-­‐	
  ➝	
  DD?)	
  around	
  Ecm	
  ~	
  3.770	
  GeV
-­‐	
  1st	
  observa>on	
  of	
  SCSD,	
  D	
  ➝	
  ωπ
-­‐	
  DS+	
  ➝	
  η’X	
  and	
  DS+	
  ➝	
  η’ρ+
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Analysis Overview

● Ingredients:

● Charged K/p pass vertex and PID cuts

● K
s
 from p+ p-, p0 from gg, invariant mass cuts

● Cut on DE and fit m
BC

 distributions to extract yields

● Determine efficiencies with same procedure on Monte Carlo Samples

● Extensive MC studies and data cross-checks to validate procedure

D
−

D
+

K+
p-

p-

p+

K-

p+

p0

● Select D-Tag candidates with 

DE = E
tag

 – E
beam

● D0 Modes: K+p-, K+p-p0, K+p+p-p-

● D+ Modes: K-p+p+, K-p+p+p0,  K
s
p+, K

s
p+p0, K

s
p+p+p-, K-K+p+

● Charge-conjugate modes implied

e+ e-
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Charm	
  @	
  mass	
  threshold
-­‐ Around	
  Ecm	
  ~	
  3.770	
  GeV	
  ,	
  e+e-­‐	
  ➝	
  γ*	
  ➝DD?

-­‐ Typical	
  main	
  backgrounds	
  from
e+e-­‐	
  ➝	
  γ*	
  ➝	
  qq̅	
  ➝	
  light	
  hadrons	
  (q	
  =	
  u,	
  d,	
  and	
  s).
σ(e+e-­‐	
  ➝	
  γ*	
  ➝	
  qq̅)	
  is	
  ~	
  17	
  nb,	
  while	
  σ(e+e-­‐	
  ➝	
  DD?)	
  ~	
  6.5	
  nb.

-­‐ Typically,	
  two	
  ways	
  to	
  obtain	
  the	
  D	
  yields:
❖ 	
  Single	
  Tag	
  (ST)	
  :	
  Find	
  only	
  one	
  D.

➡Larger	
  backgrounds

➡Higher	
  efficiencies

❖ 	
  Double	
  Tag	
  (DT):	
  Find	
  both	
  of	
  them.

➡Smaller	
  backgrounds

➡Smaller	
  efficiencies

3
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Two	
  popular	
  variables

-­‐ Beam-­‐Constrained-­‐Mass;	
  MBC	
  =	
  √(Ebeam2	
  -­‐	
  |	
  p⃗D|2)
	
  p⃗D	
  is	
  a	
  reconstructed	
  D	
  3-­‐momentum.

‣ Its	
  resoluCon	
  is	
  dominated	
  by	
  the	
  spread	
  in	
  Ebeam

‣ The	
  signal	
  has	
  asymmetric	
  shape
(longer	
  tail	
  on	
  its	
  high	
  side)
	
  due	
  to	
  the	
  ISR	
  effect	
  (|	
  p⃗D|	
  gets	
  smaller)

-­‐ ∆E	
  =	
  ED	
  -­‐	
  Ebeam
‣ Almost	
  independent	
  of	
  the	
  measured	
  MBC.
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Fitting Procedure

● Single-tag fit: analytic background shape, 
MC-derived signal-shape, cut and count in ±3s

K
s
pp0 

K-p+p+p0 vs K+p-p- 

● Double-tag fit: 2D fit, MC-derived signal shape and 
4 background shapes, cut and count in ±3s

Preliminary

Preliminary

● Small (<3%) peaking backgrounds from other D decays corrected for

Data Fit to data

A	
  typical	
  ST	
  MBC
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The	
  BESIII	
  detector

5

ARTICLE IN PRESS

and the position resolution in the beam direction at the vertex is
expected to be !2 mm measured by stereo wire superlayers with
stereo angles in the range of "3.41 to +3.91. The transverse
momentum resolution is expected to be 0.5% at 1 GeV/c in the 1 T
solenoid field. A 3s p/K separation is possible up to 770 MeV/c

with the expected 6% dE/dx resolution for particles with incident
angle of 901.

1.4.2. Time-of-flight system
The time-of-flight system is based on plastic scintillator bars

read out by fine mesh photomultiplier tubes directly attached to
the two end faces of the bars. It consists of a barrel and two end
caps. The barrel TOF has two layers of staggered scintillating bars
mounted on the outer surface of the carbon fiber composite shell
of the MDC. Each layer has 88 scintillator bars that are 5 cm thick
with a trapezoidal cross-section. The two single layer end caps,
each with 48 fan shaped counters, are located outside of the MDC
end caps. The expected !100 ps time resolution allows 3s p/K
separation to reach approximately 700 MeV/c at 901. The solid
angle coverage of the barrel TOF is jcos(y)jo0.83, while that of
the end cap is 0.85o cos(y)o0.95. TOF counters also play a
critical role as fast triggers for charged particles. The Hamamatsu
fine mesh PMTs are directly attached to the ends of the scintillator
bars without the long Lucite light guides used in the TOF system
of the original BES detector. This is the main factor that
contributes to the significant improvements in time resolution.

1.4.3. CsI(Tl) crystal calorimeter
The electromagnetic calorimeter is designed to precisely

measure the energies of photons above 20 MeV and to provide
trigger signals. It has good e/p discrimination capability for
momentum higher than 200 MeV/c. The EMC consists of 6240

RPC: 8 
layersRPC: layers

SC coil

TOF
barrel 

TOF
endcap 

SCQ

CsI
end cap

CsI
barrel

MDC

Fig. 1. Schematic drawing of the BESIII detector.

Table 3
Detector parameters and performance comparison between BESIII and BESII.

Subsystem BESIII BESII

MDC
Single wire srf (mm) 130 250
sp/p (1 GeV/c) (%) 0.5 2.4
s (dE/dx) (%) 6 8.5

EMC
sE/E (1 GeV) (%) 2.5 22
Position resolution (1 GeV) (cm) 0.6 3

TOF
sT (ps)

Barrel 100 180
End cap 110 350

Muon
No. of layers (barrel/end cap) 9/8 3
Cut-off momentum (MeV/c) 0.4 0.5

Solenoid magnet field (T) 1.0 0.4
DO/4p 93% 80% (used)

M. Ablikim et al. / Nuclear Instruments and Methods in Physics Research A 614 (2010) 345–399348
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3	
  e+e-­‐	
  annihila>on	
  samples
in	
  this	
  talk

1.	
  At	
  Ecm	
  =	
  3.773	
  GeV.	
  Accumulated	
  luminosity	
  =	
  2920	
  pb-­‐1.
2.	
  3.745	
  ≤	
  Ecm	
  ≤	
  3.854	
  GeV	
  with	
  22	
  different	
  Ecm	
  values.

-­‐	
  For	
  each	
  Ecm,	
  the	
  accumulated	
  luminosity	
  ~	
  1~8	
  pb-­‐1.
-­‐	
  The	
  total	
  accumulated	
  luminosity	
  ~	
  70	
  pb-­‐1.
	
  	
  	
  (For	
  more	
  detail,	
  please	
  see	
  Yi	
  Fang’s	
  talk	
  given	
  at	
  yesterday’s	
  parallel	
  session.)

3.	
  At	
  Ecm	
  =	
  4.009	
  GeV.	
  Accumulated	
  luminosity	
  =	
  482	
  pb-­‐1.
	
  	
  	
  	
  This	
  sample	
  produces;
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  e+e-­‐	
  ➝	
  γ*➝DS+DS-­‐,
	
  	
  	
  	
  	
  where	
  the	
  paris	
  of	
  DS+DS-­‐	
  come	
  from	
  decays	
  of	
  ψ(4040).
	
  	
  	
  	
  	
  Thus,	
  MBC	
  and	
  ΔE	
  are	
  useful	
  again.

6
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Measurement	
  of
σ(e+e-­‐	
  ➝	
  DD?)	
  at	
  Ecm	
  =	
  3.773	
  GeV

7

              

An	
  interes>ng	
  topic	
  in	
  the	
  context	
  of	
  
σ(e+e-­‐	
  ➝	
  ψ(3770)	
  ➝	
  non-­‐DD?)

Useful	
  informa>on	
  to	
  normalize	
  a	
  measured	
  ST	
  BF	
  
along	
  with	
  the	
  accumulated	
  luminosity
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DT	
  method
-­‐ Reconstruct	
  (charge	
  conjugate	
  modes	
  are	
  implied)
D0	
  ➝	
  3	
  modes:	
  K-­‐π+,	
  K-­‐π+π0,	
  K-­‐π+π-­‐π+

D+	
  ➝	
  6	
  modes:	
  K-­‐π+π+,	
  K-­‐π+π+π0,KSπ+,KSπ+π0,KSπ+π+π-­‐,K-­‐K+π+

-­‐ In	
  e+e-­‐	
  ➝	
  DDX	
  events,	
  where	
  D	
  ➝	
  X	
  and	
  DX	
  ➝	
  Y,
let	
  BF(D	
  ➝	
  X)	
  =	
  Nx/(εx·∙NDD?)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  Single	
  	
  	
  Tag	
  (ST)
	
  	
  	
  	
  	
  	
  BF(DX	
  ➝	
  Y)	
  =	
  Ny/(εy·∙NDD?)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  Single	
  	
  	
  Tag	
  (ST)
	
  	
  	
  	
  	
  	
  BF(D	
  ➝	
  X)×	
  BF(DX	
  ➝	
  Y)	
  =	
  Nxy/(εxy·∙NDD?)	
  :	
  Double	
  Tag	
  (DT)
Then,	
  NDD?	
  =	
  [Nx·∙Ny/Nxy]×[εxy/(εx·∙εy)]	
  and	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  σ	
  =	
  NDD?/L,
	
  L	
  =	
  2920	
  g-­‐1	
  (Chin.Phys.C37,	
  123001	
  (2013)).
(one	
  can	
  obtain	
  the	
  absolute	
  BF	
  from	
  the	
  DT/ST	
  BFs	
  raCo	
  above)

-­‐ Extract	
  Nx	
  and	
  Ny	
  by	
  filng	
  to	
  MBC	
  	
  (with	
  cut	
  on	
  ΔE)
-­‐ Extract	
  Nxy	
  by	
  filng	
  to	
  a	
  2D;	
  MBCy	
  	
  v.s.	
  MBCx	
  .

8



                       CHARM 2015   MAY/2015Hajime Muramatsu    U of Minnesota

Fiung	
  to	
  MBC

-­‐ Example	
  fit	
  to	
  MBC	
  of	
  D+	
  ➝	
  KSπ+π0.
-­‐ MC-­‐based	
  signal	
  shape	
  
	
  w/	
  ARGUS	
  background	
  funcCon.

-­‐ Small	
  peaking	
  backgrounds	
  (~3%)
are	
  taken	
  into	
  account.

9
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Fitting Procedure

● Single-tag fit: analytic background shape, 
MC-derived signal-shape, cut and count in ±3s

K
s
pp0 

K-p+p+p0 vs K+p-p- 

● Double-tag fit: 2D fit, MC-derived signal shape and 
4 background shapes, cut and count in ±3s

Preliminary

Preliminary

● Small (<3%) peaking backgrounds from other D decays corrected for

Data Fit to data
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Fitting Procedure

● Single-tag fit: analytic background shape, 
MC-derived signal-shape, cut and count in ±3s

K
s
pp0 

K-p+p+p0 vs K+p-p- 

● Double-tag fit: 2D fit, MC-derived signal shape and 
4 background shapes, cut and count in ±3s

Preliminary

Preliminary

● Small (<3%) peaking backgrounds from other D decays corrected for

Data Fit to data

ST	
  fit

DT	
  fit
K-­‐π+π+π0	
  

vs	
  
K+π-­‐π-­‐

MBC(KSπ+π0)	
  in	
  GeV/c2

MBC(K+π-­‐π-­‐)	
  in	
  GeV/c2MBC(K-­‐π+π+π0)	
  in	
  GeV/c2
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Preliminary	
  results

-­‐ Averaging	
  the	
  resultant	
  cross	
  sec>ons	
  
over	
  different	
  decay	
  modes	
  (X	
  and	
  Y),	
  we	
  have;

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  σ(e+e-­‐	
  ➝	
  D0D?0)	
  =	
  3.641±0.010	
  (stat.)	
  nb
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  σ(e+e-­‐	
  ➝	
  D+D-­‐)	
  =	
  2.844±0.011	
  (stat.)	
  nb

at	
  Ecm	
  =	
  3.773	
  GeV	
  based	
  on	
  2920	
  pb-­‐1.

-­‐ Consistent	
  with	
  CLEO-­‐c	
  (PRD	
  89,	
  072002)	
  
at	
  Ecm	
  =	
  3.774	
  GeV	
  based	
  on	
  818	
  pb-­‐1;
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  σ(e+e-­‐	
  ➝	
  D0D?0)	
  =	
  3.607±0.017(stat)±0.056	
  nb	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  σ(e+e-­‐	
  ➝	
  D+D-­‐)	
  =	
  2.882±0.018(stat)±0.042	
  nb

10
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How	
  about	
  in	
  the	
  vicinity	
  of	
  Ecm~	
  3.770	
  GeV?
Line	
  shape	
  of	
  σ(e+e-­‐	
  ➝	
  DD?)

Does	
  the	
  highest	
  σ(e+e-­‐	
  ➝	
  DDX)	
  posiCon	
  
correspond	
  to	
  the	
  mass	
  ψ(3770)	
  measurement?

Or	
  is	
  there	
  another	
  source(s)	
  
that	
  feeds	
  σ(e+e-­‐	
  ➝	
  DDX)	
  in	
  this	
  energy	
  region?

For	
  more	
  detail	
  on	
  this	
  preliminary	
  result,
	
  	
  	
  Please	
  see	
  Yi	
  Fang’s	
  talk	
  given	
  at	
  yesterday’s	
  parallel	
  session.

11
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Produc>on	
  line	
  shape	
  of	
  DD?
σ(e+e-­‐	
  ➝	
  [not	
  only	
  ψ(3770)	
  ?]	
  ➝	
  DD?)

-­‐	
  Recently,	
  it	
  has	
  been	
  claimed	
  that	
  a	
  single	
  BW	
  may	
  not	
  be	
  sufficient
	
  	
  	
  to	
  describe	
  the	
  observed	
  line	
  shape	
  of	
  DDX.
	
  	
  	
  And	
  some	
  introduced	
  an	
  interference	
  in	
  the	
  DDX	
  final	
  states	
  with
	
  	
  	
  DDX	
  from	
  non-­‐ψ(3770)	
  decays	
  (e.g.,	
  tails	
  from	
  other	
  cc̅	
  resonances).

-­‐	
  Consequently,	
  there	
  has	
  been	
  changes	
  in	
  ψ(3770)	
  parameters,	
  like	
  MASS.
	
  	
  	
  The	
  mass	
  of	
  the	
  highest	
  σ(e+e-­‐	
  ➝	
  DDX)	
  does	
  NOT	
  change	
  at	
  ~3.773	
  GeV/c2.
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I. INTRODUCTION

For years, the line shape of the  (3770) resonance has been the subject of investigation and uncertainty. Several

experiments (BESII [1], Belle [2], and BaBar [3, 4]) have performed measurements of the shape with varying results

(shown in Table I). However, only one of these measurements included the e↵ects of interference. Using ISR events

in e

+

e

� collisions at
p
s = 10.58 GeV, BaBar [4] found it necessary to include interference e↵ects in fitting their

DD spectrum in order to fit the data. In 2012, the KEDR experiment [5] measured the  (3770) parameters with

interference included, and found noticeably discrepant results with those ignoring such e↵ects. Due to the statistics

of the KEDR sample, their precision was insu�cient to fully resolve this issue. This study aims to use the larger data

sample available at BESIII to measure and analyze the DD line shape. It will primarily follow the method of the

KEDR collaboration, as well as examine an alternative using two Breit-Wigner shapes without interference e↵ects.

Experiment M (3770)

BES-II [1] 3772.0 ± 1.9

Belle [2] 3776.0 ± 5.0 ± 4.0

BaBar [3] 3775.5 ± 2.4 ± 0.5
†BaBar [4] 3778.8 ± 1.9 ± 0.9
†KEDR [5] 3779.2+1.8+0.5+0.3

�1.7�0.7�0.3

† includes interference

TABLE I: Previously measured masses for the  (3770).

II. THEORETICAL BACKGROUND

A. Determination of ISR Cross Section

To calculate the radiatively corrected (RC) cross section for DD production from the  (3770), we follow the

approach of KEDR [5]:

�

RC

DD

(W ) =

Z
z

DD

(W
p
1� x)�

DD

(W
p
1� x)F(x,W 2) dx. (1)

Here, F(x,W 2) is the probability of losing a fraction of W 2 from ISR [6]:

F(x,W 2) = � x

��1


1 +

↵

⇡

✓
⇡

2

3
� 1

2

◆
+

3

4
� + �

2

✓
37

96
� ⇡

2

12
� L

72

◆�
= � x

��1

F (W 2),

� =
2↵

⇡

(L� 1), L = log

✓
W

2

m

2

e

◆
.

(2)

The factor z
DD

includes a Coulomb interaction between the constituents of the charged mode (D+

D

�),

z

D

+
D

� =
⇡↵/�

D

+

1� exp(�⇡↵/�
D

+)
⇥ ✓(W � 2m

D

+), (3)

but only accounts for the DD energy threshold in the neutral mode (D0

D

0),

z

D

0
D

0 = ✓(W � 2m
D

0). (4)

These theta functions are mainly to establish the bounds of Eq. 1. We can further simplify this integral due to the

relatively constant values of z
DD

and �
DD

over su�ciently small intervals. By splitting our region into such intervals
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Fig. 1. The observed multihadron cross section as a function of the c.m. energy for
the three scans. The curves are the results of the vector dominance fit. The detection
efficiencies and the energy spreads for the scans differ.

(the ψ(2S) partial width above the D D threshold) and F0 (con-
stant term of the form factor) or by three parameters g , a, b
defined in Eqs. (13), (14), (15) and (16). The last but not least free
parameter was the interference phase φ. The total number of free
parameters was either 15 or 16.

The parameters controlling the nonresonant form factor behav-
ior have strongly correlated asymmetric statistical errors. Instead
of them we present below the value of the nonresonant D D cross
section at the resonance peak σ N R

D D
(M) and its error obtained in

fits with modified sets of free parameters (e.g., the (F0, Γ
ψ(2S)

D D
)

pair was replaced with the (F0, σ N R
D D

) one).
The observed multihadron cross section for the scans is pre-

sented in Fig. 1. The curve represents the vector dominance fit.
The resulting values of ψ(2S) parameters agree very well with
those obtained fitting the narrow energy range around ψ(2S) (pre-
vious Letter). The difference in the mass values is 2 keV, the
variation of the Γee × Bh product is about 0.3%. As a consistency
check, we estimate Ruds for the three scans. The fitted values are
2.33 ± 0.10, 2.25 ± 0.09 and 2.31 ± 0.06. The weighted average
Ruds = 2.300 ± 0.046 ± 0.108 (χ2/NDoF = 0.49/2) agrees well with
a similar value 2.262 ± 0.122 published by BES in Ref. [32] and
does not contradict to the result of the BES measurement [33]:
R = 2.14 ± 0.01 ± 0.07 at W = 3.65 GeV.

The excess of the multihadron cross section in the ψ(3770) re-
gion is shown in Fig. 2. To calculate the excess, the terms 1–4 of
Eq. (1) obtained by the vector dominance fit were subtracted from
the measured cross section at each point, the residuals were cor-
rected for the detection efficiency calculated by weighting the fit
terms 5–8. These terms of the fits are presented with the curves.
The ignored-interference fit and the fits with the anomalous line
shapes from Ref. [16] are presented for comparison.

3.3. On ambiguity of resonance parameters

It is known that for two interfering resonances the ambigu-
ity can appear in the resonance amplitudes and the interference
phase. A detailed study of that issue can be found in Ref. [34].
In the case of two resonances with constant widths complete de-
generation occurs: one obtains the identical cross sections for two
combinations of the amplitudes and phase at the same values of
the mass and width.

Fig. 2. Excess of the multihadron cross section in the ψ(3770) region. The curves
show relevant parts of the fits. The error bars correspond to the uncertainty of the
measured multihadron cross section. All data are corrected for the detection effi-
ciency which is different in the three scans. See the detailed explanation in the
text.

Fig. 3. Excess of the multihadron cross section in the ψ(3770) region. Solid and
short-dashed curves correspond to two VDM solutions. Resonant and nonresonant
parts are presented separately.

For the energy-dependent widths there is no complete degen-
eration, however, the likelihood function has local maxima on the
amplitude-phase plane at slightly different mass and width values.
A similar situation occurs when a resonance interferes with a vary-
ing continuum.

In our case the typical difference in equivalent χ2 values of the
two local minima is very small, −2& ln (L) ≃ 0.02, thus a certain
solution cannot be chosen. The variation of mass and width for
possible solutions is small and neglected below.

4. Results of analysis

4.1. ψ(3770) parameters assuming vector dominance

In Table 3 we compare the ψ(3770) parameters obtained un-
der the assumption of ψ(2S) dominance in the nonresonant form
factor for two possible solutions with those extracted from the
ignored-interference fit and the current world average values. The
small corrections to residual background given below in Table 5 of
Section 4.3 are not applied to results of the fit. The continuum D D
cross section σ N R

D D
is given without the radiative correction factor

Integrating the cross sections in the  !3770" region
(3:74–3:80 GeV=c2), we compute the ratio of branching
fractions,

 

B !3770"! D0 !D0"
B! !3770"! D#D$" % 1:78& 0:33& 0:24; (6)

to be compared with the value of 1:28& 0:14 reported by
the PDG [6].

We perform an unbinned maximum likelihood fit to the
D !D mass spectrum summed over all channels. The pa-
rameters of the  !4040",  !4160", and  !4415" are fixed to
the values reported in Ref. [18] while the Y!4260" parame-
ters are taken from our measurement from the J= !#!$

channel [2]. The parameters of the  !3770" are left free in
the fit. In addition, we search for evidence of the Y!4260" in
this spectrum. Resolutions effects have been ignored since
the widths of the resonances are much larger than the
experimental resolution.

We express the total D !D production as

 

fjP# c1W1ei"1 # c2

!!!!
G
p

ei"2 # . . .# cnWnei"n j2

# !1$ f"B; (7)

where ci and "i are free parameters, Wi are spin-1 relativ-
istic Breit-Wigner distributions, P represents the nonreso-
nant contribution, B describes the non-D !D background and
f (0:829& 0:015) is the signal fraction. The efficiency
#B!mD !D" is almost linear and increases from ' 2( 10$3

to ' 4( 10$3 in the fitted mass region. It has been pa-
rametrized by a 2nd order polynomial and it has been
multiplied by P and Wi. The data require that we include
the 3:9 GeV=c2 structure, as suggested in Ref. [15], which
we parameterize empirically as the square root of a
Gaussian times a phase factor (

!!!!
G
p

ei"2). The parameters
of the Gaussian are left free, and the phase allows inter-
ference with the  states.

We find that, in order to have a satisfactory description
of the data, interference must be allowed between the
resonances and the nonresonant contribution P. The latter
contribution is parametrized either as a linear (a# bm) or

FIG. 5. (a) D0 !D0 and (b) D#D$ cross sections with statistical
uncertainties only.

FIG. 4 (color online). (a) The ISR D !D mass spectrum. The
shaded mass spectrum is from D !D mass sidebands. The curve
results from the fit described in the text. (b) An expanded view of
the region with mD !D < 4:2 GeV=c2.
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A	
  brief	
  descrip>on	
  of	
  analysis	
  procedure
	
  We	
  primarily	
  follow	
  the	
  KEDR	
  procedure	
  (PLB	
  711,	
  292	
  (2012))
	
  	
  in	
  today’s	
  preliminary	
  results.

-­‐ Define	
  σborn(Ecm)	
  ∝ |ANR	
  +	
  ARes·∙eiφ|2

‣	
  ARes(Ecm)	
  :	
  ψ(3770)	
  amplitude	
  :	
  ∝	
  √[ΓeeΓDD?(Ecm)]	
  /	
  [M2-­‐Ecm2-­‐iMΓ(Ecm)]

	
  where	
  ΓDD?(Ecm)	
  ∝	
  Γ(Ecm)	
  ×	
  BF(ψ(3770)➝DD?).

‣	
  ANR	
  :	
  Try	
  two	
  models	
  for	
  today	
  (NOT	
  the	
  only	
  choices)
➡	
  Vector	
  Dominance	
  Model	
  (VDM):	
  use	
  the	
  above	
  BW	
  w/	
  M	
  =	
  3.686	
  GeV.
➡	
  An	
  empirical	
  approach:	
  ANR	
  ∝	
  exponen>al	
  form

  to	
  probe	
  the	
  above	
  model	
  dependency.

-­‐ Procedure:
‣	
  Fit	
  to	
  σobs(Ecm)	
  =	
  ND/[2·∙ε·∙L(Ecm)].

‣	
  Obtain	
  ψ(3770)	
  shape	
  parameters	
  from	
  σborn(Ecm).
	
  We	
  float	
  Γeeψ(3770),	
  Γψ(3770),	
  and	
  φ	
  with	
  a	
  fixed	
  BF(ψ(3770)➝DD?)	
  =	
  100%.

13
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Fiung	
  to	
  “∆E	
  vs	
  MBC”
-­‐ Reconstruct	
  (same	
  as	
  the	
  previous	
  analysis)
D0	
  ➝	
  3	
  modes:	
  total	
  reconstruc>on	
  efficiency	
  ~	
  11%	
  :	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  K-­‐π+,	
  K-­‐π+π0,	
  K-­‐π+π-­‐π+	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
D+	
  ➝	
  6	
  modes:	
  total	
  reconstruc>on	
  efficiency	
  ~	
  10%	
  :	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  K-­‐π+π+,	
  K-­‐π+π+π0,	
  KSπ+,	
  KSπ+π0,	
  KSπ+π+π-­‐,	
  K+K-­‐π+

-­‐ SingleTag	
  method:	
  	
  
-­‐ Fit	
  to	
  2D	
  (ΔE	
  vs	
  MBC)	
  with	
  MC	
  shapes
➜	
  obtain	
  yields,	
  ND,	
  in	
  each	
  Ecm	
  bins
-­‐ Form	
  σobs(Ecm)	
  =	
  ND/[2·∙ε·∙L(Ecm)].
L(Ecm)	
  is	
  the	
  accumulated	
  luminosity	
  in	
  Ecm	
  bin.

14
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Projec>ons	
  onto	
  MBC	
  (in	
  GeV/c2)

15

Example: just below where the Born cross section vanishes 

 distribution 

	
  	
  	
  	
  

Fit	
  example	
  at	
  Ecm	
  ~	
  3.800	
  GeV

BESIII-DOC-422 v3 - May 1, 2015

E [GeV]∆
0.1− 0.08− 0.06− 0.04− 0.02− 0 0.02 0.04 0.06 0.08 0.1

Ev
en

ts
 / 

( 0
.0

08
 )

0

100

200

300

400

500

600

700

E [GeV]"∆A RooPlot of "

 [GeV]BCm
1.84 1.86 1.88 1.9 1.92 1.94

Ev
en

ts
 / 

( 0
.0

02
 )

0

100

200

300

400

500

600

700

800

 [GeV]"BCA RooPlot of "m

 / D.o.F. = 748.91 / 643 = 1.16472χ

CL = 0.002375

0Bin 12  -  D
 3.775)≤ 
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3585

 45±1559 

 325±2025 

SUCCESSFUL

FIG. 1: An example 2D signal fit for D0 in the region 3.772 < E
beam

 3.775. The data points (black) are fit by the total MC

shape (blue), which is the sum of the signal (green) and background (red) components.

C. Signal Determination

To find the total number of signal events, we first arrange our MC samples into the following four groups: proper

D-tags (N
DD

), misreconstructed D-tags (N
misrec

), continuum (N
qq

), and other (N
other

). The first two groups are

obtained using truth information from the DD samples, while the last group is a combination of the ⌧⌧ , �J/ , and

� 

0 samples. These groups are fitted using the RooFit package to perform a negative log-likelihood minimization

for each energy bin (E
i

) separately for both D

0 and D

+. For each fit, the four MC sample groups are each used to

construct a PDF function, and their sum is fit in �E and m

BC

against the data histogram. The proper DD shape is

treated as signal, and its integral after fitting is used as N
DD

(E
i

) for determining the resulting cross section points.

An example of this fit is shown in Fig. 1, while the complete set of these plots can be found in Appendices A and B.

IV. SIGNAL EFFICIENCY

In addition to the parameters gathered by DTagAlg, truth information was taken from the generic DD samples

in order to determine the mode-by-mode reconstruction e�ciency. To be deemed proper, a reconstruction must pass

not only the standard D-tag cuts, but also match the generator information for the event. This process removes

peaking backgrounds from modes with similar constituents. The total number of proper D-tag reconstructions are

then divided by the number of D particles generated for each mode, and are weighted by the PDG branching ratios

[13]:

✏

DD

=
X

i

✓
N

i proper

N

i generated

◆
B
i

=
X

i

✏

i

B
i

. (18)

Additionally, included in each D

0 branching fraction is the doubly Cabbibo-suppressed ratio for its corresponding

conjugate mode (such as D0 ! K

+

⇡

�). This minor shift in the e�ciency balances the small excess of signal events

picked up by DTagAlg from these modes.

To determine the cross section at each point, this procedure was calculated separately for each energy bin. The

total number of proper and generated particles for each energy bin are shown in Table V for D0 and Table VI for D+.

The e�ciencies for D

+ and D

0 were also calculated across the total sample, and are shown for each mode in Table

VII and Fig. 2. Each energy bin’s total e�ciency for both D

0 and D

+ are shown in Table VIII.

To cross-check these e�ciency values, an alternative fitting-based method was also employed. This divided the

DD MC sample into two halves, and treated one as a data-like sample. The remaining events were Truth-tagged to

6

Fit	
  example	
  at	
  Ecm	
  ~	
  3.773	
  GeV	
  

-­‐	
  At	
  around	
  Ecm	
  ~	
  3.773	
  GeV,	
  the	
  direct	
  produc>on	
  dominates
	
  	
  	
  (not	
  much	
  the	
  ISR	
  tail	
  on	
  the	
  high	
  side	
  of	
  MBC).

-­‐	
  At	
  higher	
  Ecm,	
  the	
  contribu>on	
  from	
  ISR	
  dominates.
	
  	
  Par>cularly,	
  
	
  	
  at	
  Ecm	
  ~	
  3.810	
  GeV	
  (not	
  shown),	
  the	
  peak	
  at	
  1.865	
  GeV/c2	
  is	
  gone!
	
  	
  That	
  is,	
  the	
  yield	
  of	
  D	
  is	
  en>rely	
  from	
  the	
  ISR	
  tail!

Preli
minary

Preli
minary
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Fiung	
  to	
  σobs(Ecm)

16
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The	
  fit	
  finds	
  the	
  minimum	
  σborn	
  
at	
  around	
  Ecm	
  =	
  3.810	
  GeV

without	
  the	
  knowledge	
  of	
  the	
  ISR	
  effect

-­‐ Simultaneously	
  fit	
  to	
  σobs(W)	
  of	
  D0D?0	
  and	
  D+D-­‐.

-­‐ Only	
  σobs(e+e-­‐	
  ➝	
  D+D-­‐)	
  with	
  the	
  VDM	
  is	
  shown	
  here.

Preli
minary

Not	
  easy	
  to	
  fit
with	
  a	
  single	
  BW?



Source Mψ(3770)[MeV/c2] Γψ(3770)	
  [MeV] Γeeψ(3770)×
B(ψ(3770)➝DD?)	
  [eV]

BESIIIVDM 3781.5±0.3 25.2±0.7 230±18

BESIIIExponen>al 3783.0±0.3 27.5±0.9 270±24

KEDR 3779.3+1.8-­‐1.7 25.3+4.4-­‐3.9 160+78-­‐58,	
  420+7280

PDG 3773.2±0.3 27.2±1.0 [262±18]×
B(ψ(3770)➝DD?)

                       CHARM 2015   MAY/2015Hajime Muramatsu    U of Minnesota

Results

-­‐ Consistent	
  with	
  the	
  KEDR’s	
  result	
  (as	
  they	
  should).

-­‐ The	
  shown	
  errors	
  are	
  sta>s>cal	
  errors	
  only.

-­‐ We	
  can	
  only	
  determine	
  Γeeψ(3770)×BF(ψ(3770)➝DD?)
(this	
  is	
  essen>ally,	
  our	
  DD?	
  YIELDS).
That	
  is,	
  IF	
  Γeeψ(3770)	
  could	
  be	
  determined	
  independently,
THEN	
  BF(ψ(3770)➝DD?)	
  can	
  be	
  extracted	
  from	
  our	
  fit!

17

Systema>cs,likely	
  dominated	
  by	
  the	
  NR	
  model	
  dependency

We	
  got	
  only	
  one	
  solu>on	
  from	
  the	
  fit

Preli
minary
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The	
  first	
  observa>on	
  of
singly	
  Cabibbo-­‐suppressed	
  decay

D+	
  ➝	
  ωπ+

and	
  
the	
  evidence	
  in	
  D0	
  ➝	
  ωπ0

For	
  more	
  detail	
  on	
  this	
  preliminary	
  result,
	
  	
  	
  Please	
  see	
  Peter	
  Weidenkaff’s	
  talk	
  given	
  

at	
  yesterday’s	
  parallel	
  session.

18
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D	
  ➝	
  ωπ	
  so	
  far
The	
  singly	
  Cabibbo-­‐suppressed	
  decays	
  D+(0)	
  ➝	
  ωπ+(0)	
  
have	
  not	
  been	
  observed	
  yet.	
  
The	
  most	
  recent	
  experimental	
  search:	
  
BF(D+	
  ➝	
  ωπ+)	
  <	
  3.0	
  ×	
  10−4	
  @90%	
  C.L.	
  
BF(D0	
  ➝	
  ωπ0)	
  <	
  2.6	
  ×	
  10−4	
  @90%	
  C.L.	
  
(CLEO-­‐c;	
  PRL96,	
  081802(2006);	
  281	
  pb-­‐1)
was	
  Singe	
  Tag	
  method	
  ➜	
  con>nuum	
  background	
  dominates.

-­‐ H.Y.	
  Cheng	
  and	
  C.W.	
  Chiang	
  predicts	
  
BF(D0	
  ➝	
  ωπ0)	
  ~	
  1×10-­‐4	
  	
  (PRD	
  81,	
  074021	
  (2010),
due	
  to	
  destruc>ve	
  interference	
  between	
  color-­‐suppressed	
  
diagrams.

-­‐ We’ll	
  go	
  the	
  Double	
  Tag	
  route:
Reconstruct	
  	
  the	
  same	
  3	
  and	
  6	
  decay	
  modes	
  for	
  D0	
  and	
  D+	
  
as	
  in	
  the	
  DD?	
  line	
  shape	
  study.

19
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Double	
  Tag:	
  on	
  the	
  signal	
  side

-­‐ Reconstruct	
  ω	
  ➝	
  π+π-­‐π0,	
  π0	
  ➝	
  γγ
-­‐ ω	
  helicity	
  angle:	
  
Require	
  |Hω|	
  =	
  |cosθhelicity|	
  >	
  0.54	
  (0.51)	
  for	
  D+(D0):
Expect	
  the	
  signal	
  to	
  have	
  Hω2	
  shape.

-­‐ ω	
  peaking	
  backgrounds	
  are	
  es>mated	
  from	
  2D	
  MBC	
  
sidebands	
  (both	
  tag	
  and	
  signal	
  side	
  MBC).

-­‐ Require	
  MBC	
  and	
  ΔE	
  to	
  be	
  consistent	
  with	
  D	
  on	
  both	
  
signal	
  and	
  tag	
  sides.

-­‐ Fit	
  to	
  M3π	
  =	
  invariant	
  mass	
  of	
  π+π-­‐π0

with	
  MC-­‐based	
  signal	
  shapes	
  and	
  background	
  
polynomials.

20
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Fit	
  to	
  doubly	
  tagged	
  M3π

21
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Also	
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  see

From	
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  SBs
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So	
  we	
  fit	
  to	
  the	
  η	
  region	
  only	
  as	
  well
-­‐ but	
  without	
  the	
  requirement	
  

on	
  the	
  |Hω|.
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FIG. 5: Fits to the 3π mass spectrum for D+ → π+π−π0π+ (a)
and D0 → π+π−π0π0 (b) in η mass region for signal region S
defined in Fig. 2. Points are data; the (red) solid lines are the total fits;
the (blue) dashed lines are the background shapes, and the hatched
histograms are peaking background estimated from sidebands.

TABLE V: Summary of branching fraction measurements.

Decay mode This work PDG value
D+ → ωπ+ (2.74± 0.58± 0.17)× 10−4 < 3.4× 10−4 at 90% C.L.
D0 → ωπ0 (1.05± 0.41± 0.09)× 10−4 < 2.6× 10−4 at 90% C.L.
D+ → ηπ+ (3.13± 0.22± 0.19)× 10−3 (3.53± 0.21)× 10−3

D0 → ηπ0 (0.67± 0.10± 0.05)× 10−3 (0.68± 0.07)× 10−3

a measurement of branching fractions for D+ → ηπ+ and265

D0 → ηπ0 which are consistent with the PDG values.266
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DS+	
  hadronic	
  decays

For	
  today,	
  
DS+	
  ➝	
  η	
  X

and
DS+	
  ➝	
  η	
  ρ+

This	
  is	
  based	
  on	
  the	
  sample	
  taken	
  at	
  
Ecm	
  =	
  4.009	
  GeV

(Accumulated	
  luminosity	
  =	
  482	
  pb-­‐1)
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BF(DS+➝	
  η’X)	
  and	
  BF(DS+	
  ➝	
  η’ρ+)
-­‐ The	
  situaCon	
  is	
  rather	
  interesCng
Sum[	
  BF(DS+	
  ➝	
  η’	
  +	
  exclusive	
  in	
  PDG)]	
  =	
  (18.6±2.3)%,	
  while
BF(DS+	
  ➝	
  η’	
  X)	
  =	
  (11.7±1.8)%	
  (CLEO-­‐c	
  @	
  Ecm~4.170	
  GeV	
  PRD79,	
  112008).

-­‐ In	
  the	
  exclusives,	
  the	
  single	
  largest	
  BF	
  is	
  
BF(DS+	
  ➝	
  η’ρ+)	
  =	
  (12.5±2.2)%	
  (CLEO2	
  @	
  Ecm~MΥ(4S),PRD58,	
  052002(1998)).
However,	
  CLEO-­‐c	
  reports	
  (@	
  Ecm~4.170	
  GeV;	
  PRD88,032009(2013))
BF(DS+	
  ➝	
  η’	
  π+π0;inclusive)	
  =	
  (5.6±0.5±0.6)%.

-­‐ A	
  factorizaCon	
  method	
  predicts
BF(DS+	
  ➝	
  η’ρ+)	
  =	
  (3.0±0.5)%	
  (F.S.	
  Yu,	
  et	
  al,	
  PRD84,	
  074019	
  (2011)).

-­‐ We	
  can	
  use	
  our	
  “Ecm	
  =	
  4.009	
  GeV”	
  data	
  to	
  measure	
  these	
  BFs.
	
  We’ll	
  employ
	
  	
  	
  	
  	
  	
  the	
  Double	
  Tag	
  method	
  for	
  BF(DS+➝	
  η’X)	
  analysis
and	
  the	
  Single	
  Tag	
  method	
  for	
  BF(DS+	
  ➝	
  η’ρ+)	
  analysis.

24
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The	
  tag	
  side
-­‐ Reconstruct	
  these	
  9	
  tag	
  modes.
-­‐ Culng	
  on	
  ΔE	
  and	
  fit	
  to	
  MBC.

-­‐ Fit	
  with
MC-­‐based	
  signal	
  shapes
and	
  ARGUS	
  bkg	
  funcCons.
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Figure 1: Fits to the MBC distributions for the ST Ds candidates. In each plot, the points with error bars are data, the dashed
curve is the background contributions and the solid line is the total fit.
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The	
  signal	
  side:	
  DS+➝	
  η’X
-­‐ η’➝	
  ηπ+π-­‐,	
  η	
  ➝	
  γγ	
  

-­‐ Take	
  the	
  smallest	
  |M(ππη)	
  -­‐	
  M(η’)	
  |	
  if	
  mul>ple	
  candidates
➜	
  bkg	
  in	
  M(ππη)	
  tends	
  to	
  peak.	
  It	
  also	
  peaks	
  due	
  to	
  mis-­‐reconstructed	
  DS.

-­‐ Fit	
  to	
  a	
  2D;	
  M(ππη)	
  vs	
  MBC,	
  where
Mbc	
  is	
  the	
  tag	
  side	
  beam-­‐constrained	
  mass.

-­‐ MBC	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  MC-­‐based	
  signal	
  shape	
  and	
  ARGUS	
  background	
  func>on.
M(ππη):	
  MC-­‐based	
  signal	
  shape
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  BKG	
  =	
  polynomial	
  +	
  2	
  Gaussians	
  (center	
  fixed	
  at	
  M(PDG)).
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Figure 2: Projections of the two-dimensional unbinned fit to DT events from data onto MBC (left) and M(η′
π+π−η

) (right).

To select events where the D+
s decays to η′X, we require that the DT events contain an η′ candi-218

date among the particles recoiling against the ST candidate. As mentioned above, the η′ candidates are219

reconstructed with η′ → π+π−η, and the η subsequently decaying into γγ. All particles used in the η′220

reconstruction must satisfy the requirements detailed above. If there is more than one η′ candidate, the221

one with the smallest ∆M ≡ |M(η′ππη)−m(η′)| is kept, where m(η′) is the nominal η′ mass [9]. The decay222

mode η′ → ρ0γ is not used due to high combinatorial background contributions.223

There are peaking background contributions in M(η′ππη) produced by events in which there is a fake224

D−
s tag accompanied by a real η′ in the rest of the event. Therefore to obtain the DT yields, we perform225

a two dimensional unbinned fit to the variables MBC(α) and M(η′ππη). For MBC(α), the fit functions are226

the same as those used in the extraction of yαST. For M(η′ππη), the signal is described by the convolution227

of a MC-derived signal shape and a Gaussian function with floating parameters. Background contributions228

in M(η′ππη) consist of (a) D+
s D

−
s events in which D−

s decays to the desired ST modes, but the D+
s decay229

does not involve an η′; (b) other (non-ST signal) decays of D−
s and also non-D+

s D
−
s processes. Component230

(a) is described with a first-order polynomial function. Component (b) is modeled with the sum of two231

Gaussian functions plus a quadratic polynomial function. The mean of the two Gaussian are fixed to the232

η′ nominal mass [9]. Other parameters and all the amplitudes are float in the fit. The ARGUS function of233

MBC(α) would help constrain the description of M(η′ππη) in component (b). This treatment on background234

contributions has been verified in MC simulations. There is no obvious correlation between MBC(α) and235

M(η′ππη), so the fit functions of these two variables are directly multiplied. We obtain the combined DT236

yield yDT from the fit shown in Fig. 2. Table 2 gives the total yields of DT in data and the corresponding237

DT efficiencies. Combining the yields and efficiencies, we obtain B(D+
s → η′X) = (8.8±1.8)% with Eq. 4.238

3.2. Measurement of B(D+
s → η′ρ+)239

In order to improve the statistical precision, we determine the branching fraction for D+
s → η′ρ+ using240

STs. Naively this would not allow to benefit from systematic uncertainty cancellationa as in the MARK III241

DT method. However, similar cancellations can be achieved by measuring our signal relative to a similar,242

already well-measured final state. Thus, we measure B(D+
s → η′ρ+) relative to B(D+

s → K+K−π+), using243

B(D+
s → η′ρ+)BPDG

ρ+ BPDG
η′

B(D+
s → K+K−π+)

=
yη

′ρ+

ST

yK
+K−π+

ST

· ε
K+K−π+

ST

εη
′ρ+

ST

, (5)

where BPDG
ρ+ = B(ρ+ → π+π0)B(π0 → γγ).244

7

SIGNAL	
  =	
  68±14	
  events
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Single	
  TAG:	
  DS+➝	
  η’ρ+

-­‐ Due	
  to	
  the	
  limited	
  sta>s>cs,	
  we’ll	
  do	
  the	
  Singe	
  Tag	
  method.

-­‐ Require	
  
-­‐ 0.943<M(ππη)<0.973	
  (roughly	
  ±3σ)
-­‐ |M(π+π0)	
  -­‐	
  M(ρ)|<0.170	
  GeV/c2

-­‐ |ΔE|	
  be	
  consistent	
  with	
  zero	
  (~-­‐4+3σ)
-­‐ Goal:	
  obtain	
  BF(DS+	
  ➝	
  η’ρ+)/BF(DS+	
  ➝	
  K+K-­‐π+)	
  
And	
  use	
  BF(DS+	
  ➝	
  K+K-­‐π+)	
  as	
  a	
  reference	
  mode.

-­‐ Use	
  the	
  helicity	
  angle	
  of	
  ρ+	
  to	
  separate
DS+	
  ➝	
  η’π+π0	
  (3	
  body)	
  from	
  DS+	
  ➝	
  η’ρ+	
  (2	
  body).

‣DS+	
  ➝	
  η’ρ+	
  :	
  cos2θhelicity
‣DS+	
  ➝	
  η’π+	
  π0	
  :	
  independent	
  of	
  cosθhelicity

27
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2D	
  fit	
  :	
  MBC	
  vs	
  cosθhelicity
MBC	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  SIGNAL	
  =	
  MC-­‐based	
  shapes,	
  BKG	
  =	
  ARGUS	
  bkg	
  func>on.
cosθhelicity:	
  SIGNAL	
  =	
  MC-­‐based	
  shapes,
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  non-­‐DS	
  Background	
  =	
  the	
  shape	
  is	
  FIXed	
  based	
  on	
  sidebands	
  of	
  MBC	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (1.932<MBC<1.950	
  and	
  1.988<MBC	
  <1.997	
  GeV/c2).

28

)2 (GeV/cBCM
1.94 1.96 1.98 2

2
Ev

en
ts

 / 
2 

M
eV

/c

0

50

100

150

200

)2 (GeV/cBCM
1.94 1.96 1.98 2

2
Ev

en
ts

 / 
2 

M
eV

/c

0

50

100

150

200

+πθcos
-1 -0.5 0 0.5 1

Ev
en

ts
 / 

0.
04

0

20

40

60

80

+πθcos
-1 -0.5 0 0.5 1

Ev
en

ts
 / 

0.
04

0

20

40

60

80

total
backgrounds

+ρ’η
0π+π’η

Figure 4: Projection plots of the two dimensional unbinned fit onto MBC (left) and cosθπ+ (right). In the right plot, MBC has
been required to be within the signal region, as shown in the left plot with arrows.

are taken from the events in the MBC sidebands 1.932 < MBC < 1.950GeV/c2 and 1.988 < MBC <265

1.997GeV/c2. There is no obvious correlation between MBC and cosθπ+ , so the fit functions used for these266

two variables are directly multiplied. Figure 4 shows the projections of the two-dimensional fit results in267

data. In the projection plot of cosθπ+ , we have required 1.960 < MBC < 1.980GeV/c2. The fit yields268

yη
′ρ+

ST = 210 ± 50, and yη
′π+π0

ST = −13 ± 56, which indicates that no significant D+
s → η′π+π0 signals are269

observed. An upper limit of B(D+
s → η′π+π0) at 90% confidence level is evaluated to be 5.1%, after a270

probability scan based on 2000 separate toy MC simulations, taking into account both the statistical and271

systematic uncertainties.272

We study the MBC distributions for events in ρ+ and η′ sidebands. The ρ+ sideband region is chosen as273

M(π+π0) < 0.500GeV/c2 and η′ sidebands are 0.915 < M(η′ππη) < 0.925GeV/c2 and 0.990 < M(η′ππη) <274

1.000GeV/c2. NoD+
s signals are visible for the sideband events, further substantiating that the non-resonant275

processes D+
s → η′π+π0 and D+

s → ηπ+π−ρ+ are negligible. And the potential background contribution276

from η′ → ρ0γ has been checked by a MC study to be well under control.277

The detection efficiency εη
′ρ+

ST is estimated to be (9.80 ± 0.04)%. Combining with the results from the278

normalized mode K+K−π+, as given in Table 2, we obtain from Eq. (5) the ratio of B(D+
s → η′ρ+) relative279

to B(D+
s → K+K−π+) is 1.04 ± 0.25. Taking the most precise measurement of B(D+

s → K+K−π+) =280

(5.55±0.19)% from CLEO [12] as input, we get B(D+
s → η′ρ+) = (5.8±1.4)%.281

3.3. Systematic uncertainties282

Many systematic uncertainties are canceled out in the efficiency ratios in Eq. (4) and Eq. (5). The283

following items, summarized in Table 3, are taken into account as sources of systematic uncertainty.284

a. MDC track reconstruction efficiency. The track reconstruction efficiency is studied using the control285

sample of D+ → K−π+π+ in the data sample taken at
√
s = 3.773GeV. The difference in the track286

reconstruction efficiencies between data and MC is found to be 1.0% per charged pion and kaon. Therefore,287

2.0% is taken as the systematic uncertainty of the MDC track reconstruction efficiency for D+
s → η′X.288

b. PID efficiency. We study the PID efficiencies using the same control sample as in the track reconstruction289

efficiency study. The difference in PID efficiencies between data and MC is determined to be 1.0% per290

charged pion or kaon. Hence, 2.0% (3.0%) is taken as the systematic uncertainty of the PID efficiency291

for D+
s → η′X (D+

s → η′ρ+).292

c. π0 and η detection. The π0 reconstruction efficiency, including the photon detection efficiency, is studied293

using a control sample of D0 → K−π+π0 in the data sample taken at
√
s = 3.773GeV. After weighting294

9

DS+	
  ➝	
  η’ρ+	
  	
  	
  	
  	
  	
  =	
  210±50	
  events
DS+	
  ➝	
  η’π+	
  π0	
  =	
  -­‐13±56	
  events

ProjecCon	
  onto	
  cosθhelicity

w/	
  1.960<MB	
  <1.980	
  GeV/c2

Preli
minary
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  stat...



                       CHARM 2015   MAY/2015Hajime Muramatsu    U of Minnesota

Systema>cs

-­‐ π0	
  reconstrucCon	
  uncertainty	
  	
  is	
  esCmated	
  from	
  DT	
  D0DX0	
  ,	
  D0	
  ➝	
  K-­‐π+π0	
  in	
  each	
  p	
  bins.
The	
  disagreement	
  between	
  data/MC	
  is	
  assumed	
  to	
  be	
  the	
  same	
  for	
  η.

-­‐ BF(η’ρ)	
  error	
  is	
  dominated	
  by	
  BF(DS+	
  ➝	
  K+K-­‐π+)	
  from	
  CLEO-­‐c	
  (PRD88,	
  032009(2013)).

-­‐ Also	
  looked	
  at	
  sidebands	
  of	
  M(π+π0)	
  and	
  M(π+π-­‐η)	
  and	
  saw
no	
  yields	
  of	
  “DS+”	
  in	
  MBC.
➜	
  indicates	
  possible	
  	
  non-­‐resonant	
  processes	
  like	
  DS+	
  ➝	
  π+π-­‐ηρ+	
  is	
  negligible.

29

Table 3: Summary of systematic uncertainties in percent. The total uncertainty is the root of the squared sum of different
items.

Source B(D+
s → η′X) B(D+

s → η′ρ+)
MDC track reconstruction 2.0
PID 2.0 3.0
π0 detection 2.8
η detection 2.7 3.5
∆E requirement 1.0 1.4
M(η′ππη) requirement 2.0
M(η′ππη) backgrounds 1.5
Peaking backgrounds in ST 0.3
MBC signal shape 1.0 0.6
MBC fit range 1.7 0.5
Uncertainty of efficiency 1.6 0.5
Quoted branching fractions 1.7 3.8
Total 5.3 7.1

the systematic uncertainty in the momentum spectra of π0, 2.8% is taken as the systematic uncertainty295

for the π0 efficiency in D+
s → η′ρ+. Similarly, the systematic uncertainty for the η efficiency in D+

s →296

η′X (D+
s → η′ρ+) is determined to be 2.7% (3.5%) by assuming data-MC differences have the same297

momentum-dependent values as for π0 detection. The systematic uncertainties were set conservatively298

using the central value of the data-MC disagreements plus 1.64 standard deviations, as appropriate for a299

95% confidence level.300

d. ∆E requirement. Differences in detector resolutions between data and MC may lead to a difference301

in the efficiencies of the ∆E requirements. In our standard analysis procedure, we apply different ∆E302

requirements on data and MC, to reduce the systematic uncertainties. To be conservative, we examine303

the relative changes of the efficiencies by using the same ∆E requirements for MC as for data. We assign304

these changes, 1.0% for D+
s → η′X and 1.4% for D+

s → η′ρ+, as the systematic uncertainties on the ∆E305

requirement.306

e. M(η′ππη) requirement. In the right plot in Fig. 3, the resolution of the η′ peak in MC is different from307

in data. We take the change in efficiency of 2.0%, after using a Gaussian function to compensate this308

resolution difference, as the systematic uncertainty of the M(η′ππη) requirement for D+
s → η′ρ+.309

f. M(η′ππη) background contributions. In the measurement of B(D+
s → η′X), a two dimensional fit is310

performed to the MBC(ST) and M(η′ππη) distributions. The uncertainty due to the description of the311

M(η′ππη) background contributions is estimated by repeating the fit with higher order polynomial func-312

tions. We take the maximum relative change of 1.5% in the signal yields as the systematic uncertainty313

on M(η′ππη) background contributions.314

g. Peaking background contributions in ST. For the ST D−
s candidates, we study the potential peaking315

background contributions with the inclusive MC sample. We find that there is no peaking background316

contributions except for D−
s → π+π−π−. We consider the rate of peaking background contributions in317

the ST yields, and take 0.3% as the systematic uncertainty of peaking background contributions in the318

ST events.319

h. MBC signal shape. To estimate the uncertainty in the MBC signal shape, we perform alternative320

fits with MC-determined signal shapes with different requirements on the truth matches. We take the321

resultant changes of 1.0% and 0.6% in B(D+
s → η′X) and B(D+

s → η′ρ+) as the systematic uncertainties,322

respectively.323

i. MBC fit range. We change the fit ranges of MBC for ST modes, and take the resulting changes of 1.7%324

and 0.5% in B(D+
s → η′X) and B(D+

s → η′ρ+), as the systematic uncertainties, respectively.325

j. Uncertainty of efficiency. In the measurement of B(D+
s → η′X), we use the inclusive MC samples to326

determine εαST. For the DT efficiency εαDT = ΣβBβεαDTβ
/ΣβBβ , where εαDTβ

is obtained with MC simulated327

events of D−
s → α and D+

s → η′β, where β refers to the five most dominant channels π+,K+, ρ+, e+νe328

and µ+νµ, and Bβ is the decay rates of D+
s → η′β. We assign the world averages to the branching329

fractions of these five modes, except for B(D+
s → η′ρ+), which is taken from our measurement. The330
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Results

-­‐BF(DS+	
  ➝	
  η’	
  X)	
  =	
  	
  	
  (8.8±1.8±0.5)%,	
  consistent	
  with
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  PDG	
  	
  	
  	
  	
  	
  	
  	
  	
  =	
  (11.7±1.7±0.7)%	
  	
  within	
  ~1σ.
-­‐BF(DS+	
  ➝	
  η’ρ+)/BF(DS+	
  ➝	
  K+K-­‐π+)	
  =	
  1.04±0.25±0.07	
  or
BF(DS+	
  ➝	
  η’ρ+)	
  =	
  (5.8±1.4±0.4)%
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  PDG	
  	
  	
  	
  	
  	
  	
  	
  	
  =	
  (12.5±2.2)%	
  from	
  PDG,
confirming	
  the	
  CLEO-­‐c	
  result,
BF(DS+	
  ➝	
  η’	
  π+π0;inclusive)	
  =	
  (5.6±0.5±0.6)%	
  
(CLEO-­‐c:PRD88,032009(2013)).

-­‐Also	
  set	
  UL	
  @	
  90%CL:
BF(DS+	
  ➝	
  η’π+π0;	
  non-­‐resonant)	
  <	
  5.1%

30
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Summary

31

              

-­‐ Our	
  preliminary	
  results	
  on	
  σobs(e+e-­‐	
  ➝	
  DD?)	
  at	
  Ecm	
  =	
  3.773	
  GeV	
  
are	
  consistent	
  with	
  the	
  CLEO-­‐c	
  results.

-­‐ σobs(e+e-­‐	
  ➝	
  DD?)	
  line	
  shape	
  in	
  the	
  vicinity	
  of	
  Ecm	
  =	
  3.770	
  GeV	
  
is	
  not	
  a	
  consistent	
  with	
  a	
  single	
  BW	
  form.
Followed	
  the	
  KEDR	
  procedure	
  and	
  obtained	
  a	
  consistent	
  
result,	
  the	
  higher	
  mass	
  of	
  ψ(3770).

-­‐ Presented	
  the	
  first	
  observa>on	
  of	
  SCSD,	
  D	
  ➝	
  ωπ.

-­‐ Measured	
  BF(DS+	
  ➝	
  η’	
  X)	
  and	
  BF(DS+	
  ➝	
  η’ρ+)	
  which	
  solved	
  
the	
  self-­‐consistent	
  problem	
  within	
  the	
  PDG	
  and
confirmed	
  the	
  latest	
  CLEO-­‐c	
  measurements.
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Other	
  results	
  from

32

              

-­‐ SCDS:	
  D0	
  ➝	
  π0π0	
  (arXiv:1505.03087)

-­‐ Quantum-­‐Correlated	
  analyses:
(see	
  Onur	
  Albayrak’s	
  talk	
  at	
  this	
  workshop)

‣D0	
  ➝KSπ+π-­‐

‣	
  the	
  yCP	
  measurement

-­‐ Amplitude	
  analysis	
  in	
  D0	
  ➝	
  KSK+K-­‐	
  
(see	
  Peter	
  Weidenkaff’s	
  talk	
  at	
  this	
  workshop).

-­‐ Strong	
  phase	
  difference	
  in	
  D0	
  ➝	
  K-­‐π+	
  	
  (PLB	
  734,	
  227	
  (2014))

-­‐ Amplitude	
  analysis	
  in	
  D+	
  ➝	
  KSπ+π0



                       CHARM 2015   MAY/2015Hajime Muramatsu    U of Minnesota

Backups
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‣	
  The	
  observed	
  cross	
  sec>on,	
  σobs(W)	
  at	
  Ecm	
  =	
  W	
  is	
  given	
  by;
σobs(W)	
  =	
  ∫	
  zDD(W’,x)	
  ×	
  σborn(W’,x)	
  ×	
  FISR(W’2,x)	
  ×	
  G(W,W’)	
  dW’dx

–x	
  =	
  1	
  -­‐	
  (W’/W)2

–zDD	
  :	
  Coulomb	
  interac>on	
  (Sommerfeld-­‐Sakharov	
  factor)

–FISR(W’2,x)	
  :	
  The	
  ISR	
  radiator	
  (E.A.	
  Kuraev	
  and	
  V.S.	
  Fadin)

–G(W,W’)	
  :	
  Beam	
  energy	
  spread	
  (Gaussian)

–σborn(W’,x)	
  :	
  Born	
  level	
  cross	
  sec>on	
  of	
  DD?

‣	
  ΓDD?	
  (W)	
  =	
  (M/W)	
  ×	
  Γψ(3770)	
  ×	
  BF(ψ(3770)➝DD?)	
  ×
	
  	
  	
  	
  	
  [zD0D?0(W)·∙dD0D?0(W)+	
  zD+D-­‐(W)·∙dD+D-­‐(W)]/
	
  	
  	
  	
  	
  [zD0D?0(M)·∙dD0D?0(M)+	
  zD+D-­‐(M)·∙dD+D-­‐(M)],
	
  	
  	
  where	
  d	
  ∝ pD3	
  in	
  the	
  ψ(3770)	
  center-­‐of-­‐mass	
  system	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  the	
  Bla�-­‐Weisskopf	
  damping	
  factor.
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