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Introduction

• BABAR, Belle, CLEO-c have measured the
cross section of e+e- àDs

+Ds
*- before, but

the	precision	is	not	enough.

Cleo-c, observed cross seciton
PRD 80,072001	 (2009)

BABAR, bin width=100MeV
ISR method.
PRD82, 052004	(2010)

Belle, bin width=40MeV
ISR method.
PRD 83,011101(R)	 (2011)
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Introduction

• There are abounded𝜓 and Y states between 4.0 and 4.6GeV, the cross
section of their decay width to the open charm process is important to
distinguish their property.

arXiv:	hep-ph/0412057
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Event	Selection

• The strategy is tag one Ds and one photon, miss the other Ds

• Reconstruct Ds+ with BesDChain
ØDs+= K+list * K-list * 𝜋+list, all combinations kept
Ø|m(Ds+)-m(Ds_PDG)|<85 MeV
• Reconstruct one 𝛾
• 3C Kinematic Fit to all combinations of (K+K-π+ & 𝛾 & missing Ds-), with 

both K+K-π+ and missing Ds fixed to Ds’ PDG mass.
• The combination with minimum χ2(3C) is chosen as  nominate combination

and χ2(3C) <30 is required.
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Signal	channel	MC

• There	are	two	cases	for	signal	channel,	depending	on	which	Ds	is	tagged

This	two	Ds*		decay	modes	are	also	included
In	signal	MC	
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Comparison	between	Data	and	signal	MC

e+e- àDs
+Ds

*- is generated with
HelAmp
DsàKK𝜋 mode	is	generated	with
D_DALITZ

We	can	see	the	invariant	mass	
And	angular	distribution	 agree	
very	well	between	data		and	MC.
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χ2(3C) optimization

• χ2(3C) is optimized using the inclusive MC @4.18GeV

χ2(3C)<30 is used
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where	to	get	the	signal	event	number

For	case	1:	we	only	count	the	signal	event	
number	on	M(γDs(miss))

For	case	2:	we	only	count	the	signal	event	
number	on	M(γDs(tag))
Then we can avoid the double double counting
on the brown area.
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How	to	get	the	cross	section

Case1:

Case2:

Combine:

We’ll	only	 show	the	combined	 result	in	the	following	 analysis 9



Counting	method	to	get	the	signal	event	number

4180	MC 4180	Real	Data

The	event	number	 in	signal	range	[2.10,	2.124]	GeV is	Ns.
The	event	number	 in	sideband	range	is	[2.078,	2.09]	&	[2.134,	2.146]	GeV is	Nb.

The	signal	event	number	Nsig=	Ns-Nb.
The	event	number	 in	most	energy	points	is	large	enough,	 	𝜎(Nsig)= 𝑁𝑠 + 𝑁𝑏
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No	bias	for	the	signal	peak	position

The	dots	are	realdata,
The	red	histogram	is	signal	MC	shape.	
We	can	see	the	peak	position	are	almost	same	for	data	and	MC.
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Background	analysis

• 1.	No	peaking	background	from		other	Ds	decay	mode.
• 8	Million	e+e- àDs

+Ds
*- with Ds decay to anything but K+K-π+ mode are 

generated. 
This	peak	comes	from

Exclude	f2(1270)
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Background	analysis	with	inclusive	MC@4180
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Background	analysis	with	inclusive	MC@4180

e+e- àDs
+Ds

*-

About	5	times	of	luminosity
@4180

The	sum	of	all	the	inclusive	
Background	events,	5times	of
luminosity@4180

The	background	 is	generally	flat

Comparison	between	data	and
The	inclusive	MC.	

Agreement	 is	good.
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Background	analysis	for	exclusive	channels

• Although	the	inclusive	background	is	generally	flat,	some	exclusive	channels	
have	non-flat	distribution	at	some	energy	points.

ØThe	first	channel	is	e+e- àDs
+Ds

*- , Ds
*-à𝜋)𝐷+,

4180 4260 4600

When	the	Ds
+ is	tagged,	 	we	can	see	M(γDs(miss)) will form a Ds* signal peak, that’s why we include the

Ds
*-à𝜋)𝐷+, into signal MC. 

Case	1:
e+e- àDs

+Ds
*- , 

Ds
*-à𝜋)𝐷+,

Ds
+ is tagged
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Background	caused	by	e+e- àDs
+Ds

*- , Ds
*-à𝜋)𝐷+,

Case	2:
e+e- àDs

+Ds
*- , 

Ds
*-à𝜋)𝐷+,

Ds
- is tagged

For	case	2	MC,	the	blue	line	which	is	M(γDs(miss)) is not counted in getting signal MC but will be counted in data,
This	will	cause	some	bias	to	the	efficiency.	

Since	the	fraction	of	Ds
*-à𝜋)𝐷+, is		only	5.8%	and	the	selection	efficiency	is	much	lower	compere	with	Ds

*-àγ𝐷+,.
largest	bias	occurs	at	4180	which	is	0.34%.

4180 4260 4600
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Background	caused	by	e+e- àDs
*+Ds

*-

From	the	preliminary	cross	section,	we	can	see	around	4.26GeV,	the	cross	section	of	e+e- àDs
+Ds

*- almost vanish.
While		e+e- àDs

*+Ds
*- arrive at the peak. 
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Background	caused	by	e+e- àDs
*+Ds

*-

4260	MC 4600	MC

4260
4600

We	can	see	at	4260,	the	influence	of	
Ds*Ds*	background	 is	significant,	
Causing	bias	about	17%.

At	other	energy	points	where	DsDs*	
and	Ds*Ds*	has		comparable	cross	section,
The	bias	is	about	0.3%.

But	what	we	care	should	 be	the	combined	
Contribution	 of	all	the	background.

We	can’t	generate	inclusive	MC	at	all	energy
Points.	So	we	can	only check	this	with	
realdata.

Normalized	according	cross	section
To	compare	with	data
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M(γDs) @XYZ data points

At	most	of	the	energy	points	the	signal	event	number	is
Large	enough	and	the	background	is	flat.
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M(γDs) @R-scan data points (part)
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Interpolate	for	R-scan	data

• We only generate MC samples at XYZ data points.
• We didn’t generate MC samples for R-scan data, the needed ISR correction factor, 

efficiency, and vacuum polarization factor are gotten by Cubic Spline Interpolation.
Besides the XYZ data points, we also generate MC at 4.09, 4.14, 4.315, 4.340GeV as 
reference nodes to reduce the distance between adjacent nodes. 
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The	cross	section	for	XYZ	data

The	cross	seciton for
R-scan	data	can	be	
Found	in	backup	slides

With	statistical	uncertainty
only
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The	Born	cross	section	for	e+e- àDs
+Ds

*-

A	very	preliminary	 fit	to	the	cross	section	with	coherent sum of 5	Breit-Wigner.	
𝜓 4040 and	Y(4660)	are	fixed	to	PDG	mass	and	width.	Parameters	of	the	other	3	are	free	in	the	fit.
M1=4160.3±1.8	MeV,	Γ1=94.7±2.3	MeV
M2=4225.0±0.6	MeV,	Γ2=49.2±1.3	MeV
M3=4369.2±2.7	MeV,	Γ3=146.7±5.9	MeV
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Other	Ds	decay	mode?

𝐷+6 → 𝐾6𝐾+) has	about	25%	statistical	of	the	DsàKK𝜋

Combining	 the	two	channels	would	reduce	the	relative
uncertainty	by	~10%.
Currently,	we	didn’t	 consider	 this	mode

Blue: with	single	DsàKK𝜋

Red:	expected	result	with	two
modes	combined	 	
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Real data for r-scan data for 𝐷+6 → 𝐾6𝐾+)



𝐷+6 → 𝐾+)𝐾,𝜋6𝜋6

Blue:	with	single	DsàKK𝜋

Red:	expected	result	with	two
modes	combined	 	

The	statistical	is	too	low,	background	 is	too	high.	
Including	 this	mode		don’t	 have	significant	 improvement
To	the	uncertainty
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Real data for r-scan data



Summary

• We	have	finished	the	event	selection	and	background	analysis,	and	get	the	
preliminary	cross	section.			
• Next	to	do
ØSystematic	uncertainty
• Kinematic	fit	uncertainty
• Non-flat	background(try	use	fitting	instead	of	counting?)

ØInclude	new	XYZ	data	taken@2019
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The	born	cross	section	@	R-scan	data
Ecms crosssection uncertainty
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Arxiv:1711.07311	
	
Derived	born	cross	section	from	CLEO-c	measurement.	
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Ds Ds*

𝛾 Ds

Y


