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In the beginning was the Word

Goal

Measure the hc(11P1) features with higher precision 
wrt Phys. Rev. Lett. 104

Measurements of branching ratios 
(ψ(2S) → π0 hc, hc → γ ηc) 

will be performed too

Previous Analysis: 106M of ψ(2S) events
This Analysis: 410M of ψ(2S) events

Strategy

Reconstruction of the hc mass 
from the π0 recoiling mass, 

throughout two decay routes 

Inclusive Decay                               Bigger sample   
ψ(2S) —> π0 hc                                Background dominated   

E1 Tagged Decay                             Purer sample   
ψ(2S) —> π0 hc, hc —> γ ηc                        Less statistics   
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Through data sets 
all analyses are made

Signal MC
● How big? 2 samples of 300k events each

● What? MC simulations of the ψ(2S) → π0 hc decay 
and the ψ(2S) → π0 hc, hc → γ ηc decay chain

Inclusive MC
● How big? 400M events (2012)

● What? MC simulation of ψ(2S) resonance with its 
and its daughters main known decay modes

Data
● How big? 

● 2012 → ~ 340M events
● 2009 → ~ 106M events

● What? Taken @ ψ(2S) resonance (on-peak)

Continuum
● How big? 44 pb-1

● What? Continuum @ 3.650 GeV (off-peak)
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Events selection in a nutshell

Charged Tracks
Vertex: Rxy < 1 cm & Rz < 10 cm

Polar angle: |cos θ| < 0.93

Momentum: p < 2.0 GeV

Photons
Isolation: ∆(Ω) > 10°

EMC Time Info: 0 ≤ t ≤ 14

Eγ (Barrel) > 25 MeV, |cos θ| < 0.80

Eγ (End Caps) > 50 MeV, 0.86 < |cos θ| < 0.92

Event
At least 2 good charged tracks

ψ(2S) → π0 hc: At least 2 good photons

hc → γ ηc: At least 3 good photons

Recoiling π0

γ in the Barrel (|cos θ| < 0.8)

Eγ > 40 MeV

120 MeV < Mγγ < 145 MeV

Inclusive
γ, from signal π0, must not belong to other π0

Mγγ invariant mass constrained to the π0

nominal one by a 1-C kinematic fit

E1 Tagged
465 MeV < Eγ Tag < 535 MeV

γE1 must not to form a π0 with any other γ

If more than one π0 is found in the signal region the 
π0 with the best 1-C fit χ2 is kept

Signal Region
3.500 GeV – 3.550 GeV
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Background Suppression
From Inclusive MC:

i. ψ(2S) → π+ π- J/ψ

ii. ψ(2S) → π0 π0 J/ψ

iii. ψ(2S) → γ χc
0

i. & ii. Studied to define vetoing windows.

iii. Not a problem, because the γ recoiling energy is 
not in the signal range (465 MeV < Eγ Tag < 535 MeV). 
However, as a sanity check, the ψ(2S) → γ χc

0 decay 
(and its subsequent χc

0 → π0 ηc ) was studied to 
search for resonant features. Nothing but a typical 
combinatorial shape was found.

ψ(2S) → π+ π- J/ψ

M(J/ψ) ± 5 MeV

ψ(2S) → π0 π0 J/ψ

M(J/ψ)+15 MeV
-45 MeV
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Efficiency Study
Tagged Channel

Signal MC Sample of 300k events

Final 
Efficiency



04 November 2019 – BESIII Italy MeetingM. Scodeggio - Inclusive Measurement of h
c
(11P

1
) in ψ(2S) decay 8

Efficiency Study
Inclusive Channel

Signal MC Sample of 300k events

Final 
Efficiency
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Resolution Study
Tagged Channel

● Signal shape:
– Sum of Gaussian (Detector Resolution) 

and Crystalball (Reconstruction) functions, 
with the tail of the Crystalball on the right 
due to recoil energy of π0

● Resolution: 2.7 MeV

● The reconstruction induced 
background (here modeled by a 1st 
order Chebychev function) is 
absorbed by the background in the 
inclusive MC/data
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Resolution Study
Inclusive Channel

● Signal shape:
– Sum of Gaussian (Detector Resolution) 

and Crystalball (Reconstruction) functions, 
with the tail of the Crystalball on the right 
due to recoil energy of π0

● Resolution: 2.7 MeV

● The reconstruction induced 
background (here modeled by a 1st 
order Chebychev function) is 
absorbed by the background in the 
inclusive MC/data
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Binned (1 bin/MeV) fit of each channel (Inclusive and Tagged), where:
● In the Tagged channel, the h

c
 mass and width, and the background parameters 

are allowed to float;
● In the Inclusive channel, the h

c
 mass and width are fixed to the values found in 

the Tagged channel, and the background parameters are obtained by blinding 
the signal and fitting the signal region extremities.

I/O data set
Inclusive MC was cleared from the h

c
 signal events. 

A 340k signal MC data set was merged with the background-only Inclusive MC.

I/O Test
Fit Procedure
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I/O Test
Tagged Channel

Features:

● Signal: Resolution function convoluted with a 
Breit-Wigner function describing the hc state

● hc features (mass and width) are left floating

● Background: 4th order Chebychev function 
with floating parameters

● Fitting Region: 3.500 GeV – 3.550 GeV
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I/O Test
Inclusive Channel

Features:

● Signal: Resolution function convoluted with a Breit-
Wigner function describing the hc state

● hc features (mass and width) are fixed to the values 
found in the Tag channel

● Background: 4th order Chebychev function with fixed 
parameters (from the [3.500 GeV - 3.520 GeV] + 
[3.530 GeV - 3.550 GeV] fit)

● Fitting Region: 3.500 GeV – 3.550 GeV
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I/O Test
Results

Good I/O 
Output features are within 2s from the input values
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Binned (1 bin/MeV) fit of each channel (Inclusive and Tagged), where:
● In the Tagged channel, the h

c
 mass and width, and the background parameters 

are allowed to float;
● In the Inclusive channel, the h

c
 mass and width are fixed to the values found in 

the Tagged channel, and the background parameters are allowed to float.

Data
Fit Procedure

The fit is performed maximizing the profile-likelihood ratio, and makes use of MIGRAD, 
HESSE (for better error estimation) and MINOS (for single parameter optimization)
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2012 Data
Tagged Channel

Features:

● Signal: Resolution function convoluted with a 
Breit-Wigner function describing the hc state

● hc features (mass and width) are left floating

● Background: 4th order Chebychev function 
with floating parameters

● Fitting Region: 3.500 GeV – 3.550 GeV
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2012 Data
Inclusive Channel

Features:

● Signal: Resolution function convoluted with a 
Breit-Wigner function describing the hc state

● hc features (mass and width) are fixed to the 
values found in the Tag channel

● Background: 4th order Chebychev function with 
floating parameters

● Fitting Region: 3.500 GeV – 3.550 GeV
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2012 Data
Results

Decay and resonance features are compatible with the 
PDG within 1.5s 
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2009 Data
Tagged Channel

Features:

● Signal: Resolution function convoluted with a 
Breit-Wigner function describing the hc state

● hc features (mass and width) are left floating

● Background: 4th order Chebychev function 
with floating parameters

● Fitting Region: 3.500 GeV – 3.550 GeV
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2009 Data
Inclusive Channel

Features:

● Signal: Resolution function convoluted with a 
Breit-Wigner function describing the hc state

● hc features (mass and width) are fixed to the 
values found in the Tag channel

● Background: 4th order Chebychev function with 
floating parameters

● Fitting Region: 3.500 GeV – 3.550 GeV
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2009 - 2012 Comparison

Decay and resonance features of the 2 data-sets are 
compatible within 1.5s 
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2009+2012 Data
Tagged Channel

Features:

● Signal: Resolution function convoluted with a 
Breit-Wigner function describing the hc state

● hc features (mass and width) are left floating

● Background: 4th order Chebychev function 
with floating parameters

● Fitting Region: 3.500 GeV – 3.550 GeV
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2009+2012 Data
Inclusive Channel

Features:

● Signal: Resolution function convoluted with a 
Breit-Wigner function describing the hc state

● hc features (mass and width) are fixed to the 
values found in the Tag channel

● Background: 4th order Chebychev function with 
floating parameters

● Fitting Region: 3.500 GeV – 3.550 GeV
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2009+212 Data
Results

Decay and resonance features of the data-sets are 
compatible within 1.5s. 

The table shows as well that the scaling of the absolute 
errors with the increase of ψ(2S) events follows the 

expected ratio 1:0.56:0.49.

2009+2012 Data
Comparative results
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Angular Distribution of the 
E1 photon

The angular distribution of the E1 photons is obtained by fitting separately the (corrected in 
efficiency) number of events in the h

c
 peak for different cos(θ) ranges, where θ is the angle 

between the E1 photon and the beam direction in the h
c
 frame.

Fit Shape: N(1+αcos2(θ)) α = 0.26 ± 0.98

Preliminary
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Systematic Errors
Bin. 

Different binning ratios were tested (ranging from 1 MeV/bin to an unbinned fit).

Fitting region. 

The boundaries of the signal region (3.500 - 3.550) were changed of 5 MeV on both sides and of 10 MeV on the lower side.

Background functional shapes. (ongoing)

Tag channel:

3rd and 5th order Chebychev

ARGUS (re-wegihted)

MC Shape re-weighted

Inclusive channel:

3rd and 5th order Chebychev

ARGUS (re-weighted)

MC Shape re-weighted

TO BE DONE:

Signal MC production. The information from the Angular Distribution will 
be used to correct the signal MC data sets. 

Photon energy calibration. 

Mass ranges for veto. Due to the wide plateau in the FoM plot for the 
background suppression, different (less strict) ranges will be tested.

π0 selection. The 2γ invariant mass will be changed by 10 MeV on both 
sides, affecting both the tag and inclusive channel.
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Conclusions

Fits on data sets are all under control and compatible 
among them

The statistical errors scale as expected

Angular distribution for the E1 photon is under study, a 
preliminary fit was performed to determine its shape

Systematic errors are under study

Next Steps

Finalize the angular distribution study

Finish to assess the systematic errors

Upload the updated Memo on Hypernews
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2012 Data
Continuum Sanity Checks

    

No resonant features

Inclusive channel Tag channel
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2009 Efficiency Study
Tagged Channel

Signal MC Sample of 300k events

Final 
Efficiency
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2009 Efficiency Study
Inclusive Channel

Signal MC Sample of 300k events

Final 
Efficiency
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Tag Channel Background Fitting Methods 
Comparison
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Tag Channel Background Fitting Methods 
Comparison
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Tag Channel Background Fitting Methods 
Comparison
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Inclusive Channel Background Fitting Methods 
Comparison
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Inclusive Channel Background Fitting Methods 
Comparison
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Tag Channel Background Fitting Methods 
Comparison

MC
Data
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2012 Data
Inclusive Channel Background Comparison

Good π0 sidebands

2012 data

Inclusive MC background

Due to these 
differences between 

MC and data bkg 
shapes: the multi-

range fit on data did 
not provide 

acceptable results 
(too far from PDG, 

without any meaningful 
reason), so...
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Angular Distribution of the 
E1 photon

2010 Memo of Inclusive measurement of hc


