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Intro / Motivation
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Intro / Motivation
• In  final states have interference between  and  decays to 


• Difficult to separate  and  components in general


• Off resonance though we have much less  contribution


• Idea: Look off resonance and try to fit  and  pieces to count 


• In  final state have very clear signal for 


• Then, in this way we should be able to measure the ratio of branching fractions:


π+π−π0 ρ ω π+π−

ρ ω

ρ

ρ ω Nω→π+π−

π+π−π0π0 ω → π+π−π0

ℬ(ω → π+π−)
ℬ(ω → π+π−π0)



NEW Datasets

Year E_CM [MeV]

2010/2011 3770 2931.8

2022 3770 4995

2016 4180 3189.0

2017 4190 - 4280 
(2017 XYZ) 3859.6

2019 4130-4440 3912.2

ℒ[pb−1]



General Event Selection
• In the  final state, we perform a 6C kinematic fit; that is, a 4C fit to the 

initial and final state four-momentum, and two 1C fits to the masses of the 


• In the  final state, we similarly perform a 5C kinematic fit, as there is now 
only a single 1C fit to the  mass 


• In both cases, we select charged tracks within 10 cm of the interaction point in 
the beam direction, and within 1 cm in the perpendicular plane


• Photon candidates from the barrel ( ) are required to have 
 MeV, while endcap photons ( ) are required to 

have  MeV


• Lastly, photon candidates are required to have  ns

π+π−π0π0

π0

π+π−π0

π0

|cos(θ) | < 0.8
E > 25 0.86 < |cos(θ) | < 0.92

E > 50

0 < tshower < 700



Ratio Determination

• From our fits, we can measure the ratio of branching fractions as follows:





• Here, the number of observed  in each case is taken from the fit to the data, 
and the detection efficiency is obtained from the fit to the signal MC divided by 
the number of generated events


ℬ(ω → π+π−)
ℬ(ω → π+π−π0)

=
Nω→π+π−

ϵω→π+π−

ϵω→π+π−π0ℬ(π0 → γγ)
Nω→π+π−π0

ω



 cutsω → π+π−π0

• For  events we have a very clean signal, and so the only cut made is on the 
/DOF from the kinematic fit


• Plots are (left to right) from 3770 MeV, 4180 MeV, combined 2017 XYZ data, and combined 
2019 XYZ data; data points are from data, and the histogram is from SIGMC, both selecting 
the  signal region 


• For each dataset in both data and MC we require /DOF < 5.0
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Fitting : Easy Partω → π+π−π0

• To count  events we use a cutting and counting method; a 
polynomial is fit everywhere except the  signal region (0.725,0.825) GeV, and I 
count events using a sideband subtraction method


• Plots are (left to right) from 3770 MeV, 4180 MeV, and combined 2017 XYZ data; 
data points are from data, and the histogram is from SIGMC
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 cuts: ω → π+π− χ2

• For  events we also make a cut on the /DOF from the kinematic fit


• Plots are (left to right) from 3770 MeV, 4180 MeV, combined 2017 XYZ data, and combined 
2019 XYZ data; data points are from data, and the histogram is from SIGMC, selecting the 

 signal region 


• For each dataset in both data and MC we require /DOF < 5.0
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 cuts: ω → π+π− Eγ
• After the  cut, there is some remaining background from a low-energy photon from the  

decay


• Plots are (left to right) from 3770 MeV, 4180 MeV, combined 2017 XYZ data, and combined 
2019 XYZ data; data points are from data, and the histogram is from SIGMC, selecting the 

 signal region, showing the energy of this photon 


• For each dataset in both data and MC we require > 0.2
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• 2D plots of E/P for the two charged tracks from 3770 MeV data (same cut applied 
to each dataset)


• Left To Right: First two cuts and all masses, First two cuts + omega signal region, 
including new E/P cut


• For each track, require: 0.05 < E/P < 0.8

 cuts: ω → π+π− E/P
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Fitting ω → π+π−

• Final mass distributions after all cuts for (left to right) 3770 MeV, 4180 MeV, and 
XYZ dataset; datapoints are from data, and histogram from SIGMC tagging the 



• To fit the  mass spectrum, need to separate  and  components

ω
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Efficiency Check
• In the following fits, we make use of the  [mass( )] shape in data


• This shape is either used directly in the fits, or in a simultaneous fit to the 
charged and neutral channels


• In addition to the shape, we can use the  to also constrain the size of the 


• If the efficiency of each of the three ’s is sufficiently flat as a function of  
mass, we can use it for the size constraint


• That is, we measure and use the difference in efficiency between the charged 
and neutral channels to constrain the sizes of the charged and neutral shape, 
with one overall size parameter


• The following slide shows that these efficiencies are sufficiently flat for this 
purpose

ρ+/− π+/−π0

ρ+/− ρ0

ρ ππ



Efficiency as function of mass ( , , )ρ0 ρ+ ρ−
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First Fits: using charged  histogramρ
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•  shape (green) taken from  mass in data;  Breit-Wigner phase attached, size 
constrained based on efficiency difference of charged and neutral 


•  shape taken from signal MC of ;  Breit-Wigner phase attached, size 
parameter free; relative phase between the two shapes free


• Total fit shape shown in red

ρ ρ+/− ρ
ρ

ω ω → π+π− ω



Likelihood Scans of Relative Phase
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Min  degϕ = 280 Min  degϕ = 275 Min  degϕ = 273 Min  degϕ = 285



Results
ℬ(ω → π+π−)

ℬ(ω → π+π−π0)
(×10−3)



Second Fits: Breit-Wigner ρ
• Simultaneous fits to charged and neutral  channels


• Charged channel ( ) fitted with Breit-Wigner + polynomial


• Neutral channel constrained to have same mass and width, and sizes constrained 
by efficiencies of the two channels; and the polynomial shape is constrained to be 
the same for background under the ’s


• In neutral channel, the  shape interferes with the  shape with a free relative 
phase


• Fits to both channels shown in following slide


• Green= , Purple= , Blue=Full  amplitude (including interference), 
Yellow=Polynomial, and the total fit is shown in red

ππ

π+/−π0

ρ

ρ ω

ρ ω ρ + ω



BW , polynomial for backgroundρ

3770 4180 2017 XYZ 2019 XYZ
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Third Fits: Gounaris-Sakurai ρ
• Simultaneous fit to charged and neutral channels in the same manner as previous 

slide


• Parameters constrained as before; Now,  shape is from Gounaris-Sakurai (below)


• Green= , Purple= , Blue=Full  amplitude (including interference), 
Yellow=Polynomial, and the total fit is shown in red

ρ

ρ ω ρ + ω



Wider Fits, GS, polynomial
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BW , no polynomialρ
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GS , NO polynomialρ
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Cross Sections
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Next Steps
• Have run over more data 

(from XYZ datasets) to 
include in analysis


• Will now start grouping 
datasets based on  
instead of years


• Plan to measure ratio at 
different  ranges, as 
well as relative phase 


• Should help determine 
whether interference is 
really different as a 
function of 

ECM

ECM

ECM



BACKUP



Ideas?
• Have 3pi phase space MC; maybe use that shape as background 


• Talked about simultaneous/global fit to different datasets constraining BF ratio, 
seems difficult 


• BUT: maybe add additional scaling parameter in fits (like with the rho 
efficiencies) which scales based on  and/or luminosities for 
particular datasets


• Have not performed fits to total dataset (including new 2019 XYZ points) yet


• 2019 XYZ samples all seemed too low statistics to use individually, but maybe 
useful to try

σ(e+e− → ωπ0)



Datasets

Year E_CM [MeV]

2010/2011 3770 2931.8

2022 3770 4995

2016 4180 3189.0

2017 4190 - 4280 
(XYZ) 3859.6

ℒ[pb−1]



Fits: First Iteration
• Performing simultaneous fit to charged ( ) and neutral channels, constraining 

mass and width of the 


• Rho modeled by Gounaris Sakurai shape (green), Mass and width constrained by 
charged rho’s; omega shape taken from signal MC (purple)

ρ+/ρ−

ρ
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 Resultsℬ(ω → π+π−)/ℬ(ω → π+π−π0)
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Second Fits: Breit-Wigner ρ
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Third Fits: Gounaris Sakurai , size constrainedρ
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Fourth Fits: Breit-Wigner , size constrainedρ



Fifth Fits:  shape from dataρ
• Now using histogram shape of charged  from data, constraining size of neutral  

in fits using efficiencies as in last simultaneous fits


•  shape again taken from signal MC, amplitudes have appropriate Breit-Wigner 
phases attached and are able to interfere with a free relative phase between the two

ρ ρ

ω
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Fitting : Gounaris Sakuraiω → π+π−

• To fit the  mass spectrum, I now use a more sophisticated amplitude given 
by the Gounaris-Sakurai formula:


π+π−


