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Introduction1
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⚫ Experimental : 

𝜃𝑖𝑗: opening angle between charged particles

(ℎ1, ℎ2): charged hadron pair

• 𝑁ℎ12: Number of observed charged hadron pairs
𝜒

𝐸ℎ1ℎ2

◆ Different measurements of the energy correlator have different definition depending on the application 

itself. A General definition of two point energy-energy correlator (EEC):

𝐸ℎ1
𝐸ℎ2

Energy-weighted two-particle 
angular correlation

Runs over all charged particle pairs 
ℎ1, ℎ2 is counted twice, (ℎ1, ℎ2), (ℎ2, ℎ1)

Energy weighted differential 
cross section

• 𝜒 = (1 − cos𝜃)/2
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1 Introduction

✓ EEC is very useful in precision tests of QCD
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1

◆Definition of single one point energy correlator (SEC)

Introduction-how about the simplest one particle?

SEC =
1

𝑠

σ𝑖
𝑁𝐸ℎ
𝑁ℎ𝑎𝑑

1

Δ𝜒

𝜒 = (1 − cos𝜃)/2

(𝜃: polar angle）

◆The SEC measurements can be interpreted as the energy flux one point function:

✓ free fermion 𝑎2 = −
3

2

✓ free boson 𝑎2 = 3
✓ Conformal collider bound:

Crossing at 0 suggest the transition from 
fermion D.O.F. to Bosonic D.O.F

No experiment has observed this phenomena before!
−
3

2
≤ 𝑎2 ≤ 3

Fermion Boson⚫ Theoretical understanding of a2

The angular distribution is sensitive to 
fundamental parameter in quantum field theory

Can we observe the 
crossing?

Diego M. Hofman and Juan Maldacena JHEP05(2008)012
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1 Introduction

Theory/phenomenology ExperimentsHadronization

FFs/EECs

EECs: Another handle to 
understand asymptotic 
freedom and confinement 
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Common Data Analysis
◆Data sample

• 𝑒+𝑒− → 𝑞ത𝑞 :  LUARLW/HYBRID 
• 𝑒+𝑒− → 𝑒+𝑒−

• 𝑒+𝑒− → 𝛾𝛾
• 𝑒+𝑒− → 𝜇+𝜇−

• 𝑒+𝑒− → 𝜏+𝜏− : KKMC
• 𝑒+𝑒− → 𝑒+𝑒− + 𝑋 (𝑋: leptons and hadrons) :  DIAG36, EKHARA, GALUGA 2.0

Babayaga 3.5

Same as R-value analysis: BAM-330 

s (GeV) Lum.(pb-1) BOSS s (GeV) Lum.(pb-1) BOSS

2.0000 10.07

665p01

2.6444 33.72
665p01

2.2000 13.70 2.9000 105.3

2.3960 66.87 3.5104 183.6 703

◆MC Simulation

2
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◆ Hadronic Event Selections are same as R-value analysis published in PRL 128, 062004 (2022)

2

◆PID selection criteria
• 𝜋: 𝑃𝑟𝑜𝑏 𝜋 > &𝑃𝑟𝑜𝑏 𝐾 &𝑃𝑟𝑜𝑏 𝜋 > 𝑃𝑟𝑜𝑏(𝑝)
• 𝐾:𝑃𝑟𝑜𝑏 𝐾 > &𝑃𝑟𝑜𝑏 𝜋 &𝑃𝑟𝑜𝑏 𝐾 > 𝑃𝑟𝑜𝑏(𝑝)
• 𝑝: 𝑃𝑟𝑜𝑏 𝑝 > &𝑃𝑟𝑜𝑏 𝜋 &𝑃𝑟𝑜𝑏 𝑝 > 𝑃𝑟𝑜𝑏(𝐾)

Combined dE/dx and TOF

Common Data Analysis
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◆Binning Scheme

✓ Resolution of 𝜒

✓ Studied by signal MC
✓ Fit the residual with a double Gaussian function
✓ Bin size is 5 times larger than the resolution

✓ Bin size of 𝜃 ~3.6°

Common Data Analysis
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✓ QED background

✓ Beam associated background 

⚫ The events with |𝑉𝑧
𝑒𝑣𝑡|∈(5, 10) cm 

are regarded as the beam-associated 

background 

◆Background Study

Common Data Analysis
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Analysis of SEC 𝑆𝐸𝐶 = 𝑓𝑐𝑜𝑟𝑟
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◆ Comparison between data and MC at 3.5104 GeV

✓ Reasonably good agreement between data and  MC 

✓ Blue: Luarlw MC
✓ Red: Hybrid MC
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◆Corrections with efficiency and ISR effects

◆𝑓𝜖 = ൘
σ𝑖 ത𝐸ℎ𝑖

obs on

ഥ𝑁had
obs on

σ𝑖 ത𝐸ℎ𝑖
tru on

ഥ𝑁had
tru on

◆𝑓𝐼𝑆𝑅 = ൘
σ𝑖 ത𝐸ℎ𝑖

tru on

ഥ𝑁had
tru on

σ𝑖 ത𝐸ℎ𝑖
tru off

ഥ𝑁had
tru off

✓ ത𝐸: energy extracted from signal MC

✓ On: with ISR returned events included

✓ Off: without contributions from ISR 
returned events

𝑓𝑐𝑜𝑟𝑟𝑒𝑐𝑡 = 1/(𝑓𝜖 × 𝑓𝐼𝑆𝑅)

Analysis of SEC 𝑆𝐸𝐶 = 𝑓𝑐𝑜𝑟𝑟
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✓ Statistical uncertainties Number of observed events  
Energy sum 

Error propagation

Weighting each event with Poisson-distribution (𝜆 = 1)

Generate 1000 group 
replicas

• For a certain bin：

𝜎 =
σ𝑖=1
𝑁 (𝑥𝑖 − ҧ𝑥)2

𝑁

• The statistical uncertainty on each bin is then defined 
as the standard deviation :

✓ Normalized energy-energy correlator with efficiency and ISR corrected

Analysis of SEC
◆ Statistical Results

Eur. Phys. J. C 77 (2017) 12, 872
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Analysis of SEC
◆ Statistical Results
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Analysis of SEC-Systematic Uncertainty

◆MC model (dominant)

✓ The difference between Luarlw MC and Hybrid MC  (2~14%)

◆Energy resolution (negligible )

|cos𝜃|~(0~0.8) |cos𝜃 |~(0.8~0.85) |cos𝜃 |~(0.85~0.9) |cos𝜃 |~(0.9~0.95)

E<0.5 GeV 0.7% 1.5% 2.0% 3.0%

E>0.5 GeV 0.5% 0.7% 1.0% 1.5%

Uncertainty in different cos𝜃 and E coverage

✓ Studied by signal MC in different (cos𝜃 vs E) bins
✓ Fit the residual with a double Gaussian function
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◆ Hadronic event selection (~1%)

◆ Mis-identification from 𝑒/𝜇/𝜋/p/K  (~2%)

✓ Estimated by signal MC:

Match method to determine h(𝜋/K/p) Apply PID cut𝑒/𝜇/𝜋/p/K → ℎ±

EEC(match) EEC(PID)

✓ The difference between EEC (match) and EEC (PID) is taken as the systematic uncertainty

Analysis of SEC-Systematic Uncertainty
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Analysis of SEC
◆ Final Results

𝑆𝐸𝐶 = 𝑓𝑐𝑜𝑟𝑟
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Analysis of SEC
◆ SEC fit with a2 A uniform χ bin width was adopted for the SEC measurement to facilitate a 

more robust fit to the 
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Analysis of SEC
◆ SEC fit with a2

How the 𝑎2 evolves in the higher energy regime?

✓ Similar analysis with the 
Pythia MC truth

✓ @ 12.0 < 𝑠 < 91.2 GeV
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Analysis of SEC
◆Extracted a2

Crossing 0 around 3 GeV!
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Analysis of inclusive hadron pair EEC
◆ Same analysis strategy as the SEC measurements  
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✓ MC simulations

✓ Background estimations

✓ Binning scheme

✓ Efficiency and ISR corrections

✓ Systematic uncertainties

Bin-by-bin analysed with the same 
method used in SEC 
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◆ Final results

Analysis of inclusive hadron pair EEC
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Summary

◆ Inclusive tagged pion EEC and Azimuthal-dependent EEC will be ready 
soon.

Thanks for your attention!

✓ The single one point energy correlator (SEC) and inclusive hadron pair 
EEC  have been studied at c.m. energies from 2.00 to 3.51 GeV at BESIII 
for the first time.

✓ EEC is another handle to study hadronization in addition to 
fragmentation functions. It is very powerful to study the fundamental 
parameters of QCD, such as 𝛼𝑠, 𝑎2.

✓ Analysis memo is ready for review: 
https://docbes3.ihep.ac.cn/DocDB/0017/001735/001/Energy_energy_
correlator_studies_at_BESIII__SEC__h_h_EEC_0908.pdf

◆ Summary

https://docbes3.ihep.ac.cn/DocDB/0017/001735/001/Energy_energy_correlator_studies_at_BESIII__SEC__h_h_EEC_0908.pdf
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