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Motivation

➢An azimuthal asymmetry is predicted within the
Tranverse-Momentum-Dependent factorization theory in
the process 𝑒+𝑒− → 𝑒+𝑒−𝜋+𝜋−[1].

➢The differential cross section with respect to azimuthal
angle ϕ shows some oscillation structure.

• ϕ is the angle between 𝐏𝐓 𝛑+ + 𝐏𝐓 𝛑− and 𝐏𝐓 𝛑+ − 𝐏𝐓 𝛑− .

➢Same oscillation phenomenon should also exist in the
𝛾𝛾 → 𝑉𝑉 process.

➢The clear and simple background pollution of 𝑒+𝑒− →
𝑒+𝑒−𝜔𝜔 process is an ideal channel to study the
azimuthal asymmetry.
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Motivation

3

➢The TMD factorization theory is based on the quasireal photons emitted off 𝑒+ and 𝑒−, 
which leads to a requirement of 𝑃𝑇 𝜋+𝜋− < 0.1 GeV/𝑐.

method statistic ratio 𝑷𝑻 < 𝟎. 𝟏 ratio

double tag 0% 0%

single tag 𝑒− 1% 18%

single tag 𝑒+ 1% 20%

untag 𝑒+𝑒− 98% 80%

✓ 98% two-photon events comes from 

untag region!

✓ 80% events from untag region 

statisfy P𝑇 𝜋+𝜋− < 0.1 GeV/𝑐.

double tag: single tag 𝒆−

untag 𝒆+𝒆−single tag 𝒆+

cos 𝜃𝑒+ < 0.93
cos 𝜃𝑒− > −0.93

cos 𝜃𝑒+ > 0.93
cos 𝜃𝑒− > −0.93

cos 𝜃𝑒+ < 0.93
cos 𝜃𝑒− < −0.93

cos 𝜃𝑒+ > 0.93
cos 𝜃𝑒− < −0.93



Motivation

➢The cross section of two-photon process 𝑒+𝑒− → 𝑒+𝑒−𝜔𝜔 is studied by ARGUS[1] 
and Belle[2] experiment. Two resonant structures below charmonium threshold are 
found by Belle experiment.

➢With the large data sets collected by BESIII, the process of 𝑒+𝑒− → 𝑒+𝑒−𝜔𝜔 can be 
studied with BESIII data for the first time.

4
[1] PLB 374, 265-270 (1996) [2] PRL 108.232001(2012)

PLB 374, 265-270 (1996) PRL 108.232001(2012)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.232001


Data sets and MC sample

➢Data sets: 20.3 𝐟𝐛−𝟏 𝝍(𝟑𝟕𝟕𝟎) 

➢Signal MC: 

• 1 million MC generated by CppGamGam generator.[1]

➢Inclusive background: 

• Hadrons background generated by R-QCD group by Weiping Wang.

• /besfs5/offline/data/tauqcd/bes3gen/712/psipp/

➢Exculsive background MC:

• 1 million 𝑒+𝑒− → 𝑒+𝑒−𝜔𝜋+𝜋−𝜋0 MC generated by CppGamGam generator.
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MC truth distribution

cos 𝜃𝑒+ > 0.93: ~94%



Event selection: 𝑒+𝑒− → 𝑒+𝑒−𝜔𝜔 → 𝑒+𝑒−2(𝜋+𝜋−𝜋0)
➢ Good charged track

• 𝑉𝑟 < 1 cm, 𝑉𝑧 < 10 cm, cos 𝜃 < 0.93,𝑁𝑔𝑜𝑜𝑑 = 4

➢ PID (dE/dx+TOF)

• 𝑃𝑟𝑜𝑏(𝜋) > 𝑃𝑟𝑜𝑏(𝑝/𝐾), 𝑁(𝜋+) = 𝑁(𝜋−) = 2

➢ Vertex Fit: SUCCESS

➢ Good photons:

• cos 𝜃𝛾 < 0.8 or 0.86 < cos 𝜃𝛾 < 0.92

• 𝐸𝛾 ≥ 25 MeV (𝑏𝑎𝑟𝑟𝑒𝑙), 𝐸𝛾 ≥ 50MeV (𝑒𝑛𝑑𝑐𝑎𝑝𝑠)

• 𝐸𝑀𝐶 𝑡𝑖𝑚𝑒: 0~700 𝑛𝑠

• 𝜃 𝛾, 𝜋 > 10∘

• 𝑁𝛾 ≥ 4

➢ Good 𝝅𝟎 list: 

• 0.115 ≤ 𝑀𝛾𝛾 ≤ 0.150 GeV/𝑐2

• 𝜒1𝐶
2 < 20

• 𝐻𝑒𝑙𝑖𝑐𝑖𝑡𝑦 < 0.95

• 𝑁𝜋0 ≥ 2
• Choose the 2𝜋0 combination with minimum sum of 𝜒1𝐶

2

➢ Further requirement:
• Recoil mass > 1.5 GeV/𝑐2

• 𝑃𝑇 < 0.06 GeV/𝑐

• Number of extra 𝜋0 = 0
7

Efficiency

Absolute(%) Relative(%)

Total 1

nGood=4 46.07 46.07

PID 41.75 90.61

Vtxfit 41.36 99.05

Good Photon 19.38 46.86

Good pi0 10.78 55.61

Recoil mass 5.15 47.75

𝑃𝑇 cut 2.19 42.51

Extra 𝜋0 2.18 99.46

Hadrons

Signal

Data 



Extraction of 𝜔𝜔 signal

➢Every event has 4 pairs of 𝜔𝜔 combinations.

• 𝜋1
0𝜋1

+𝜋1
−, 𝜋2

0𝜋2
+𝜋2

−

• 𝜋1
0𝜋1

+𝜋2
−, 𝜋2

0𝜋2
+𝜋1

−

• 𝜋1
0𝜋2

+𝜋1
−, 𝜋2

0𝜋1
+𝜋2

−

• 𝜋1
0𝜋2

+𝜋2
−, 𝜋2

0𝜋1
+𝜋1

−

➢Require 𝑀𝜔1,2
−𝑚𝜔

𝑃𝐷𝐺 < 0.15 GeV/𝑐2 at least one of this four combination.

• Relative effciencicy is 99.81% for signal MC.
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Extraction of 𝜔𝜔 signal
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➢Require the oppsite 𝜔 mass within PDG mass ± 40MeV, and we can obtain the 𝑀𝜔 mass 
spectrum:

➢Sideband region has the same interval width with signal region. ⇒ scale factor = 1

➢Clear 𝜔𝜔 signals can be observed and no peaking background from hadrons background.

Signal region:

• 0.752~0.832
Sideband region: 

• 0.664~0.704
• 0.880~0.920

Hadrons

Signal

Data 



1D Fit: MC shape
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chebychev + 𝜔3𝜋-bkg shape (sideband region) signal MC shape + 3rdCheby + fixed bkg shape

3728.7±192.7

𝑴𝝎
𝒅𝒂𝒕𝒂

𝑴𝝎
𝒔𝒊𝒈𝒏𝒂𝒍 𝑴𝝎

𝝎𝟑𝝅

Here, the signal events are counted as twice.

𝑁𝑠𝑖𝑔~1864



1D Fit: MC shape

11

Bin-1 Bin-2 Bin-3 Bin-4

𝝓 = Angle(𝑃𝑇 𝜋+ + 𝑃𝑇 𝜋+ , 𝑃𝑇 𝜋+ − 𝑃𝑇 𝜋+ )

𝝓 is in the region [𝟎∘, 𝟑𝟔𝟎∘]. Every 𝟒𝟓∘ one bin, divide 𝝓 into 8 intervals.  

sideband

signal



1D Fit: MC shape
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Bin-5 Bin-6 Bin-7 Bin-8

sideband

signal

𝝓 is in the region [𝟎∘, 𝟑𝟔𝟎∘]. Every 𝟒𝟓∘ one bin, divide 𝝓 into 8 intervals.  



➢The observed signal events, efficiency curves and modulation of 𝜙 are shown below.

➢In the 𝑒+𝑒− → 𝑒+𝑒−𝜔𝜔 process, modulation of 𝜙 shows some oscillation structures.

1D fit: MC shape
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Summary and to do list

➢Summary

✓About 1860 𝒆+𝒆− → 𝒆+𝒆−𝝎𝝎 signal events are observed with untagged method at 
BESIII detector for the first time.

✓Divide 𝜙 into 8 intervals, and modulation of 𝜙 shows some oscillation structures.

➢To do list

• Try other fit methods, such as 2D fit.

• Study the statistical uncertainty caused by double counting signal events.

• Study the systematic uncertainties.

• Observe the modulation of 𝜙 in 𝑒+𝑒− → 𝑒+𝑒−𝜋+𝜋− process with untagged method.

…
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