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Motivation

➢ A novel theoretical prediction [1] states that a cos(2𝜙) azimuthal asymmetry exists in the 

𝛾𝛾 → 𝜋𝜋 production process, and a similar phenomenon may also occur in 𝛾𝛾 → 𝑝 ҧ𝑝

production.

➢ BESIII has collected 41fb −1 data samples in the 𝑠 = 3.510 – 4.946 GeV.

Fig. The differential cross section of 𝑒𝑒 → 𝛾𝛾𝑒𝑒 → 𝜋𝜋𝑒𝑒 with respect to the azimuthal angle 𝜙.

[1] PHYSICAL REVIEW LETTERS 134, 141901 (2025)
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➢ MC Generation

1. cppGamGam Generator helps to obtain the momentum of final particles 𝑒+𝑒−𝑝 ҧ𝑝.

2. Simulation: TrackGen

3. Reweight 𝑀𝑝 ҧ𝑝 according to the estimated yield.

MC Generation

Decay card

Simulation
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➢ Yield Estimation of 𝛾𝛾 → 𝑝 ҧ𝑝 at 3.773GeV

𝑁𝑒𝑒→𝑝 ҧ𝑝 = න𝜎𝛾𝛾→𝑝 ҧ𝑝 𝑊𝛾𝛾 ∗ 𝐿𝑖𝑛𝑡 ∗
𝑑𝐿𝛾𝛾 𝑊𝛾𝛾, 𝐸𝑐𝑚𝑠

𝑑𝑊𝛾𝛾
𝑑𝑊𝛾𝛾

Fig. 𝜎𝛾𝛾→𝑝 ҧ𝑝 𝑊𝛾𝛾 Belle Collaboration 
Physics Letters B 621 (2005) 41–55

Fig. 
𝑑𝐿𝛾𝛾 𝑊𝛾𝛾

𝑑𝑊𝛾𝛾
calculation.

Fig. angular distribution of electron

𝑃 𝑐𝑜𝑠𝜃 > 0.92 :
0.84 for 2.0GeV
0.82 for 2.5GeV
0.81 for 3.0GeV

Untag:0.69
Single:0.28
Double:0.03
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𝑷 𝒄𝒐𝒔𝜽 > 𝟎. 𝟗𝟐 :
0.84 for 2.0GeV
0.82 for 2.5GeV
0.81 for 3.0GeV

𝑷 𝒄𝒐𝒔𝜽 > 𝟎. 𝟗𝟐 :
0.88 for 2.0GeV
0.87 for 2.5GeV
0.87 for 3.0GeV
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接收度(角度)：

ARICH: 14~30
ARICH: 18.5~39.0
TOP: 31~128
TOP: 40~140

ECL: 12.4~31.4, 32.2~128.7, 130.7~155.1
ECL: 16.4~40.8, 41.8~140.0, 141.7~161.0

KLM: 18~155
KLM: 24~161

CDC: 17~150
CDC: 22~157

BESIII: 23~157

BELLE: 22~140 (157)



Light-Hadron-Group

Angle distribution of 𝑝/ ҧ𝑝 in 𝛾𝛾 → 𝑝 ҧ𝑝

➢ Yield Estimation of 𝛾𝛾 → 𝑝 ҧ𝑝 at 3.773GeV

Fig. Differential cross section as a function of |𝑐𝑜𝑠𝜃∗|.

MC Generation
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➢ Yield Estimation of 𝛾𝛾 → 𝑝 ҧ𝑝 at 3.773GeV

Fig. Overall detection efficiency of 𝛾𝛾 → 𝑝 ҧ𝑝 as a 
function of 𝑊𝛾𝛾 and |𝑐𝑜𝑠𝜃∗|

MC Generation

Fig. 𝑊𝛾𝛾 distribution of events passing all the selection criteria.

Belle 89fb −1 at 10.58GeV; 𝑊𝛾𝛾 = 2 − 4𝐺𝑒𝑉, 36094 events
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𝑁𝑒𝑒→𝑝 ҧ𝑝 = න𝜎𝛾𝛾→𝑝 ҧ𝑝 𝑊𝛾𝛾 ∗ 𝐿𝑖𝑛𝑡 ∗
𝑑𝐿𝛾𝛾 𝑊𝛾𝛾

𝑑𝑊𝛾𝛾
𝑑𝑊𝛾𝛾

25MeV/Bin 100MeV/Bin

➢ Yield Estimation of 𝛾𝛾 → 𝑝 ҧ𝑝 at 3.773GeV

Based on the assumption that 𝛾𝛾 → 𝑝 ҧ𝑝 follows a phase space distribution.

MC Generation

𝐿𝐵𝐸𝑆 ∗
𝑑𝐿

𝑑𝑊
(𝐵𝐸𝑆) ∗ 𝜖𝐵𝐸𝑆

𝐿𝐵𝑒𝑙𝑙𝑒 ∗
𝑑𝐿

𝑑𝑊
(𝐵𝑒𝑙𝑙𝑒) ∗ 𝜖𝐵𝑒𝑙𝑙𝑒

= 4.5*5*0.2=4.5

预期：
Untag 10000 events
Stag 1000 events
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Single tag

BOSS: 712

Data set: full data sat at 3.773GeV, 20.3fb −1

IncMC sample: Hadron Hybrid; 0.25x Bhabha; 15x dimu; 1x 𝛾𝛾 → 𝑒𝑒, 𝜇𝜇, 𝜋𝜋, 𝐾𝐾, 𝜂, 𝜂′

ExcMC sample: 1.5M 𝛾𝛾 → 𝑝 ҧ𝑝

➢Data and MC samples:

➢Event selection:
• Good charged track:

𝑉𝑥𝑦 < 1𝑐𝑚, 𝑉𝑧 < 10𝑐𝑚, cos 𝜃 < 0.93

𝑁𝑔𝑜𝑜𝑑 = 3,𝑁𝑐ℎ𝑎𝑟𝑔𝑒 = ±1

• PID:

p: prob(p)>prob(𝑒, 𝜇, 𝜋, 𝐾),0.001

e: prob(e)>prob(𝜇, 𝜋, 𝐾, 𝑝),0.001 

𝑁𝑝 = 𝑁 ҧ𝑝 = 𝑁𝑒 = 1

• Vertex Fit:

Vertex fit for 𝑝 ҧ𝑝𝑒, success;

• Other:

Cos𝜃𝑚𝑖𝑠𝑠 ×sign(e)<0;
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Further Event selection
𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < 0;

Miss 系统的质量和角度：

IncMC 主要成分：𝑝 ҧ𝑝 + 𝑛 ∗ 𝜋



Kedi Hao（郝科迪） 15

𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < 0;
Further Event selection
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Further Event selection
𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < 0;

事例挑选后Bhabha事例的Mctruth： 全部Bhabha事例的Mctruth：

为什么Bhabha MC描述不了数据：只产生了接收度范围的事例
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要求 20 < 𝜃 𝑝, ҧ𝑝 < 170, 10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170

𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < 0;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;

Further Event selection
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要求 𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.92

𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.92;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;

Further Event selection
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Further Event selection
𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.92;

20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;
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𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.92;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;

Further Event selection
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𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.92;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;

Further Event selection

……
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𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.92;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;

Further Event selection
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𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.92;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;

Further Event selection
−0.05 < 𝑈𝑚𝑖𝑠𝑠 < 0.05

other
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Further Event selection
𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.99;

20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;
−0.1 < 𝑈𝑚𝑖𝑠𝑠 < 0.1要求 𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.99, −0.1 < 𝑈𝑚𝑖𝑠𝑠 < 0.1

剩余的事例数：1434
MC估计本底率：13%
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𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.99;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;
−0.1 < 𝑈𝑚𝑖𝑠𝑠 < 0.1

Further Event selection
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𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.99;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;
−0.1 < 𝑈𝑚𝑖𝑠𝑠 < 0.1

Further Event selection
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𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.99;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;
−0.1 < 𝑈𝑚𝑖𝑠𝑠 < 0.1

Further Event selection
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𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.99;
20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;
−0.1 < 𝑈𝑚𝑖𝑠𝑠 < 0.1

Further Event selection
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Efficiency

Event Rel eff (%)

total 1490000 \

𝑵𝒈𝒐𝒐𝒅 = 𝟑 113512 7.6

Pass PID 88803 78.2

Pass Vtxfit 88391 99.5

𝒄𝒐𝒔𝜽𝒎𝒊𝒔𝒔 ∗ 𝒔𝒊𝒈𝒏 𝒆 < −𝟎. 𝟗𝟗 69708 78.8

𝟐𝟎 < 𝜽 𝒑, ഥ𝒑 < 𝟏𝟕𝟎
𝟏𝟎 < 𝜽 𝒑/ഥ𝒑, 𝒆 < 𝟏𝟕𝟎

62036 89.0

−𝟎. 𝟏 < 𝑼𝒎𝒊𝒔𝒔 < 𝟎. 𝟏 59008 95.1

eff 3.96%

Cut flow 根据没有对𝑀𝑝 ҧ𝑝质量reweight的MC给出
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Untag

BOSS: 712

Data set: full data sat at 3.773GeV, 20.3fb −1

IncMC sample: Hadron Hybrid; 0.25x Bhabha; 15x dimu; 1x 𝛾𝛾 → 𝑒𝑒, 𝜇𝜇, 𝜋𝜋, 𝐾𝐾, 𝜂, 𝜂′

ExcMC sample: 1.5M 𝛾𝛾 → 𝑝 ҧ𝑝

➢Data and MC samples:

➢Event selection:
• Good charged track:

𝑉𝑥𝑦 < 1𝑐𝑚, 𝑉𝑧 < 10𝑐𝑚, cos 𝜃 < 0.93

𝑁𝑔𝑜𝑜𝑑 = 2,𝑁𝑐ℎ𝑎𝑟𝑔𝑒 = 0

• PID:

p: prob(p)>prob(𝑒, 𝜇, 𝜋, 𝐾),0.001

e: prob(e)>prob(𝜇, 𝜋, 𝐾, 𝑝),0.001 

𝑁𝑝 = 𝑁 ҧ𝑝 = 1

• Vertex Fit:

Vertex fit for 𝑝 ҧ𝑝, success;
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Further Event selection

初筛后的质量谱和特征谱：
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Further Event selection

初筛后的质量谱和特征谱：
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Further Event selection
𝑎𝑛𝑔𝑙𝑒 𝑝, ҧ𝑝 < 165

通过ppbar夹角排除Bhabha和dimu本底
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Further Event selection
𝑎𝑛𝑔𝑙𝑒 𝑝, ҧ𝑝 < 165
𝑃𝑡 𝑝 ҧ𝑝 < 0.2𝐺𝑒𝑉/𝑐

通过ppbar横动量压低本底
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Further Event selection
𝑎𝑛𝑔𝑙𝑒 𝑝, ҧ𝑝 < 165
𝑃𝑡 𝑝 ҧ𝑝 < 0.2𝐺𝑒𝑉/𝑐
𝑈𝑚𝑖𝑠𝑠 > 0.1𝐺𝑒𝑉

通过Umiss压低误鉴别和辐射ppbar本底
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Further Event selection
𝑎𝑛𝑔𝑙𝑒 𝑝, ҧ𝑝 < 165
𝑃𝑡 𝑝 ҧ𝑝 < 0.2𝐺𝑒𝑉/𝑐
𝑈𝑚𝑖𝑠𝑠 > 0.1𝐺𝑒𝑉

通过Umiss压低误鉴别和辐射ppbar本底
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Further Event selection
𝑎𝑛𝑔𝑙𝑒 𝑝, ҧ𝑝 < 165
𝑃𝑡 𝑝 ҧ𝑝 < 0.2𝐺𝑒𝑉/𝑐
𝑈𝑚𝑖𝑠𝑠 > 0.1𝐺𝑒𝑉

……
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Further Event selection
𝑎𝑛𝑔𝑙𝑒 𝑝, ҧ𝑝 < 165
𝑃𝑡 𝑝 ҧ𝑝 < 0.2𝐺𝑒𝑉/𝑐
𝑈𝑚𝑖𝑠𝑠 > 0.1𝐺𝑒𝑉
𝐸𝑚𝑐𝐸𝑠𝑢𝑚 < 2𝐺𝑒𝑉尝试通过EMC能量信息压低本底
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Further Event selection
𝑎𝑛𝑔𝑙𝑒 𝑝, ҧ𝑝 < 165
𝑃𝑡 𝑝 ҧ𝑝 < 0.05𝐺𝑒𝑉/𝑐
𝑈𝑚𝑖𝑠𝑠 > 0.5𝐺𝑒𝑉

收紧Pt和Umiss要求查看数据和MC的符合情况：
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Back Up
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Mctruth information (before selection), Ecms = 3.773GeV, Generator: cpp_gamgam + TrackGen

MCtruth information for single-tag acceptance
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Mctruth information (no selection), Ecms = 3.773GeV, Generator: cpp_gamgam + TrackGen

Mctruth information for single-tag
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Futher event selection
Cos(p4miss.theta())*ltagsign<-0.92;

20 < 𝜃 𝑝, ҧ𝑝 < 170, 
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170

还可以尝试：
1.继续收紧miss系统的角度约束
2.提升pi，e，K鉴别

Data

Data Data Data

Data

Data

SigMC
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Futher event selection
𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.99;

20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;
−0.1 < 𝑈𝑚𝑖𝑠𝑠 < 0.1

要求Vx>0.7:
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Futher event selection
𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠 ∗ 𝑠𝑖𝑔𝑛 𝑒 < −0.99;

20 < 𝜃 𝑝, ҧ𝑝 < 170;
10 < 𝜃 𝑝/ ҧ𝑝, 𝑒 < 170;
−0.1 < 𝑈𝑚𝑖𝑠𝑠 < 0.1

0.8 < |𝑐𝑜𝑠𝜃|0.6 < |𝑐𝑜𝑠𝜃| < 0.8|𝑐𝑜𝑠𝜃| < 0.6
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Mctruth information (no selection), Ecms = 3.773GeV, Generator: cpp_gamgam + TrackGen

Mctruth information
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Mctruth information (no selection), Ecms = 3.773GeV, Generator: cpp_gamgam + TrackGen

Mctruth information
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Mctruth information (no selection), Ecms = 3.773GeV, Generator: cpp_gamgam + TrackGen

Mctruth information
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Mctruth information (no selection), Ecms = 3.773GeV, Generator: cpp_gamgam + TrackGen

Mctruth information


