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• The e+e− annihilation to neutron-antineutron pairs depends on two factors: electric GE and magnetic 
GM, which also can describe the neutron’s internal structure.

A testing ground for the understanding of QCD at low momentum transfer �2
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 Data: Boss 7.1.3
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Previous work
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2 ;  ��ℎ = 2��~2*939.565 = 1879.138 MeV

Enom(MeV) Lumi.(pb-1) Ecor(MeV)

1840 1.502 1844.138 ± 0.083

1870 2.003 1874.137 ± 0.084

1872 2.014 1876.035 ± 0.079

1874 2.019 1878.002 ± 0.084

1875 1.485 1879.139 ± 0.099

1876 2.035 1880.073 ± 0.080

1877 1.341 1880.925 ± 0.101

1878 2.021 1882.185 ± 0.089

1882 2.033 1886.032 ± 0.081

1886 2.031 1890.160 ± 0.083

1900 2.022 1903.824 ± 0.080

1940 2.040 1943.686 ± 0.088

1970 2.229 1973.483 ± 0.092

  Motivation
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 Decay channel:
e+e− → nn
nN→angthing

Data and MC samples
• Data:

1 billion J/� data collected in 2012 (EMC)
10 billion J � data collected in 2009-2019 
(MDC and pipe)

• MC Sample:
 1 billion J/� inclusive MC (EMC)
 PHSP MC (EMC)

10 billion J � inclusive MC (MDC and pipe)
DIY MC based on PWA

n
n

EMC

[1]
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 Charged Track
•  cos� < 0.93;  Vxy < 0.5 cm;  Vz < 5 cm; 
• QCharge=0 && nGoodCharge=2

 PID: use tof and dE/dx info
• prob > 0.001 & highest prob
• Np ≥ 1 & N�− ≥ 1

 Vertex Fit:
• Loop all the p, �− tracks, and select the 

combination with minimum �vertex fit
2

• IPVxy<1 cm; IPVz<5 cm
• �vertex fit

2 < 5

 Addtional track:
• No requirement for Vxy、Vz
• nremaintrack = 0

 Recoil n:
• Pn = PJ/� − Pp − P�−

• 0.92 GeV < Mp�−recoil < 0.96 GeV

 EMC
• Time： 0,  700  ns 
• Barrel：En > 25 MeV ( cos� < 0.80)
• Endcap：En > 50 MeV(0.86 <  cos� < 0.92)
• nGoodShw >0
• �recoil_leadingshw < 300

 Boss Version: 708

9.33%
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Nsig: 37711 

Control Sample of  � from �/� → ���− 

 Background Rate 
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 Charged Track
•  cos� < 0.93;  Vxy < 0.5 cm;  Vz < 5 cm; 
• QCharge=0 && nGoodCharge=4

 PID: use tof and dE/dx info
• prob>0.001 & highest prob
• Np ≥ 1 & N�− ≥ 2 &N�+ ≥ 1

 Vertex Fit:
• Loop all the p, �−、�−、�+ tracks, and 

select the combination with minimum 
�vertex fit

2

•  IPVxy<1 cm; IPVz<5 cm
• �vertex fit

2 < 5

 Addtional track:
• No requirement for Vxy、Vz
• nremaintrack = 0

Control Sample of �  from �/� → ���−�+�−

 Recoil n:
• Pn = PJ/� − Pp − P�− − P�− − P�+

• 0.92 GeV < Mp�−�+�−
recoil < 0.96 GeV

 EMC
• Time： 0,  700  ns 
• Barrel：En > 25 MeV ( cos� < 0.80)
• Endcap：En > 50 MeV(0.86 <  cos� < 0.92)
• nGoodShw >0; �recoil_leadingshw < 300

Nsig: 43866 



第 10 页

Comparison of n properties 

0< pn <100 MeV 100< pn < 200 MeV
 Comparing n with �/� → ���− and �/� → ���−�+�−

Almost identical !
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Comparison of n properties 

200 < pn < 300 MeV 300< pn <400 MeV

Almost identical ! Consider combining �/� → ���− and �/� → ���−�+�− as control sample.

 Comparing n with �/� → ���− and �/� → ���−�+�−
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Reaction rate in EMC 

            J/� → pn�−

  Nall:
• QCharge=0 & nGoodCharge=2
• Np ≥ 1 & N�− ≥ 1
• �vertex fit

2 < 5
• 0.92 GeV < Mp�−recoil < 0.96 GeV

  Ncut: 
• nremaintrack = 0
• nGam > 0
• �recoil_leadingshw < 300

 Reaction Rate = Ncut/Nall

MDC&beam pipe

MDC outer wall

EMC J/� → pn�−�+�−

Nall:  
• QCharge=0 & nGoodCharge=4
• Np ≥ 1 & N�− ≥ 2 & N�+ ≥ 1 
• �vertex fit

2 < 5
• 0.92 GeV < Mp�−�+�−

recoil < 0.96 GeV

Ncut: 
• nremaintrack = 0
• nGam > 0
• �recoil_leadingshw < 300
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Reaction rate in EMC 

J/� → pn�−

J/� → pn�−�+�−

_x001A_�푐��(
MeV) Lumi.(pb-1) Estimated results

(from pn�−)
Estimated results

(from pn�−�+�−)

1879.139 ± 0.099 1.485 - -

1880.073 ± 0.080 2.035 372 416

1880.925 ± 0.101 1.341 245 274

1882.185 ± 0.089 2.021 482 443

1886.032 ± 0.081 2.033 485 446

1890.160 ± 0.083 2.031 510 475

1903.824 ± 0.080 2.022 503 472

1943.686 ± 0.088 2.040 506 496

1973.483 ± 0.092 2.229 553 545
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 Charged Track
• �� < 0.5cm, Vz < 5cm
•  �푐 ≥ 2;   cos� < 0.93

 PID: use tof and dE/dx info
• Prob> 0.001 highest prob
• �� ≥ 1, ��− ≥ 1

 Additional Charged tracks:
• 0.5 < �� < 10cm, Vz < 30cm
•  cos� < 0.93

 VertexFit for �, �−

• �푣�
2 < 5

 VertexFit for all additional tracks
• ��−��푐��� < 10∘

Further Selection:
Signal region: 0.9 < Mrecoil < 0.985GeV

Control Sample of  � from �/� → ���− 

�� < 5,  �� < 10   (select � interact with BP)

5.8 < �� < 7,  �� < 30   (select � interact with MDC inner wall)
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 reaction rate = Nreact
Nrecoil

•  Nreact: at least 2 additional tracks
•  Nrecoil: recoiled � candidates64200

Control Sample of  � from �/� → ���− 

• �� < 5,  �� < 10   (select � interact with BP)

Ecor(GeV) 1.880 1.881 1.882 1.886 1.890 1.904 1.944 1.974

nEvent 4 3 4 4 5 5 5 5
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47.8K

Control Sample of  � from �/� → ���− 

• 5.8 < �� < 7,  �� < 30   (select � interact with MDC inner wall)

Ecor(GeV) 1.880 1.881 1.882 1.886 1.890 1.904 1.944 1.974

nEvent 3 2 3 3 4 4 4 4
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 Charged Track
• �� < 0.5cm, Vz < 5cm
•  Nc ≥ 4;   cos� < 0.93

 PID: include tof and dE/dx info
• Prob> 0.001 highest prob
• �� ≥ 1, ��− ≥ 2, ��+ ≥ 1

 Additional Charged tracks:
• 0.5 < �� < 10cm, Vz < 30cm
•  cos� < 0.93

 VertexFit for �, �+, �−, �−

• �푣�
2 < 5

 VertexFit for all additional tracks
• ��−��푐��� < 10∘

 Signal region:
•  0.92 < �recoil < 0.96GeV

 Control Sample of  � ���� �/� → ���−�+�−

• �� < 5,  �� < 10   (select � interact with BP)

30.2k

• 5.8 < �� < 7,  �� < 30   (select � interact with MDC inner wall)

24.2k
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Summary and To do list

• The reaction rate in MDC and BP is very low, and it is difficult to use this part to reconstruct 

antineutrons. Our focus is currently on finding the signal process on EMC.

• Currently in progress: Event selection.
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Data vs MC of �/� → ���− in 0~200 MeV 
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Data vs MC of �/� → ���− in 200~400 MeV 
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Data vs MC of �/� → ���−�+�− in 0~200 MeV
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Data vs MC of �/� → ���−�+�− in 200~400 MeV
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�/� → ���−�+�−       
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�/� → ���−�+�−       

Two final particles merge: 
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�/� → ���−�+�−       
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�/� → ���−�+�−       



第 29 页

�/� → ���−�+�−       
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�/� → ���−�+�−       
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Ener gy points vs  n Momentum

�� = �
2

4 − ��
2

��ℎ = 2��~2*939.565 = 1879.138 MeV

Enom(MeV) Lumi.(pb-1) Run No. Ecor(MeV)

1840 1.502 81849-81970 1844.138 ± 0.083

1870 2.003 81971-82104 1874.137 ± 0.084

1872 2.014 82543-82656 1876.035 ± 0.079

1874 2.019 82657-82783 1878.002 ± 0.084

1875 1.485 82835-82909 1879.139 ± 0.099

1876 2.035 82105-82203 1880.073 ± 0.080

1877 1.341 82784-82834 1880.925 ± 0.101

1878 2.021 82204-82261 1882.185 ± 0.089

1882 2.033 82262-82310 1886.032 ± 0.081

1886 2.031 82311-82358 1890.160 ± 0.083

1900 2.022 82359-82404 1903.824 ± 0.080

1940 2.040 82405-82462 1943.686 ± 0.088

1970 2.229 82463-82530 1973.483 ± 0.092

 Data: Boss 7.1.3
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Purity of �/� → ���−�+�−

sig: 55324/64904 = 85.23%
bkg: 89/170=52.35%
bkg rate ↓

all sig: 553240


