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� control sample: �/� → ���+�−
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l �/� data (BOSS708):   ��(�/� → ���+�−)=(�. � ± �. �) × ��−�

l Signal MC �/� → ���+�− 
Ø 4 million with amplitude weighted according to data 
Ø BOSS version 711 (to implement the updated GEANT4)

After weight



Event Selection
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Ø Good Charged Track:
|cos�| ≤ 0.93;   |�xy| < 0.5 cm;   |�z| < 5.0 cm;   2 ≤ �charged ≤ 12;  

Ø PID: use dE/dx and TOF information
�: prob(�)>prob(�) & prob(�)>prob(K)
�: prob(�)>prob(�) & prob(�)>prob(K) 

K: prob(K)>prob(�) && prob(K)>prob(�)
�� ≥ 1 and ��+ ≥ 1 and ��− ≥ 1

Ø Vertex fit:
Loop all the ��+�− tracks, and select the 
combination with minimum ���2

Ø Recoil �:
�� = ���� − �� − ��+ − ��− with 4-mom      
before Kinematic fit

Ø Kinematic fit:
Missing 3-momentu of �, do 1C kinematic fit, 
���2  



Further selection and Background level 
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Ø Further Selection:   0.92 < �� < 0.96 GeV/c2,   ���2 < 20 , ���2 < 10.

Bkg. level：0.35%



Features of �� interaction (inclusive)
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More than 10M �  sample within acceptance

About 1M � didn’t been observed  interacted

Below 200 MeV, almost 100% �  interacted.

We focus on P(�) < 200 MeV following 

Data MC



Data/MC comparison ( �� → ��������)  
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Ø Focus on: 0-200 MeV/c

Multiplicity of the charged tracks, neutral tracks, pions 
are consistent between data and MC.

Multiplicity of proton show large difference between 
data and MC  pop out of proton from nucleon?



Data/MC comparison ( �� → ��������)  

2024/10/16 Song Hailin (USTC) 8

0-100 MeV/c

100-200 MeV/c
Ø Good consistent of the interaction vertex with respect 

of Rxy and Rz

Ø Below 100 MeV/c, all are interacted at the beam-pipe

Ø Above 100 MeV/c, some are interacted at inner MDC



Event Selection (exclusive process)

Ø Good Charged Track:
|cos�| ≤ 0.93;      2 ≤ �charged ≤ 9;  

Ø Good Photon:
�barrel ≥ 25 MeV for |cos�| < 0.80;    
�endcap ≥ 50 MeV for 0.86 < |cos�| < 0.92; 
0 ≤ ��� ≤ 700 ns;     

Decay Chain:
�� → �+�+�−�−�� or �+�+�−�−, �+�− 
�� → �+�−�−�� or �+�−�−

Ø Only use dE/dx
�: prob(�)>0.001 and  prob(�)>prob(�,  �,  �) 

  �: prob(�)>0.001 and  prob(�)>prob(�,  �,  �) 
�: prob(�)>0.001 and  prob(�)>prob(�,  �,  �) 

Ø Vertex fit:
A vertex fit is performed and �2 < 200

�:  prob(�)>0.001 and  prob(�)>prob(�,  �,  �)
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Ø �0 Reconstruction:
Slect the photon pair with invariant mass 
closest to �0

Ø Further Selection:
2.2 < �xy < 8.2 cm， |�z| < 10 cm
0.10 < ��� < 0.16  GeV/c2 for one �0;   ��� < 0.05  GeV/c2 for no �0.



�� → �+�−�− 
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Ø No Fermi energy or � momentum considered for �� system now
Ø Clear peaks observed at E(�+�−�−)=1.877 GeV and M(�+�−�−)=1.877 GeV，which come from 

�� → �+�−�−  , with worse resolution for MC than data
Ø Besides, both data and MC are not peaked at E(�+�−�− − ��)=0, but shifted to the left, with slightly 

difference 



�� → �+�−�− 
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Data MC

Ø In MC, indeed, no Fermi energy or � momentum are considered in �� interaction, P(�+�−�−)~�
Ø However, in data, both Fermi energy and � momentum will contribute a non-zero momentum to �� 

interaction

Inconsistence in the momentum of P(�+�−�−)



�� → �+�−�−�� 
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Ø Clear � signal observed in data while no such structure considered in MC 

Data MC

Inconsistence in the amplitude in 3pi mass spectrum



�� → �+�− 
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Data MC

Ø Clear �� → �+�− signal but not significantly in MC

Inconsistence in the production rate between data and MC



Reconstructed events (preliminary)
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Process 0<P<0.2 GeV/c   
Data                           MC           

    P>0.2 GeV/c  
Data                          MC

�� → �+�−�−  774 (10.1%)           209 (9.2%)          751 (11.2%)               134 (7.2%) 

�� → �+�−�−��   3361 (43.7%)          825 (36.2%) 2049 (30.5%)             796 (42.6%)

�� → �+�− 78 (1.0%)                4 (0.2%) 146 (2.2%)                 15 (0.8%)

�� → �+�−�� 1529 (19.9%)          270 (11.9%) 1299(19.3%)              264 (14.1%)

�� → �+�+�−�− 833 (10.8%)           409 (18.0%) 1035 (15.4%)             246 (13.2%)

�� → �+�+�−�−�� 1117 (14.5%)           561 (24.6%) 1447 (21.5%)             415 (22.2%)

l Production rates of different channels. Differences between data and MC



Conclusion
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l Overall, the simulation of antiproton interactions is considered to 
be good. By analyzing the inclusive and exclusive distributions, 
some differences have been found:
Ø Multiplicity of proton show large difference between data 

and MC.
Ø Inconsistence in the momentum of final states between data 

and MC.
Ø Inconsistence in the amplitude in 3pi mass spectrum.
Ø Inconsistence in the production rate between data and MC.

Nuclear Physics A 925 (2014) 141–149



Back Up: 
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l �� → ��������l �� → ��������



Back Up: From ZZL’s Memo
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�� → �+�−�−

�� → �+�−�−��

�� → �+�−�−����



�� → �+�−�−�� 
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Ø Clear � signal observed in data, also in MC? 

Inconsistence in the amplitude in 2pi mass spectrum



Back Up: Rxy and Rz from Vertexfit
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0-100 MeV/c 100-200 MeV/c

200-250 MeV/c 250-300 MeV/c

300-400 MeV/c 400-500 MeV/c



Back Up: Vertexfit for one track 
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Ø When fitting with only one charged track in the vertex fit, it seems that rxy directly 
comes from the POCA point before fitting. 

Ø The chisq value has not been set with a protection value, but the output appears to be 
normal.



Back Up: MC Truth From G4 
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Back Up: MC Truth From G4 
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Back Up: only weight � 
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Back Up: only weight � and � 
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Back Up: Study of �+
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l Select the �+ with the 
highest energy for at least 
one �+ event.

Data MC



Back Up: Study of �+
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Data MC



Back Up: Features of �� interaction (inclusive)
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More than 10M �  sample within acceptance

About 1M � didn’t been observed  interacted

Below 200 MeV, almost 100% �  interacted.

We focus on P(�) < 200 MeV following 

Abnormal increasing interaction ratio with P(�) >1GeV

Data MC



Back Up: Abnormal increasing interaction ratio   

2024/10/16 Song Hailin (USTC) 28

�
�

<0.5 GeV

0.5-1.0 GeV

>1.0 GeV l Just use dedx info for PID, 
when �(�) > 1 GeV/c, more 
antiproton will be 
misidentified to be electron.

MC Data

>1.0 GeV



Back Up: Abnormal increasing interaction ratio   

2024/10/16 Song Hailin (USTC) 29

�
�

<0.8 GeV

0.8-1.0 GeV

>1.0 GeV

MC Data


