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Why study the annihilation of p̅ and n̅  
with nucleons and nuclei   

 

            

• The advent of FAIR at Darmstadt and Antiproton Decelerator 

    at CERN will make p̅ available for antimatter studies 

• Annihilation of antimatter with matter is a part of the  

     interaction between matter and antimatter  

• The physics of the annihilation contains many  

      interesting aspects of nuclear reaction theory 

 



Pomeranchuk Prediction : σann(p̅p) = σann(p̅n) at high energies 

Because of the conservation of isospin 

1.  σelastic(p̅p) = σelastic(p̅n)  

2.  σtot(p̅p) = σtot(p̅n) 

      [Now known as Pomeranchuk theorem] 

3.   Therefore,  

      σann(p̅p) = σann(p̅n) = σann(n̅p) 

       at high energies. 
Pomeranchuk JETP 30,423 (1956); JETP 34,725(1958) 

(1933-1966) 



Pomeronchuk theorem is confirmed experimentally  



Flux-tube model of  nucleon-antinucleon annihilation 
gives σann(p̅p)= σann(p̅n) )= σann(n̅p) 

 

  
Before collision 

Flux tube 
formation 
after collision 

Flux tube  
fragmentation 

p̅ p or n 



Fragmentation of a color flux tube into pions  

quark antiquark 



Space-time picture of a flux tube fragmentation  

See e.g. CYWong,  “Introduction to High-Energy Heavy-Ion Collisions “ 



Quark model description of the annihialtion process 

1.  Flux tube model of annihilation gives       
                  σann(p̅p)= σann(p̅n) 
     in agreement with the Pomranchuk prediction 
 
2.  The quark model  of annihilation by annihilation  
     of a quark and  an antiquark of the same flavor gives                
                 σann(p̅p)=  (5/4) σann(p̅n) 
     in disagreement with the Pomranchuk prediction 
 
 
 
 

 
  



Experimental data agree with Pomeranchuk prediction:  

1. σann(p̅p)   ̴ σann(n̅p) at high energies 
2. What is the behavior of σann(p̅p) at small plab

 

3. What is the behavior of σann(n̅p) at small plab 

Pomeranchuk 
predicition 

p̅p,  1/v or 1/v2 ? 

 n̅p,    1/v ?  



Theoretical analysis of σann(p̅p)  and  σann(p̅n)  
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Comparison of σann(p̅p) with theory 

Square well  
V=-V0=-85 MeV 
R=0.8 fm 



Behavior of σann(p̅p) and σann(p̅n) at small plab  
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Behavior of σann(p̅p) and σann(n̅p) can be understood  
in terms of     TL  and GL  



Glauber model of nucleus-nucleus collision 

See e.g. CYWong, Chapter 12,  “Introduction to High-Energy Heavy-Ion Collisions “ 
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Glauber model of p̅-nucleus annihilation cross 
sections at high energies 
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Glauber model of p̅-nucleus annihilation cross 
sections at high energies (contd) 
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granular 
property 

black 
nucleus 

p̅-nucleus 
interaction 

Coulomb 
focusing 



For lower energies, we need to modify the Glauber model 
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Coulomb and nuclear interaction effects 
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Inclusion of these three effects give a good description of σann(p̅A)  

Curves are theoretical  
Results. 

Gaussian density T(b) 

Uniform density T(b) 



Conclusions 

1. Pomeranchuk prediction on σann(p̅n)=σann(p̅n)=σann(n̅p) 
is supported by experimental data 

2. Flux tube model of annihilation is in agreement with 
data and the Pomeranchuk prediction 

3. The application of Glauber model at high energies gives 
a good description of p̅-nucleus annihilation data   at 
high energies 

4. The extension of the Glauber model to include 
    Coulomb and nuclear interactions lead to a qualitative 
    description of the world data of p̅-nucleus interaction 
    from low to high energies  
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The annihilation of p  and n  with nucleons and nuclei are important 
properties in the interaction of matter with antimatter. Pomeranchuk suggested 
that ann (n p)   is equal to ann (p p)   at high energies [1]. On the other hand, 
from the naive quark model of counting the number of quark-antiquark pairs of 
the same flavor, ann (n p)   would be (4/5) ann (p p)  . We have re-examined 
the nucleon-antinucleon annihilation cross sections, taking into account the 
nuclear and p – p  Coulomb interactions, and found that the Pomeranchuk’s 
suggested equality at high energies appears to be a reasonable concept, as shown 
in Fig. 1. On the basis of the elementary ann (n p)   and ann (p p)   cross 
sections as input, we extended the Glauber model for high-energy collisions [2] 
to both high and low energies, after taking into account effects of the nuclear 
interaction, the Coulomb interaction, and the change of the antinucleon 
momentum inside a nucleus [3]. The extended Glauber model captures the main 
features of the experimental antinucleon-nucleus annihilation cross sections [3]. 
At high energies, they exhibit the granular property for the lightest nuclei and 
the black-disk limit for the heavy nuclei. At low energies, they display the effect 
of antinucleon momentum increase due to the nuclear interaction for light 
nuclei, and the effect of focusing due to the attractive Coulomb interaction for 
antiproton annihilation for heavy nuclei, as shown in Fig. 2 for p -nucleus 
annihilation cross sections.  

Fig. 1. Comparison of theoretical ann (p p) 
and ann (n p)   curves with data. 

Fig. 2. Comparison of theoretical 

ann (p A)   curves with data. 
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