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 Connection between lab frame and Center of Mass frame:- 

               Most scattering experiments are carried out in the laboratory (Lab) frame in which the target is initially at 

rest while the projectiles are moving. Calculations of the cross sections are generally easier to perform within the 

center of mass (CM) frame in which the center of mass of the projectiles-target system is at rest (before and after 

collision). 

          For Lab frame there are 6 d.o.f dut for CM frame only 3 d.o.f can be used. So calculation is easer in CM frame 

but observation must be done in Lab frame. 

In order to be able to compare the experimental measurements with the theoretical calculations, one has to 

know how to transform the cross sections from one frame into the other. We should note that the total cross section 

σ is the same in both frames, since the total number of collisions that take place does not depend on the frame in 

which the observation is carried out. As for the differential cross sections dσ(θ,φ)/dΩ they are not the same in both 

frames, since the scattering angles (θ,φ) are frame dependent. 

To find the connection between the Lab and CM cross sections, we need first to find how the scattering 

angles in one frame are related to their counterparts in the other. Let us consider the scattering of two (structure 

less, nonrelativistic) particles of masses m1 and m2: m2 represents the target, which is initially at rest, and m1 the 

projectile. 

 

 

 

 

 

 

 

 

 

 



 

       

 

 

 

 

 



 
    

 

 



 

 

Connection between Scattering Cross-section in CM and Lab Frame:- 

           



 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scattering amplitude:- 



 

 

    

 



 

Relation between f(θ,φ) and dσ (θ,φ) / dΩ : 

 

 

 

 


