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The Spectra in the Moving Frame can extend our knowledge of S matrix in the 
energy region.  
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is the on-shell mass, 
but in the loop, we 
do not know two 
particles on-shell or 
not.

We can not fix the exact 

relationship between 𝑘 and 𝑘∗



But, the main contribution of [ summation – integration ] is just from the singularity 

of function, i.e., 𝐸 𝑞 − 𝜔𝑘 − 𝜔𝑃−𝑘 = 0 or 𝑘∗2 = 𝑞2.

Non-singularity part contribution suppress by Exp[-mL] order.
Singularity part contribution suppress by 1/L order.

The meaning of 𝐸 𝑞 − 𝜔𝑘 − 𝜔𝑃−𝑘 = 0 or 𝑘∗2 = 𝑞2:  two particles are both on-shell.
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New one, but it will be very 
useful in Hamiltonian approach 
or other cases.
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Three typical transformation formalisms

The first particle always 
on-shell

Kim, Sachrajda and Sharpe 
NPB 727 218 (2005)

Model A and Model B will  give the 
exact same results although they 
use different transformations.

S-wave case



The test in S-wave of pp scattering



Summary
• We discuss the general formalism of momentum 

transformation in the finite volume.

• Three different transformation ways are discussed. The 

first two ways provide the exact same results. 

• The S-wave pp scattering case is checked in detailed. 



Thank very much !


