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Abstract 

In this note we present a model that can produce a mass shift in 
a resonance due to interference between a scattering amplitude and 
that amplitude having rescattering through the resonance. 

1 Starting point 
For the first part of this story we will define what a scattering cross section 
is. We will only consider in this work elastic scattering of pions. Two pions 
can scatter at a certain energy which we will call &ITT. The differential cross 
section o at a given AdTT is 

12 do 
= - C(2& + l)T~P&os(e)) 

d 4 d e  K 2  e - 

where 4 and 0 are the azimuthal and scattering angles, respectively. Te is 
a complex scattering amplitude and k‘ is the angular momentum. Pe is the 
Legendre polynomial, which is a function of cos(8). E( is the flux factor equal 
to the pion momentum in the center of mass. For this note we only consider 
k‘ = 0 and k‘ = 1. The To and 2-1 elastic scattering amplitudes are complex 
amplitudes described by one real number which is in units of angles. The 
form of the amplitude is 

= e”tssin(St) (2) 

We note that S depends on the value of k‘ and &ITT. We will use the k‘ = 0 
and k‘ = 1 6’s given in [l]. 
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2 DefiningA 
Let us consider two pions scattering in the final state of the heavy ion col- 
lision. The scattering will be either e = 0 or t = 1 partial waves. The &ITT 
of the scattering di-pion system will depend on the probability of the phase 
space of the overlapping pions. The pions emerge from a close encounter in 
a defined quantum state with a random phase. We will call this amplitude 
A and note that the absolute value squared of the amplitude is proportional 
to the phase space overlap. The emerging pions can re-interact or re-scatter 
through the quantum state of the pions, which is a partial wave or a phase 
shift. We have amplitude A plus A times the re-scattering of pions through 
the phase shift consistent quantum state of A. The correct unitary way to 
describe this process is given by [2] equation (4.5) 

In the above equation we have two terms, 1 and 2. The first term denoted 
by 1 is the mr scattering through p-wave which will become the amplitude A 
mentioned above, where V is the incoming and U is the outgoing mr system. 
The second term denoted by 2 is the direct production of the p meson with V 
being the production, the propagation being D and the decay being U .  We 
see that there are terms 0 1 2  which involves a loop of pions between scattering 
pions and the formation of a p by the pions. 

3 Final equation 
The complete derivation is in the appendix. From the appendix we get two 
terms, one being the direct production of the p or mr p-wave phase shift and 
the second being the p from re-scattering. We now write 

In the above equation ITI2 is the cross section for p production, where D is 
the direct production amplitude and A is the amplitude introduced above 
for the re-scattering pions into the p meson. 6 is the 7rn- phase shift [l]. y 
is the mr center of mass. At a given pT and y bin, D will be a constant as 
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a function of Mn,. The a factor is one for rescattering coming from a point 
source, but goes to zero when rescattering is diffractive. The dependence of 
A is calculated by the phase space overlap of di-pions added as four vectors 
and corrected for proper time, with the sum having the correct p~ and y with 
Mn7r. 

A Appendix 
Starting with equation (4.5) from [2] 

In order to have the correct threshold kinematics, we define 

u; = u2J42e+l (7) 
where 4 is the mr center of mass momentum and l is the value of the angular 
momentum. The 

Thus we have 

amplitude A of the text is given by 

The phase shift for the lth partial wave will be given by 6!, where 

The above equality is true if the D1 mode plays no role in the 7i-71- scattering 
in the lth partial wave. But in the initial state there is a large production of 
D1. The U's are the basic coupling of the D's to the mr system. In order 
to decouple D1 from the T ~ T T  system U1 must go to zero. We can maintain a 
finite production of D1 if we define 

1 
v'=s 
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Thus the first term in the equation becomes 

The form of 0 1 2  is given by 

0 1 2  is the real and imaginary part of the two pion loop from state 1 to state 
2. The U's are the mr couplings and the imaginary part goes to zero at 
the mr threshold. The a! factor is one for rescattering coming from a point 
source, but goes to zero when rescattering is diffractive. A simple form for 
a! is given by 

(14) 
r2 
TO 

a! = (1.0 - 5) 

where T is the radius of rescattering in fermis and ro is 1.0 fermi or the limiting 
range of the strong interaction. The second term of the first equation is 

Let us make substitutions 

The second term becomes 

u, 
0 2  

The first term is 

D 
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Adding the first and the second terms and substituting the phase shift, 

The term with the factor 2 is the direct production of the di-pion system. 
We shall call this amplitude D. The re-scattered amplitude is A and is 
modified by the di-pion phase shift. These two amplitudes have some random 
phase and are not coherent. Thus the cross section is 
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