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Scattering Matrix and Resonances
Resonances
● Partial Wave Decomposition
● Unitarity Limit
● Breit Wigner Distribution
● Helicities
● Rotations and Spin
● Helicity Amplitudes
● Klebsch Gordon Coefficients

Decays
● 2-body
● 3-body
● Dalitz Plot
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Legendre Polynomial

relation to spherical harmonics

Legendre polynomial:



A.Schöning                                                            3                                                  Particle Physics WS 16/17

Spherical Waves

a = limk∞

sin 
k

scattering at disc of size a

resonance if a ~ k
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Optical Theorem and Partial Waves

partial wave amplitude and scattering phase:

ℑ(t l) = ℑ(ei δl sin δl) = ℑ(cosδl sin δl+i sin2
δl) = sin2

δl

forward amplitude:

→ Plot

finally:

f el  , s =
1

∣p∣
∑l

2l1 t l  s P l cos

partial wave decomposition:

sin2
 =

pℑ f el =0

∑l
2l1

t l = e
i  l sin  l ∣t l

2∣= sin2
l

P l cos=0 = 1

 tot =
4

∣p∣
2 ∑l

2l1 sin2
 =

4
∣p∣

ℑ f el =0

optical theorem
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Resonance Peaks
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Rotations I
xk
'
= Rkl x l

R(1) and R(2) similarly

R−1
= RT

R3
= 

cos3 −sin 3 0
sin 3 cos3 0

0 0 1  det R=±1

R−1
= RT(orthonormal matrix)General:

Infinitesimal Rotations:

R3
d  = 1 − i d D3

Rn
d  = 1 − i d  ni Di

All orientations:

= 1 − i d n D

Generator D
3
 :

D3 = i 0 −1 0
1 0 0
0 0 1 

[Di , D j ] = i ijk Dk (non-abelian)

 define rotation group SO(3)

Generator D
3
 :

Arbitrary Rotation:

lim
m∞

= 1 − i

m

n D 
m

= e−i n D
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Rotations II
More general transformation U:

can be identified as spin operator (Noether theorem)

U n , d  = 1 − i d  ni J i (generator of transformation U)

J

Group properties (ref: Messiah, Greiner):
J 2

= J 1
2
 J 2

2
 J 3

2

J 2
∣ j , j3 〉 = j  j1 ∣ j , j3 〉

j3∣ j , j3 〉 = j3 ∣ j , j3 〉

j±∣ j , j3 〉 =  j1±i j2∣ j , j3 〉

=  j∓ j3  j± j31 ∣ j , j3±1 〉
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Rotations III

transformation:

U n , = e−i n D

U R = e−i
j z e−i 

ju e−i 
j z (3 rotations)

〈 j ; j3 '∣ ' 〉 =∑
j

3
〈 j ; j3 '∣U R∣ j ; j3〉 〈 j ; j3∣〉

D j3, j3 '
j

 , ,

with:

D j3 ' , j3

j
 , , = e−i j3 ' d j3 ' , j3

j
 e−i  j3

(d-functions)

(3 rotations)

→ Plot

→ Plot

relation to spherical harmonics:

D j3 ,0
j

=  4

2j1
Y j

∗ j3 , → Plot

using:



A.Schöning                                                            9                                                  Particle Physics WS 16/17

Rotations in 3 dimensions
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d-Functions
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Rotations and Spherical Harmonics
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Decay Angle Distributions

Pion - Proton Scattering
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Dalitz Plot
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Rho Mass Peak 

measured at HERA:

ρ0 →  π+ π- 
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Decays of Photoproduced Rho 

Fit:   A sin2 q*

ep →  ep ρ0

ρ0 →  π+ π- 
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