


Branch point

let z = |z |e iφ

two numbers |z | and φ define points on the complex energy
plane

z = |z |e iφ = |z |e i(φ+2π)

Im z

z

Re z

two solutions (ξ1)
2 = z , (ξ2)

2 = z

first branch ξ1 =
√

|z |e i
2
φ:

domain of definition of function ξ1: φ = 0...2π

second branch ξ2 =
√

|z |e i
2
φ:

domain of definition of function ξ2: φ = 2π...4π



π
+p → π

+p below 2πN threshold

Scattering amplitude with ∆

T = − ΓπNN∗ ΓπNN∗

E 2 −m2 + iΣ(gπNN∗ ,E )

Optical theorem(unitarity)

ImTπ+p→π+p ∼ σπ+p→π+p
tot (

√
s)

Σ(gπNN∗ ,E ) > 0

Σ(gπNN∗ ,E ) ∼ g2
πNN∗

k(E)
E

k(E ) =

√

(E 2 − (mπ +mN)2)(E 2 − (mπ −mN)2)

2E

pole on the second Riemann sheet Epole = m − iΓ/2


