
Group Meeting 11.28

Hao Liu 
Zetian Ma

COMPLEX-SCALED CDCC METHOD FOR NUCLEAR BREAKUP 
REACTIONS 



CSCDCC  

In this article, they only apply the Complex Scaling (CS) method in the 
projectile.

hθ = U(θ)hU−1(θ)

h = Tr + V(r)

hθφθ
α = εθ

αφθ
α

hφα = εαφα



CSCDCC  

The rotated operator  only affects on .U(θ) r
∑
α,β

⟨[φα(r) ⊗ yLα
(R̂)]JM [(T − (E − εα) + V)]

× [φβ(r) ⊗ yLβ
(R̂)]JM⟩ ⟨[φβ(r) ⊗ yLβ

(R̂)]JM
|Ψ⟩ = 0

∑
α,β

⟨[φα(r) ⊗ yLα
(R̂)]JM

U−1(θ)U(θ)[(T − (E − εα) + V)]
× U−1(θ)U(θ) [φβ(r) ⊗ yLβ

(R̂)]JM⟩ ⟨[φβ(r) ⊗ yLβ
(R̂)]JM

|Ψ⟩ = 0

∑
α,β

⟨[φθ
α(r) ⊗ yLα

(R̂)]JM
U(θ)[(T − (E − εα) + V)]

× U−1(θ) [φθ
β(r) ⊗ yLβ

(R̂)]JM⟩ ⟨[φβ(r) ⊗ yLβ
(R̂)]JM

|Ψ⟩ = 0



CSCDCC  

The rotated operator  only affects on .U(θ) r
∑
α,β

⟨[φθ
α(r) ⊗ yLα

(R̂)]JM
U(θ)[(T − (E − hα) + V)]

× U−1(θ) [φθ
β(r) ⊗ yLβ

(R̂)]JM⟩ ⟨[φβ(r) ⊗ yLβ
(R̂)]JM

|Ψ⟩ = 0

[(T − (E − εθ
α))] χ(J)θ

α (R) = − ∑
β≠α

F(J)θ
α,β (R)χ(J)θ

β (R) .

F(J)θ
α,β (R) = ⟨[φθ

α(r) ⊗ yLα
(R̂)]JM

U(θ)[V1 (r1) + V2 (r2)]
× U−1(θ) [φθ

β(r) ⊗ yLβ
(R̂)]JM⟩ .



CSCDCC

In the coupling potential, there may be some problems when r becomes 
complex.

F(J)θ
α,β (R) = ⟨[φθ

α(r) ⊗ yLα
(R̂)]JM

U(θ)[V1 (r1) + V2 (r2)]
× U−1(θ) [φθ

β(r) ⊗ yLβ
(R̂)]JM⟩ .γ

In the integral, the angle  couldn’t be 
gotten from the law of cosine. They may 
use the multi-expansion here.

γ



CSCDCC  

With the boundary condition, the relative wave function is written by,

χ(J)θ
α (R) → [δα0u(−)

L0
(K0R) −

v0

vθ
α

S(J)θ
α0 u(+)

Lα
(Kθ

αR)]

S(J)(ε)
2

=
1
π

ℐm [∑
α

S̃(J)θ*
α0 S(J)θ

α0

εθ
α − ε ]

Project onto the real energy ε



CSCDCC  

The result is very close to the PS-CDCC.



Method  

In another paper, they introduced the CS to solve the coupled 
channel problem.



Method  

They treated different channels like this.

d + α p + 5He n + 5Li


