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Shape parameterization
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λ = 4 
α40 > 0, α4±1,2,3,4 = 0 

α20≠0, α2±1,2= 0
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Coulomb excitation

wave

particle

4He (Z1=2) projectiles behave like waves
quantummechanical analysis is needed

Sommerfeld parameter:

η >> 1 requirement for a (semi-) classical treatment 
of equations of motion (hyperbolic trajectories )

𝜂𝜂 = 𝑎𝑎 � 𝑘𝑘∞ =
𝑍𝑍𝑝𝑝 � 𝑍𝑍𝑡𝑡 � 𝑒𝑒2
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Classical Coulomb trajectory

scattering angle

impact parameter

 distance of closest approach:

 impact parameter:

 angular momentum : 
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Hyperbolic trajectory:

ε = sin-1(θcm/2)   eccentricity of orbit                
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Coulomb excitation
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α-particle spectroscopy
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Coulomb excitation

α-particle spectroscopy

channel number
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safe bombarding energy

r = Cp +Ct + 5 fm
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Experimental excitation energy

v = 1.02·voptv = 0.98·voptv = vopt
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r(x) ≡ measured spectrum

f(x) ≡ lineshape of elastic scattering

+=≅= →→
2

2020 P
d
d

d
dv

Ruthel σ
σ

σ
σ ( ) ( ) [ ]bdfIIEBE

Z
A

A
Ad EfiMeVE ξησ ,;21819.4 22

2

1

2

2

1
2 ⋅→⋅⋅⋅








+⋅≅

−



Hans-Jürgen Wollersheim - 2022

Double-step E2 vs E4 excitation of 4+ state

scattering angle

impact parameter

multipole moments Qλ (liquid drop):
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Double-step E2 excitation and rigid rotor model

mass number
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Coulomb excitation analysis

mass number
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SC ≡ semiclassical SOPT ≡ second order perturbation theory     QMCC ≡ quantum mechanical coupled channel
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Hydrodynamical model

Reduced transition probability: ( ) 2
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Hydrodynamical model

Reduced transition probability: ( )
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226Ra: quadrupole, octupole and hexadecapole deformation

3- 4+
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4He → 226Ra
Eα = 16 MeV
θlab = 1450

λ βλ (exp) βλ (theo)

2 2.27 (3) 0.165 (2) 0.164

3 1.05 (5) 0.104 (5) 0.112

4 1.04 (7) 0.123 (8) 0.096
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