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Nuclear excitation by electromagnetic field acting between nuclei.
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α-particle spectroscopy
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ϑlab

152Sm target

Si-detector

α-particles

H.J. Wollersheim et al., Phys. Lett 48B (1974) 323

inelastic scattering: kinetic energy is transferred 
into nuclear excitation energy

Coulomb excitation
particle detection

Possible:
depletion depth ~ 300μm
dead layer dd ≤ 1μ
V ~ 0.5 V/μ
Over-bias reduces dd
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Nuclear excitation by electromagnetic field acting between nuclei.

observables:
1. scattering angle
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𝟏𝟏
𝝉𝝉 ≅ 𝟏𝟏.𝟐𝟐𝟐𝟐 � 𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐 � 𝑩𝑩 𝑬𝑬𝟐𝟐; 𝑰𝑰𝒇𝒇 → 𝑰𝑰𝒊𝒊 � 𝑬𝑬𝜸𝜸𝟓𝟓 𝒔𝒔−𝟏𝟏

The inelastic cross section  
is a direct measure of the E2 matrix elements

⁄𝑑𝑑𝜎𝜎𝑖𝑖𝑖𝑖𝑖𝑖𝑙𝑙 𝑑𝑑Ω𝑐𝑐𝑐𝑐

𝐵𝐵 𝐸𝐸𝐸; 𝐼𝐼𝑖𝑖 → 𝐼𝐼𝑓𝑓 =
1

2𝐼𝐼𝑖𝑖 + 1 𝐼𝐼𝑓𝑓 𝑀𝑀 𝐸𝐸𝐸 𝐼𝐼𝑖𝑖
2

H.J. Wollersheim et al., Phys. Lett 48B (1974) 323

α-particle spectroscopy

Coulomb excitation
particle detection



Coulomb excitation
particle – γ-ray coincidence measurement
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=

𝐸𝐸𝛾𝛾
𝐸𝐸𝛾𝛾𝛾

2

=
1 − ⁄𝑣𝑣𝑖𝑖 𝑐𝑐 2

1 − ⁄𝑣𝑣𝑖𝑖 𝑐𝑐 � 𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗𝛾𝛾𝑖𝑖
2

𝑑𝑑𝑑𝑑 𝛾𝛾𝑓𝑓→𝑖𝑖
𝑑𝑑Ω𝛾𝛾𝑅𝑅𝑖𝑖𝑅𝑅𝑅𝑅

= 4𝜋𝜋 − ⁄1 2 �
𝑘𝑘=𝛾,2,4

�
−𝑘𝑘≤𝜅𝜅≤𝑘𝑘

𝐴𝐴𝑘𝑘𝜅𝜅𝑄𝑄𝑘𝑘𝐺𝐺𝑘𝑘𝐹𝐹𝑘𝑘 𝐼𝐼𝑀𝑀 , 𝐼𝐼𝑁𝑁 𝑌𝑌𝑘𝑘𝜅𝜅 𝜃𝜃𝛾𝛾 ,𝜙𝜙𝛾𝛾
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Coulomb excitation
particle – γ-ray coincidence measurement
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𝑑𝑑𝑑𝑑 𝛾𝛾𝑓𝑓→𝑖𝑖
𝑑𝑑Ω𝛾𝛾𝑅𝑅𝑖𝑖𝑅𝑅𝑅𝑅

≅ 𝑎𝑎𝛾 � 1 +
𝑎𝑎2
𝑎𝑎𝛾
𝑃𝑃2 𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗𝛾𝛾2 +

𝑎𝑎4
𝑎𝑎𝛾
𝑃𝑃4 𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗𝛾𝛾2

𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗𝛾𝛾2 = 𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗𝛾𝛾 � 𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗2 + 𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗𝛾𝛾 � 𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗2 � 𝑐𝑐𝑐𝑐𝑠𝑠 𝜑𝜑𝛾𝛾 − 𝜑𝜑2

𝑎𝑎𝛾 =
1

1 + 𝛼𝛼𝑇𝑇 𝐼𝐼 → 𝐼𝐼 − 2
1

4𝜋𝜋
𝑎𝑎2
𝑎𝑎𝛾

=
5
7
𝐼𝐼 + 1
𝐸𝐼𝐼 − 1

𝑎𝑎4
𝑎𝑎𝛾

= −
3
7

𝐼𝐼 + 1 � 𝐼𝐼 + 2
𝐸𝐼𝐼 − 3 � 𝐸𝐼𝐼 − 1



Coulomb excitation
particle – γ-ray coincidence measurement

4+ → 2+

12+ → 11−



58Ni → 122Sn at 175 MeV

Coulomb excitation at IUAC

R. Kumar et al., Phys. Rev. C81, 024306 (2010) M. Saxena et al., Phys. Rev. C90, 024316 (2014)

58Ni beam

Clover Ge detector

122Sn target

122Sn: 2+ 1140 keV
58Ni: 2+ 1454 keV



58Ni beam

122Sn target

delay line: inner – outer contact ≈ tanϑ

φ-segmentation : 360, 720, 1080, etc

𝑐𝑐𝑎𝑎𝑠𝑠𝜗𝜗 =
𝑐𝑐𝑎𝑎𝑠𝑠45𝛾 − 𝑐𝑐𝑎𝑎𝑠𝑠15𝛾

𝑐𝑐𝑐2 − 𝑐𝑐𝑐1
� 𝑐𝑐𝑐 − 𝑐𝑐𝑐1 + 𝑐𝑐𝑎𝑎𝑠𝑠15𝛾

58Ni projectile measured with PPAC (122Sn target excitation)
index 1 ≡ projectile (58Ni)     index 2 ≡ target nucleus (122Sn)

Doppler shift correction
58Ni + 122Sn at 175 MeV

𝑣𝑣𝑐𝑐𝑐𝑐 = 0.04634 � 1 + ⁄𝐴𝐴2 𝐴𝐴1 −1 ⁄𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙 𝐴𝐴1 ( = 0.02594)

𝜃𝜃𝑐𝑐𝑐𝑐 = 𝜗𝜗1 + 𝑎𝑎𝑎𝑎𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠
𝐴𝐴1
𝐴𝐴2

𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗1

𝜗𝜗2 = 0.5 � 180𝛾 − 𝜃𝜃𝑐𝑐𝑐𝑐

𝑣𝑣2 = 2 � 𝑣𝑣𝑐𝑐𝑐𝑐 � 𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗2

𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗𝛾𝛾2 = 𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗𝛾𝛾 � 𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗2 − 𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗𝛾𝛾 � 𝑠𝑠𝑠𝑠𝑠𝑠𝜗𝜗2 � 𝑐𝑐𝑐𝑐𝑠𝑠 𝜑𝜑𝛾𝛾 − 𝜑𝜑1

𝑐𝑐𝑐𝑐𝑠𝑠 𝜑𝜑𝛾𝛾 − 𝜑𝜑1 = 𝑐𝑐𝑐𝑐𝑠𝑠𝜑𝜑𝛾𝛾 � 𝑐𝑐𝑐𝑐𝑠𝑠𝜑𝜑1 + 𝑠𝑠𝑠𝑠𝑠𝑠𝜑𝜑𝛾𝛾 � 𝑠𝑠𝑠𝑠𝑠𝑠𝜑𝜑1

𝐸𝐸𝛾𝛾𝛾
𝐸𝐸𝛾𝛾

=
1 − 𝑣𝑣2 � 𝑐𝑐𝑐𝑐𝑠𝑠𝜗𝜗𝛾𝛾2

1 − 𝑣𝑣22

D. Schwalm et al. Nucl.Phys. A192 (1972), 449



58Ni beam

122Sn target

Doppler shift correction
58Ni + 122Sn at 175 MeV

2+ 122Sn

2+ 58Ni

R. Kumar, A. Jhingan @ IUAC

122Sn: 2+ 1140 keV
58Ni: 2+ 1454 keV



Doppler shift correction
208Pb + 164Dy at 978 MeV



Conversion electrons

Energetics of CE-decay (i=K, L, M,….)
Ei = Ef + Ece,i + EBE,i

γ- and CE-decays are independent; transition probability (λ ~ Intensity) 

λT = λγ + λCE = λγ + λK + λL + λM……
Conversion coefficient

ai = λCE,i / λγ



The reorientation effect

The excitation cross section is a 
direct measure of the Eλ matrix elements.

iffffi IEIIEIa )2()2()2( MM∝→

reorientation effect:

If

Ii

Mf

If

1st order:

iffi IEIa )2()1( M∝→

Ii

τ

𝑃𝑃𝛾→2
(2) 𝜃𝜃, 𝜉𝜉 = 𝑃𝑃𝛾→2

(1) 𝜃𝜃, 𝜉𝜉 � 1 +
7
𝐸𝜋𝜋

5
4 �

𝐴𝐴𝑝𝑝
𝑍𝑍𝑝𝑝

�
∆𝐸𝐸

1 + �𝐴𝐴𝑝𝑝 𝐴𝐴𝑅𝑅

� 𝑄𝑄2 � 𝐾𝐾 𝜃𝜃, 𝜉𝜉 𝑄𝑄 2+ = −
2𝜋𝜋
7

4
5 � 2 𝑀𝑀 𝐸𝐸𝐸 2



Shape coexistence in 74Kr


	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 20
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 30
	Foliennummer 36
	Foliennummer 37

