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Motivation: Spectroscopy of neutron-rich Z=90-92 actinides

Alternative 
Parity States 
Shneidman, et al.  
Phys. Rev. C 74,  
034316 (2006) 

MF and beyond-MF 
methods, Gogny force
J.-P. Delaroche et al. 
Nuclear Physics A 771 
(2006) 103–168 

Relativistic nuclear energy 
density functionals  

D. Vretenar, et al., 
Int. Journal of modern 
Physics E (2010)

Recent theoretical investigations of neutron-rich actinide nuclei

•	 Explore hardly accessible neutron-rich actinide region
»» Lack of target and beam combinations
»» Cross sections of the reactions compared to fission  
background are very small

Ishii et al. Phys. Rev. C 76, 
011303(R) (2007)

Ishii et al. Phys. Rev. C 72, 
021301(R) (2005)
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A.Sobiczewski, I. Muntian, 
Z. Patyk, Phys. Rev. C, 63 
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AGATA / PRISMA @ LNL
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AGATA (x, y, z, E, Id)

Beam (136Xe, 1 GeV, 2 pnA)
Beam-like particle (Xe, Ba, ...)

Target-lik
e partic

le (U, Th, ...)

PRISMA (x, y, β, A, Z)

DANTE (x, y)
238 U target

1 or 2 mg/cm
2

Nb backing
1 mg/cm2

Doppler correction 
for both beam- and  
target-like spectra

γ
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Demonstrator

10 × 4 IC array

Quadrupole
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Yields of beam-like particles
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New high-spin transitions in barium isotopes
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12 isotopes from  135Ba to 146Ba analyzed56 new transitions found
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Doppler corrected 238U γ-ray specta
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A. Shrivastava et al.
Phys. Rev. C 80, 051305 (2007)
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γ-ray spectrum of 240U candidate

16
2.

2 
24

0 U
 6

+
→

 4
+

Prompt peak
TAC-Cut
TKEL-Cut

21
5.

3 
24

0 U
 8

+
→

 6
+

26
4.

5 
24

0 U
 1

0+
→

 8
+

30
7.

7 
24

0 U
 1

2+
→

 1
0+

34
7.

1 
24

0 U
 1

4+
→

 1
2+

38
1.

3 
24

0 U
 1

6+
→

 1
4+

40
9.

6 
24

0 U
 1

8+
→

 1
6+

42
9.

7 
24

0 U
 2

0+
→

 1
8+

10
7 

24
0 U

 4
+
→

 2
+

Preliminary

240U transition candidates, cut on 134Xe, recoil Doppler corrected

U 240
14.1h

Th 236
37.5 min

240U ground-state band candidates

Ishii et al. Phys. Rev. C 72, 021301 (2005) 



t

0

10

20

30

40

50

60

70

80

50 100 150 200 250 300 350 400 450

C
ou

n
ts

p
er

1
ke
V

Eγ [keV]

γ-ray spectra of 138Ba, Doppler corrected for Th fragments
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γ-ray spectrum of 236Th candidate
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Ishii et al. Phys. Rev. C 76.011303 (2007)
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•	Isotopic yields for												            multi-nucleon transfer 
reactions

•	Spectra for ejectile and recoil particles  
in kinematic coincidence and various cut conditions

•	New high-spin transitions for Xe and Ba nuclei
•	Extension of ground-state bands of n-rich U and Th nuclei

•	In-depth analysis of high-spin levels in Xe and Ba
•	Analysis of Te and ±1p channels
•	Mass yields in cross sections
•	Features of γ-ray tracking

t

Summary

Outlook

136Xe + 238U
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