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Introduction: double−humped fission barrier, fission isomers

Predictions from phenomenological systematics

Summary and Outlook

Mini−Workshop on Future In−Beam Conversion Electron Spectroscopy
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P.G. Thirolf, LMU München

γ−     −spectroscopy

− conversion  electron spectroscopy

Experiments in the superdeformed 2. minimum:         Pu240f

Conversion Electron Spectroscopy 

in the Second Minimum of Actinides
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(Strutinsky, 1967)
droplet model

(macroscopic) (microscopic)
shell corrections

, fission isomer: t      = 3.8 ns1/2

α conversion electron spectroscopy after     U(   ,2n)      Pu
238 240

β ~ 0.24 β ~ 0.66

double-humped fission barrier:

240
Pu:

- magic neutron number N=146
- pioneer experiment by Specht et al. (1972) :

first identification of fission isomeric ground state rotational band
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D. Pansegrau et al., Phys. Lett. B 484 (2000) 1

 spectroscopy in

6 Ge-CLUSTER of German EUROBALL Collaboration: 42 detectors

=3.8 ns), 440 hrs. beamtime

delayed coincidence with fission fragments

regular rotational band structure: starting point for level scheme



300 <= E  (keV) <=600 e
600 <= E  (keV) <=800 e

∆ E~ 3.1 keV

α

Principle:

Mini-Oranges:

annular Si detector
(delayed fission)

wedge-shaped permanent magnets
around central Pb absorber 

toroidal magnetic field

2 configurations:

Si(Li)-detectors: 

total efficiency: 5.4 % (625 keV)

Mini-Orange (3x)

 
6cme-

Si(Li) (3x)

1.8mm

6cm
238

U Target

conversion electron spectroscopy

Mini Orange setup for



Experimental Setup for 
Conversion Electron Spectroscopy 



0
(1)23

32

2
4 5 7 9 10

4 5 7

4
6

6

6
8

8

0

5

10

15

25

20

10

5

0

25

20

15

30
10

380 400 500480460440420 520 540 600 620 640 660 680

238
U(α ,2n)

240f
Pu E   = 25 MeVα

E0

E1

25

20

15

10

5

0
100 200

6

4

2

0

12

10

8

400300 500 600 700 800 900 1000

K
2 2

I I

- +
a g

βE0 E2/M1  band:

vibrationβ

from 2 series of experiments (ca. 570 hrs. beamtime):

reaction: 
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J.M. Hoogduin et al. Phys. Lett. B 384 (1996) 43

U. Goerlach et al., Phys. Rev. Lett. 48 (1982) 1160
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connecting E0 transitions between excited rotational bands
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- separately smooth behaviour for even/odd spins in b band
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B(E2) E(2  ) = 2.6 Z  A+ 2 -2/3
Grodzins (/Raman):  

Actinide region: data plotted as function of quadrupole moment Q0

252,254

236f,238fU
No

( )

B(E2) =  5/16      |e Q  |π 0
2

(Single shell asymptotic Nilsson model)

236f,238fU
No

25 actinides

linear interpolation

25 actinides

Nilsson

Woods-Saxon

linear interpolation

Extension of the Grodzins Systematics



237f− measurement of Nilsson orbitals in odd fission isomer         Pu    

β− identification of     −vibrational   bands in         Pu237f

γ − spectroscopy:

Outlook:

Study of a fission isomer with odd neutron number 

− measurement of single particle energies

MINIBALL  (new Germanium spectrometer)

Conversion  electrons:

Mini Oranges

Improvement of models for description of superheavy elements

− main objective of MAFF project  at new research reactor FRM−II



          E x p e c t e d  P r o p e r t i e s  o f  2 3 7 f P u

f

R .  V a n d e n b o s c h  e t  a l . ,  P h y s .  R e v .  C 8  ( 1 9 7 3 )  1 0 8 0

M . H .  R a f a i l o v i c h  e t  a l . ,  P R L  4 8  ( 1 9 8 2 )  9 8 2

1 1 0  + / - 1 2  n s

1 1 2 0  + / -  8 0  n s

b  -  b a n d

b  -  b a n d

c a .  6 0 0

c a .  6 0 0

f

I    ( 1 1 / 2 )

I    ( 5 / 2 )

( g  =  - 0 . 4 3 ( 3 )  )

g    ( D  K  =  3 )

c a .  3 0 0

5 3

8 9

S i n g l e  P a r t i c l e  s t r u c t u r e :       f o r  n e u t r o n s  a t  d e f o r m a t i o n  o f  s e c o n d  w e l l

D e c a y  p r o p e r t i e s :

c o n v e r s i o n  e l e c t r o n  

s p e c t r o s c o p y

( p r e p a r e d  a t  G a r c h i n g )

 g - r a y  s p e c t r o s c o p y

( M I N I B A L L )

0
2 3

( 9 / 2 )

( 1 1 / 2 )

( 7 / 2 )



    P o p u l a t i o n  o f  t h e  S e c o n d  M i n i m u m

2 3 8 U ( a , 2 n ) 2 4 0 f P u  

   E
a
 =  2 4  M e V

2 3 5 U ( a , 2 n ) 2 3 7 f P u  

  E
a
 =  2 4  M e V

2 4 0 f P u :2 3 7 f P u :

s p r o m p t

s d e l a y

=  1 . 2  *  1 0 - 5 s p r o m p t

s d e l a y
=  ( 6 - 8 ) *  1 0 - 5

s d e l a y =  1 0  m bs d e l a y =  1 - 2  m b

s l o n g

s s h o r t
=  1 . 1

E x c i t a t i o n  f u n c t i o n :

2 4  M e V

R e a c t i o n :

2 3 5 U ( a , 2 n ) 2 3 7 P u

I s o m e r i c  c r o s s  s e c t i o n :

R .  V a n d e n b o s c h  e t  a l . ,  P h y s .  R e v .  C  8  ( 1 9 7 3 )   1 0 8 0

P . A .  R u s s o  e t  a l . ,  P h y s .  R e v .  C  3  ( 1 9 7 1 )  1 5 9 5

S .  d e  B a r r o s  e t  a l . ,  Z .  P h y s .  A  3 2 3  ( 1 9 8 6 )  1 0 1



β− determination of      phonon energy

Outlook:

− identification of Nilsson single particle states
237fcandidate:         Pu with conversion electron,      spectroscopyγ

−(in beam)  identification of the fission isomer in        U
239

Superdeformed 2. minimum:

− identification of superdeformed collective bands

− detailed level scheme

  

− predictive power for phonon energies in 2. minimum

− extension of the Grodzins systematics

− exp. determination of new magic numbers in 2. minimum

Summary/Outlook 

Advantage of fission isomers:

− low angular momenta, few K mixing

− clear separation between vibrational and rotational excitations

Conversion electron spectroscopy indispensable tool:

γ− complementary to      −ray spectroscopy: removal of ambiguities
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