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Isomers 

Gamma ray
spectroscopy 
far from stability

Nuclear Structure

I Isomer decay is  sometimes the only tool to
study excited states of an exotic nucleus 



Shell-structure in the neutron rich Nickel region:
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Isomers  - > excited levels – > nuclear structure
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“ENERGY” ISOMERS
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Production methods

Fragmentation of relativistic heavy ions
             R. Grzywacz et al. Phys. Rev. Lett. 81, (1998) 766
Fission of relativistic heavy ions
             M. Pfützner et al. Nucl. Phys. A626 (1997) 259c
Deep inelastic collision
           R. Broda et al. Phys. Rev. Lett.  74(1995) 868
             T. Ishii et al. Phys. Rev. Lett. 81 (1998) 4100 
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60    1000 MeV/u

beam:

target  (Be,Ni,Ta)

implantation setup

ion-gamma  microsecond correlation

fragment separator
(Lise, FRS, A1900)



Results of the ion-gamma correlations

ion-identification
spectrum

isomer-identification
spectrum

rates from ~100 cps to ~100 cpe*

* counts per experiment
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Isomers in even-even nuclei 
residual interactions

~300 ns

76Ni

N=40 N=50

Z=28



H. Grawe et al. Nucl. Phys. A704(2002) 211c 

The different choice of residual interaction
may open up energy window for 8+ state decay

seniority _=4 J=6+ state
seniority _=4 J=6+ state 8+ isomer

8+ isomer



NSCL experiment
Grzywacz et al.

M. Sawicka et al. EPJ. A 16 (2003) 51

First evidence for isomerism in 76Ni
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sequence of spins  - evidence for deformation
see also 66Fe  case ( _2=0.26  Hannawald et al.) 

1/2-[301]  (E)
5/2-[303] (C)

5/2+[422] (I)
very retarded M2  => ∆l=2

M. Sawicka et al. EPJ A 16 (2003) 51
S. _wiok et al. Nucl. Phys. A573 (1994) 356
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g-factor measurements
                 testing the nuclear  wavefunction
G. Georgiev et al. J. Phys. G28 (2002) 2993

fragmentation –  spin aligned nuclei
(K. Asahi et al. Phys. Rev. C43 (1991) 456 ) 

Time Dependent Perturbed
Angular Distribution (TDPAD)

isomeric lifetimes ~ relaxation time



 g-factor of 67mNi 9/2+

5/2-

1/2-

|g| = 0.125(6) 
expected from SM 
g=-0.29(1)

mixed πf7/2
-1f5/2 excitations

Z=28 core breaking !
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fast timing mesaurements
  - measure the subnanosecond lifetimes
(1 ns -10 ps) 
 H. Mach, R.J. Gill and M. Moszy_ski  NIM A280 (1989) 59

Oak Ridge BaF – fast timing setup  

Eff(__)=6 x 2% x 2% = 0.24%
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H. Mach et al.
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ISOMER SCOPE AND DIC !

T. Ishii et al. Phys. Rev. Lett. 81 (1998) 4100  
Nanosecond isomers

T. Ishii et al. Phys. Rev. Lett. 84 (2000) 39   
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Other ways to get the excited levels information:
Coulomb excitation of relativistic radioactive ion beam
   O. Sorlin et al.  Phys. Rev. Lett. 88 (2002) 092501

beta-decay of fragmentation/fission products
  M. Sawicka et al. Phys. Rev. C. in press
  W.F. Mueller et al. Phys. Rev. Lett. 13(1999) 3613
  M. Hannawald  Phys. Rev. Lett. 82(1999) 1391

Isomers from fragmentation studies:
- increase detection sensitivity (4π detection)
- increase 86Kr beam intensities
- decrease TOF
- secondary fragmentation

   DIC  - Isomer Scope with 
         postaccelerated  radioactive ion beams !
          (see W. Królas presentation )



What did we learn  ?

- magicity of the 78Ni is preserved (78mZn,76mNi)
- evidence for deformation Z<28 (67mFe,66Fe)
- residual interactions needs to be revisited (72???mNi)
- evidence Z=28 core breaking (67mNi) 
- disappearance of N=40 shell-closure for Z<28
- monopole migration (69Cu,71Cu,73Cu)

Needed :
-better measurements
-reliable residual interactions  and single particle states 
 for the full fpg shell


