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Nucleonic resonances and excited states
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Quasi-elastic 
scattering

∆(1232) resonance 

excitation

D. Bachelier et al., Phys. Lett. 172, 23 (1986) 

Z=10�11

∆0�p+π-

N=10�11

∆+�n+π+

Delta resonance
(shifted in energy)



A. Kelic et al., Phys. Rev. C 70, 064608 (2004)

Role of nucleonic resonances in reactions 
(but not for individual excited states)

208Pb (1GeV/u)+H

-208Pb+H

--208Pb+Ti -208Pb+H

--208Pb+D

experiment theory

Theory: intranuclear cascade model, e.g. A. Boudard et al., PRC66, 044615 (2002)



112Sn beam
at 1 GeV/u
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Role of nucleonic resonances in reactions 
(but not for individual excited states)

experiment theory



In flight fragmentation: separation and identification
Fragment Separator (GSI, Darmstadt, Germany)

Ge

56Fe beam at E/A=500 MeV.
54Fe secondary beam stopped. 

Isomeric decays detected with AGATA array.



γ-ray spectroscopy at GSI

AGATA 2012-2014



AGATA+HECTOR+LYCCA

LYCCA Hector

AGATA

8

22

AGATA 
Tracking array

3x2+6x3 crystals
R = 12 – 22 cm

εPh = 5 - 9%

∆E = 0.4 – 1.2%



AGATA demonstrator at GSI (Germany) ~20 crystals



56Fe30 � 54Fe28 +           2n

2 neutron states populated

Max spin is 6



T1/2=364(7) ns

10+ isomer in 54Fe

Predominantly

πf-27/2 νf
-1

7/2p3/2



l=5 proton decay

h2
11/2 component ~10-6

Very low!

D. Rudolph et al., Phys. Rev. C78, 021301(R) (2008).

h2
11/2 component of the 10+ isomer?



Decay of the Iπ=10+ metastable state in 54Fe

T1/2=364(7) ns

∆p = -750, 

-247 MeV/c  

∆p= -247, 

+247 MeV/c 

∆p= +247, 

+750 MeV/c 

9.8x105 ions

55.8x105 ions

1.64x105 ions



Momentum distribution of 54Fe nuclei

Not symmetric: tail at low momentum
Universal distribution: O. Tarasov, NPA 734 (2000) 536



Isomeric ratio of the 10+ isomer

=> the isomer is produced in the low momentum tail



E.C. Simpson et al., Phys. Rev. C 82, 037602 (2010)

Isomeric ratios following fragmentation

Symmetric!
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208Pb -> 206Hg

Momentum change



Population via nucleonic resonances



56Fe � 54Fe

If ∆ => kinetic energy/momentum shiftqe=quasi-elastic



Conclusions

The 10+ isomer in 54Fe populated from 56Fe at E/A=500 MeV
The 10+ state is a four particle state
10+ populated mainly at negative momentum transfer

=> It is populated via the ∆ resonance

ThanksPRESPEC-AGATA campaign
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