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@ introduction
@ Y-ray spectrometer
@ ancillary detectors

@ examples:

o prompt particle decay from deformed excited states
o superdeformed bands

o spectroscopy of transfermium nuclei

o ground state proton decay

@ next generation y-ray spectrometer
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The mesoscopic system ‘atomic nucleus’
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Excitation mechanisms of different objects
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Clear separation !
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* single-particle
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Interaction !

The special interest
of nuclear physics !



An example for molecular excitations: N,
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collective models
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Morinaga und Gugelot, 1963
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Johnson et al., 1972

160Gd96

Z=64 14 protons outside
closed shell

N=96 14 neutrons outside
closed shell

Excitation energy:

E =I(I1+1) h?/(2]))
Y-ray energy:

Ey ~1
difference between Ev:

AEy = const.




Collective rotation of deformed nuclei

Energy of an axial symmetric nucleus rotating
around perpendicular axis:
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From the observed spectrum one can de-
termine the moment of inertia !
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Normalized to the moment of inertia of
a rigid sphere:
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,,INuclei are like egg shells which are filled with a
mixture of a normal and a super conducting liquid !*

Super conductivity due to pairing forces in analogy
to the Cooper pairs (electrons) in super conductors.
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The “"backbending” phenomenon

“Irregularities” in the spectrum of 156Dy,
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Breaking of a nucleon pair increases the total

spin (and moment of inertia) while the frequency

of the collective rotation decreases (skater) !
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|| 1/2 premio Nobel in physics 1963: The nuclear shell model ||

Maria Goeppert-Mayer (1906-1972)
Hans Jensen (1907-1973)

On Closed Shells in Nuclei. II

MariA GOEPPERT MAYER

Argonne National Laboratory and Department of Physics,
Unaverstiy of Chicago, Chicago, Illinots

February 4, 1949

HE spins and magnetic moments of the even-odd nuclei
have been used by Feenberg®? and Nordheim? to deter-
mine the angular momentum of the eigenfunction of the odd

_particle. The tabulations given by them indicate that spin
orbit coupling favors the state of higher total angular mo-

mentum. If strong spin-orbit coupling, increasing with angular
momentum, is assumed, a level assignment different from
either Feenberg or Nordheim is obtained. This assignment

‘encounters a very few contradictions with experimental facts

and requires no major crossing of the levels from those of a
square well potential. The magic numbers 50, 82, and 126
occur at the place of the spin-orbit splitting of levels of high
angular momentum. S :

0000000 O0CO0CO
Thanks are due to Enrico Fermi for the remarlk, “Is there

any indication of spin-orbit coupling?”” which was the origin
of this paper.

Physical Review 75 (1949)



“"Magic numbers” due to strong spin-orbit splitting
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deformed nucleus: spherical nucleus:
regular rotational bands irregular structures
(collective movement) (excitation of individual

nucleons)
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spherical deformed
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The heavy-ion induced fusion-evaporation reaction
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 neutron-deficient nuclei

* high spin and exc. energy

* needs an accelerator

* many different reaction
products

* large range of cross sections

* recoil velocity of reaction
products v/c = 1-5%



Detectors for y-radiation

| Ge
v-spectrum of a ®*Co source AE/E ~ 0.15%
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Ge detector has much better energy

resolution but much worse efficiency
than a scintillator !
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Three characteristic quantities for y-ray spectrometer:

a) energy resolution: FWHM of photopeak (1.33 MeV 7y quant from $°Co)
b) detection efficiency, given relative to a

7.6 cm x 7.6 cm Nal crystal (source at a distance of 25 cm)
¢) peak-to-total P/T: area of photopeak relative to total area

mmmdp How to improve P/T ?



Y-ray spectrum of an air filter with radioactive aerosols,

whose activity stems from the atmospheric nuclear wapon

expriments between 1958 und 1963.
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“ The BGO Compton supression shield |

BGO shield

Ge crystal

collimator




Half widths d,, of y-radiation in different
detector materials
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