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introduction
γγγγ-ray spectrometer
ancillary detectors
examples:

prompt particle decay from deformed excited states
superdeformed bands 
spectroscopy of transfermium nuclei
ground state proton decay

next generation γγγγ-ray spectrometer
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high excitation energy (hot nuclear matter)

high spin

extreme isospin (halos, skins, …)

large mass, high Z (superheavies)

strong deformation (superdef., hyperdef.)

spin I

temperature T
excitation energy Ex

isospin N-Z
A

drip line nuclei
Halo nuclei

11Li

2:1

3:1superdef.

hyperdef.

transition
order    chaos

6 fm

24 fm BNeutron= 0 MeV

BProton= 0 MeV
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temperature T
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nucleon

Quark
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interaction
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nucleusatommolecule

• electronic
• vibration
• rotation

• electronic • single-particle
• vibration
• rotation (def.)

ωωωωrot ~ ωωωωvib ~ ωωωωSPωωωωel. ›› ωωωωvib ›› ωωωωrot

Clear separation ! Interaction !
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Photo of the band spectrum of the 
N2 molecule built on the electronic
3ΠΠΠΠg - 3ΠΠΠΠu transition:

electronic
states

vibrational
states

rotational
states

ωωωωel. ›› ωωωωvib ›› ωωωωrot

λλλλ [Å]

E



collective models single-particle models

ωωωωrot ~ ωωωωvib ~ ωωωωSP

shell model - 1949

spins and magn. moments
of ground states
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Ex=I(I+1) 2J
h2

vibrations - 50er Jahre

0+

3-

0+

2+

0+2+4+
0+2+3+4+6+

quadrupole octupole

hωωωω



magic numbers
(spherical regions)

calculated quadrupole deformation

deformed
nuclei

„rare earth“

First observation of rotatio-
nal bands in stable isotopes
of the rare earth region in
the fifties !



160Gd96
Morinaga und Gugelot, 1963

Johnson et al., 1972

NaJ

Ge

200 400 Eγγγγ [keV]
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s Z=64    14 protons outside

closed shell

N=96    14 neutrons outside
closed shell

Ex=I(I+1) �2/(2J)

Eγγγγ ∼∼∼∼ I

Excitation energy:

γγγγ-ray energy: 

difference between Eγγγγ:

∆∆∆∆Eγγγγ = const.

∆∆∆∆Eγγγγ
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Energy of an axial symmetric nucleus rotating
around perpendicular axis:

R

z

J
R

Hrot 2

2
ρ

= :R
ρ

coll. angular
momentum

From the observed spectrum one can de-
termine the moment of inertia ! 

spectrum: )1(
2

2

+= II
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η�2

→
→

deformation ββββ

J/Jstarr

Normalized to the moment of inertia of
a rigid sphere:
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RmARMJ nlstarreKuge ⋅⋅=⋅=

„Nuclei 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.

rigid
ellipsoid

experiment

„whirl free“
liquid



73Br38

I=65/2 �
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J determined from excitation
energies and spins: ∼∼∼∼ 20 �2/MeV
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Excitation energy - spin

Ex ~ I(I+1)

Spin [h]
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Spin – rotational frequency

rotational frequency hωωωω [MeV]
Sp

in
 [h

]
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γγγγ-Energie [keV]

1 broken
neutron pair

∆∆∆∆Eγγγγ = const.

I=R+j1+j2
→→→→ →→→→ →→→→ →→→→

j1
→→→→

j2
→→→→

“Irregularities” in the spectrum of 156Dy90

Breaking of a nucleon pair increases the total
spin (and moment of inertia) while the frequency
of the collective rotation decreases (skater) !



collective models single-particle models

ωωωωrot ~ ωωωωvib ~ ωωωωSP

shell model - 1949

spins and magn. moments
of ground states
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Maria Goeppert-Mayer (1906-1972)
Hans Jensen (1907-1973)

……….

Physical Review 75 (1949)
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Er9068
158 Gd83

147
64

deformed nucleus:
regular rotational bands

(collective movement)
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spherical nucleus:
irregular structures

(excitation of individual
nucleons)
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spin I

temperature T
excitation energy Ex

isospin N-Z
A

drip line nuclei
Halo nuclei

2:1

3:1superdef.

hyperdef.

transition
order    chaos

11Li 6 fm

24 fm
BNeutron= 0 MeV

BProton= 0 MeV
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The heavy-ion induced fusion-evaporation reaction

projectile

target nucleus

fusion 10-22 sec

fission

formation of a
Compound nucleus

�ωωωω ~ 0.75 MeV
~ 2x1020 Hz

rotation

10-19191919 sec

p
p

p
n

I

10-15151515 sec

I

γγγγ

10-9999 sec

ground state

3-5 MeV/u
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after particle
evaporation

statistical
dipole cascades

discrete
γγγγ-transitions

no states

Yrast line

• 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%



γγγγ-spectrum of a 60Co source

γγγγ energy

NaJ

Ge
∆∆∆∆E/E ~ 0.15%

∆∆∆∆E/E ~ 8%

Ge detector has much better energy
resolution but much worse efficiency
than a scintillator !

Three characteristic quantities for γγγγ-ray spectrometer:

a)  energy resolution: FWHM of photopeak (1.33 MeV γγγγ quant from 60Co)
b)  detection efficiency, given relative to a

7.6 cm x 7.6 cm NaI crystal (source at a distance of 25 cm)
c)  peak-to-total P/T: area of photopeak relative to total area
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γγγγ−−−−ray spectrum of an air filter with radioactive aerosols,
whose activity stems from the atmospheric nuclear wapon
expriments between 1958 und 1963.

NaJ

Ge



γγγγ-source

Ge crystal

collimator

BGO shield
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Half widths d1/2 of γγγγ-radiation in different
detector materials


