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DANCE @ LANSCE

• Moderated W target gives “white”
neutron spectrum, ~14 n’s/proton

• DANCE is on a 20 m flight path / ~1 
cm @ beam after collimation

• repetition rate 20 Hz 

• pulse width » 125 ns
• DANCE consists of 160 BaF2 crystals
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DANCE detector

� Measurement of cross sections 
of small amounts of (radioactive) 
samples 
(advanced fuel cycle, astrophysics)

� Determination of properties of 
resonances (spins and parities)

� Study of g-decay –
photon strength functions
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DANCE detector

� Measurement of cross sections 
of small amounts of (radioactive) 
samples 
(advanced fuel cycle, astrophysics)

� Determination of properties of 
resonances (spins and parities)

� Study of g-decay –
photon strength functions

� Data from Mo and Eu
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Principle of the multiplicity method

assuming only dipole transitions

JGS = 0

Jcapt = 4 Jcapt = 3 Jcapt = 2

different average multiplicity 
is expected for different DJ

��� �

E1 and M1 transitions have different probabilities

different average multiplicity is expected 
for different parity of capturing state

��� �

Jp
GS(95Mo) = 5/2+

maximum of p-wave 
neutron strength function
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TOF spectrum for 96Mo
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What can be compared? – Multiplicity method

Spectra from resonances
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What can be compared? – Multiplicity method

Strong cross-talk among 
neighbor detectors 
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What can be compared? – Multiplicity method
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Experimental spectra – multiplicity distribution
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Experimental spectra
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Multiplicity distributions

Examples of experimental
multiplicity distributions

for 96Mo

Examples of simulated
multiplicity distributions

for 96Mo
(DICEBOX/GEANT)
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Multiplicity distribution – 96Mo

Simulations

Experiment
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How to distinguish 2 + from 3 - resonances?

Simulations
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How to distinguish 2 + from 3 - resonances?

Experiment
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Limitation of multiplicity method

• One cannot expect any dependence of multiplicity on spin of the 
resonance if DJ is small, or there are many levels with different spins 
at low excitations

• Difference in spectra from resonances with different parities remains 
even for small DJ

JGS = 0

Jcapt = 4 Jcapt = 3 Jcapt = 2 96Mo Jcapt = 3Jcapt = 2

JGS = 2 and 
bunch of levels at very low 
excitations with different J

152,154Eu
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151Eu spectra

M=1 M=2

M=3 M=4

M=5 M=6

M=7

M=1 M=2

M=3 M=4

M=5 M=6

M=7
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Multiplicity distribution for 152Eu

14 resonances + 4 resonance doublets
no p-wave resonance expected
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151Eu spectra - simulations

� Predicted shapes from 
both capturing 
states identical

� Fluctuations from
realizations are small

M=1 M=2

M=3 M=4

M=5 M=6

M=7

M=1 M=2

M=3 M=4

M=5 M=6

M=7
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Photon Strength Functions – Mo isotopes
96Mo

Experimental data from Guttormsen et al., PRC71, 044307 (2005)
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What can we learn from DANCE?

Jp = 2+ Jp = 2-
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What can we learn from DANCE?

Jp = 2+ Jp = 2-
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Which model of PSF is reasonable?
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Photon Strength Functions in Deformed Nuclei

Scissors resonance
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152Eu - Comparison with simulations
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152Eu - Comparison with simulations

• The best fit for 152Eu is found with the “two-component”
resonance (resonances at about 2.6 and 3.6 MeV)

• Both resonances are very wide (about 1 MeV)

• There are still many unknowns related to the Scissors mode
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Conclusions

• Data from the DANCE detector can be, in suitable cases, used for
determination of spin and parity of resonances

• Analysis of multiplicity distribution and shapes of spectra can be 
used for obtaining information on the g-decay of nucleus (Photon 
Strength Functions)
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Thank you for your attention
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The method of two-step � -cascades following TNC 
HPGe #1 

HPGe #2 

� 1 

� 2  

6 m long neutron guide 

Target 

n 

4 mm 

Geometry:

Data acquisition:
- Energy Eg1
- Energy Eg2
- Detection-time difference

Three-parametric, list-mode
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TSC spectra
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TSC data on Mo 
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Example of a TSC spectrum

DEg = 2 MeV

DEg = 4 MeV

Wide-bin TSC spectra

Integrated TSC spectra
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Results – Models from 3He induced reactions
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Results – Models from 3He induced reactions
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Results – Looking for the “best” model
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Results – Looking for the “best” model
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Possible Background Contribution

M=1

M=3

M=5

M=7

M=2

M=4

M=6
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Eu target

Be backing


