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Motivation and Physics
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Even-Even Mass~100 Nuclei

● Neutron-rich even-even nuclei are 
interesting due to rapid structural 
evolution
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Even-Even Mass~100 Nuclei

● Neutron-rich even-even nuclei are 
interesting due to rapid structural 
evolution

● Sudden onset quadrupole 
deformation at N=60 in Sr,Zr

● Emergence of triaxiality in Ru

● Which effect dominates in Mo?
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Even-Even Mass~100 Nuclei

● Simplest form (IBM-1):
○ Pairs of valence nucleons considered 

effective bosons with J=0 (“s-bosons”) 
or J=2 (“d-bosons”)

○ Protons and neutrons are not 
differentiated

○ States built from boson interactions

● Example - 102Mo has 42 protons, 
60 neutrons. From magic number 
50: 8 valence proton-holes, 10 
neutrons – pair for total of (8+10)/2 
= 9 effective bosons
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Even-Even Mass~100 Nuclei

● Pairs of valence nucleons considered effective 
bosons with J=0 (“s-bosons”) or J=2 (“d-bosons”)

○ s- and d-bosons have 1 and 5 magnetic 
substates respectively, 6 degrees of freedom 
in total

○ Can be described by U(6) algebraic group

○ U(6) decomposes in 3 sequences that reach 
O(3) subgroup (L quantum number)
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Even-Even Mass~100 Nuclei

● Pairs of valence nucleons considered effective 
bosons with J=0 (“s-bosons”) or J=2 (“d-bosons”)

○ s- and d-bosons have 1 and 5 magnetic 
substates respectively, 6 degrees of freedom 
in total

○ Can be described by U(6) algebraic group

○ U(6) decomposes in 3 sequences that reach 
O(3) subgroup (L quantum number)

● Limits derived from boson algebra have 
geometric analogues
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Even-Even Mass~100 Nuclei

● Vast majority of nuclei do not conform 
precisely to limits…

● ”Critical points” in transitions between limits 
can be investigated

● X(5) represents critical point between:
○ U(5) (vibrator),
○ SU(3) (axially symmetric rotor)

● X(5) is an approximate analytical solution to 
Bohr Hamiltonian – 𝛽 and 𝛾 decoupled
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X(5) Symmetry

● Hutter et al considered some A~100 
isotopes as potential candidates of an 
X(5) nucleus

● Performed RDDS measurements on 
104Mo and 106Mo to search for this 
symmetry
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X(5) Symmetry

● Hutter et al considered some A~100 
isotopes as potential candidates of an 
X(5) nucleus

● Performed RDDS measurements on 
104Mo and 106Mo to search for this 
symmetry

● In this work we have measured 
states in 102Mo

● U(5) and X(5) should be useful 
frameworks for comparison
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Project Aims

1. Measure transition energies to construct a level 
scheme

2. Observe transitions thought to depopulate 0+
3 

state at 1334(5) keV, and 3-
1 at 1881(2) keV

3. Measure lifetimes of the triplet states (0+, 4+, 2+) 
above first 2+, and anything else that comes free

4. Compare to previous experimental data and IBM 
calculations
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Experimental Details
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IFIN-HH 8
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Experimental Setup 9
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Experimental Details

● 50 MeV 18O beam, just below Coulomb barrier

● Impinged on 100Mo for the 2n transfer reaction 
100Mo(18O,16O)102Mo

● 1.0 mg cm-2 100Mo target (>99% enrichment), 
6.0 mg cm-2 197Au stopper

● 8 target-stopper distances
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SORCERER

● Counts are reduced by a factor of ~20, but 102Mo enhanced over 197Au by ~10
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Results and Interpretation
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Level Scheme

● 24 gamma-rays
(4 new)

● 14 excited states
(2 new in 𝛾-spec)
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Level Scheme: 0+ 13
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Level Scheme: 3- 14



C.E. Jones - University of SurreyC.E. Jones, University of SurreyIOP NP Conference  | 24.04.2025Lifetime measurements in 102Mo

Lifetime Measurements: RDDS 15
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Lifetime Measurements: Triplet States 16
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Lifetime Results: 4+1 18
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Lifetimes Measured

● 11 lifetimes measured, 4 
for the first time

● In reasonable 
agreement with 
literature, most within 1 
or 2𝜎

● Calculated reduced 
transition strengths for 
comparison with 
calculations
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IBM Calculations

● An X(5) scheme could be 
configured in many different 
ways…we pick two

● Level energies given by this 
Eigenvalue equation

● We want to compare our data to several theoretical 
calculations

● In the U(5) limit, Hamiltonian reduces to…

● Since we know 102Mo is strictly at a limit, it is 
useful to define a generalised “IBM” Hamiltonian…
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IBM Calculations: Level Scheme

● U(5) does well because the 
lowest-lying structure is fairly 
quadrupole-vibration-like, but 
many states degenerate

● E-RMS is smallest for HIBM. 

● X(5) struggles to scale yrast 
and non-yrast schemes 
together

21
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IBM Calculations: B(E2)s

● Calculated B(E2) values using the 
parameterisations determined from level scheme 
best-fits

● Defined a value 𝜎(E2) to quantify quality of 
calculation compared to experiment

● Clear hierarchy is seen, HIBM > X(5)1 > U(5) > X(5)2 
○ inclusion of gamma-soft term very important!
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Outlook and Summary
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Future: Octupole Collectivity?

● Negative parity states - what is their structure?

23
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Summary

● RDDS measurements were carried out in 102Mo following the reaction 100Mo(18O,16O)102Mo

● 4 new gammas reported for the first time, depopulating the 0+
3  and 3-

1 states of interest

● 11 lifetimes have been measured, 4 for the first time - in reasonable agreement with previous 
experimental data

● Excited states and B(E2) values suggest nucleus lies between U(5) and X(5) symmetries, with 
possible indications of 𝛾-softness

● In the future…
○ Explorations of Octupole collectivity in the region with 3- and 5- lifetimes in neighboring nuclei
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Spare
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Side-feeding
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Molybdenum 102

● Relatively little lifetime information 
(less when we started!)
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Lifetime Results: Monte Carlo simulation

● At each distance xi, a value for y is sampled from a normal distribution with 𝜇 = yi, 𝜎 = dyi

● Least-squares fit is performed for each set of values, determining m (= - 1 / v𝜏)

● Repeated 105 times – set of m values fitted with a gaussian, we take 𝜇m ± 𝜎m to determine 𝜏
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