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Experiment 
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Fusion - evaporation reaction 
14N(114Cd,4n)124Cs 
 
Target density: 34 mg/cm2 

(thick target used as a stopper) 
 
Beam energy: 73 MeV 
 
DSA measurement with  
γ-γ coincidences 
 
EAGLE array equiped with 15 HPGe 
obtained from GAMMAPOOL 



Why 124Cs? 
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3 components: 
- Even-even core  
- Odd proton  
- Odd neutron  

We need these angular momentums to be perpendicular 
(chance to see spontaneous time-reversal symmetry breaking) 

Effect expected in odd-odd nuclei 
within A ~ 130 region 



Where is time-reversal? 
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(there will be no more equations) 



Lab system 
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Visible partner bands  
with similar properties: 
- Level energies 
- Transition probabilities 

Lifetimes given in ps 

Relative transition 
probabilities presented in 
circles 

 
124Cs level scheme 



E2 transitions 
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Reduced E2 transition 
probabilities are the 
same in partner bands 

No gamma selection 
rules predicted for E2 



Final test 
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M1 transition 
probabilities in partner 
bands are the same =  

we have spontaneous 
time-reversal 
symmetry breaking! 

we can see staggering 

DCO analysis result:  
pure M1 transitions 



Phase transition – first observation 

Left panel: Reduced M1 transition probabilities in the yrast band. 
Right panel: Energy levels staggering in the chiral partner bands. 

S(I) = E(I) – E(I-1)/2I 
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P. Olbratowski et al., Phys. Rev. Lett 93, 052501 (2004) 
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I’m empty slide 
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Additional informations 
DSA Method 
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A 

B 

C 

E=E0(1+βcosθ) 

v ≈ 0,01c 

counts 

energy 
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974 keV transition (how our data 
looks like) 



Additional informations 
DSA Method – data analysis 
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beam 

target 

recoil 

COMPA 

Apparatus 
lineshape 

Known level 
scheme 

Initial velocity 
distribution 

Entry-states 
distribution 

Stopping 
power 

GAMMA 

Time-velocity 
correlation 

Side-feeding 
simulation 

Feeding time 
distribution 

SHAPE lifetime 

A.A. PASTERNAK  - 

MONTECARLO SIMULATIONS 



Weak time-reversal symmetry 
breaking 
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Strong chiral symmetry breaking 

Weak chiral symmetry breaking 

strong symmetry 
breaking 

weak symmetry 
breaking 

Chiral partner bands 



S-symmetry 
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γ deformation 

γ=30°  

Def. potential 

triaxial 

γ soft 

oblate prolate 



EAGLE 
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Reaction 
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x-sections 

DSA lifetime measurements of chiral 124Cs 18 


