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Possible measurements  «alla Enrico Fermi»
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• Irradiate a sample to generate long-living (>30 min) radioactive species.

• Bring the sample (quickly ~ 10-20 min) to measuring point equipped with Ge and LaBr3(Ce) and/or Si(Li).

• Could be the b-DS setup or another dedicated measurement point 



Nuclear electric dipole moment and CP violation

Courtesy of M. Romalis



(Atomic/nuclear) Electric Dipole Moment and 
octupole deformed nuclei (1)
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• Reflection asymmetric shape
• A nuclear dipole would violate time reversal symmetry
• A nuclear dipole is not completely shielded by atomic electrons

→Schiff moment:  the lowest-order observable moment 

Electron screening

nuclear EDM d=e〈r〉 

• Octupole nuclei: doublet of 

nearby rotational states, with 

opposing parity |I±> and the 

same angular momentum

• Can be mixed by T, P-violating 
interaction 



(Atomic/Nuclear) Electric Dipole Moment and 
octupole deformed nuclei (2)

Slab ~ e Z A2/3 2 
E

223Rn 223Ra 225Ra 223Fr 225Ac 229Pa 199Hg 129Xe
t1/2 23.2 m 11.4 d 14.9 d 22 m 10.0 d 1.5 d 
I 7/2 3/2 1/2 3/2 3/2 5/2 1/2 1/2
eth (keV) 37  170 47 75 49 5 
Eexp (keV) -- 50.2 55.2 160.5 40.1 0.22
105 S (efm3) 1000 400 300 500 900 12000 -1.4 1.75
1028 dA (e cm) 2000 2700 2100 2800 -5.6 0.8

2 ,   (− W.u.)

Haxton & Henley; Auerbach, Flambaum & Spevak; Hayes, Friar & Engel; Dobaczewski & Engel

Octupole enhancement

• Octupole deformed nuclei with large nuclear EDM produce atoms with large Schiff moments



What to measure to identify E3 deformation (1)
In odd-A nucleiIn even-even  nuclei



What to measure to identify E3 deformation (2)

• Strong E1 transitions a condition “necessary” but not sufficient

• Strong E3 transitions needed to confirm octupole deformation

In practical terms:

- detailed Coulomb excitation

- Lifetime measurement complemented by high-statistics 
spectroscopy to measure small E3 branching ratios (E1 
dominates the decay)



General idea  for lifetime measurement in octupole 
deformed nuclei

From the decay of 232Th



What we can populate with 40-70 MeV protons
on actinides targets - (p,X) reactions

50-60 mbarn + 1.5 barn fission

Too much fission

10 mbarn + 1.5 barn fission

50 MeV 

30 MeV 

Th isotopes 
population 
possible with 
232Th target

U isotopes population difficult

229Pa isotope population possibile with 231Pa target



Possible dedicated setup

• 6 Compton-Suppressed detectors: HPGe
+ LaBr3
o CS and HPGe detector(s) from the GALILEO 

array
o 2x2” LaBr3 with  =  ps

oDistance source-detector ~11 cm
oEfficiency with 6 HPGe ~ 2.0 % at 1.3 MeV
o2x2” LaBr3 photopeak efficiency is 

comparable to the one of the GASP 
crystals
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Lifetimes accessible
- Statistics for 227-229Th: 
• 1% 𝛾-ray eff. per detector
• 12 hour irradiation
• 50 mbarn cross section
• 100 nA beam current
• 2 mg/cm2 target

𝛾𝛾𝛾 coincidence for lifetimes= 1700 counts

- Statistics for 229Pa: 
• 1% gamma-ray eff. per detector
• 2 hour irradiation
• 10 mbarn cross section
• 100 nA beam current
• 2 mg/cm2 target

𝛾𝛾𝛾 coincidence for lifetimes = 60 counts

228Th (gs of 228Pa=3+)



Possible common proposal with DOCET 
collaboration

• Producing octupole-deformed actinides 

nuclei with SPES

• Diatomic polar radioactive molecules where 

nuclear-EDM effects are amplified because 
of the large internal effective molecular field 

and to embed such molecules in a solid 
cryogenic matrix.

• Setup for implanting radioactive molecules in 
suitable crystals



Decay branches for cosmochronometers 
• Radioactive decay that may be used to determine the age of an astronomical object or the timescale of an 

astrophysical process

• Famous example: 176Lu (t1/2= 3.7 × 1010 years ) Comm. Physics 6, 299 (2023):
- evaluation of the duration time of slow neutron capture (s-process) in asymptotic  
giant branch stars, photodisintegration reactions (γ-process) in supernovae, solar system  
formation, formation and evolution of planetary bodies in the solar system

• 56Ni (t1/2= 6.075 days):       - 56Ni is the most abundant isotope produced during the silicon burning stage in        
massive stars. After this stage the energy from fusion is not available -> gravitational collapse 
-> supernova explosion -> cosmic rays acceleration

- from light curve of supernovae strong evidence that the light output from the supernova  
remnant is in large part due to the decay of 56Ni, 56Co

-> decays by EC which is however impossible for the fully-stripped nuclei
-> should be present in cosmic rays where it is fully stripped
-> weak 𝛽+ branch: only a limit available  (t1/2>3 × 104 years ). If t1/2 > 107 years it could serve 
to determine the timescale of cosmic rays from supernovae explosions. 

Nature 512,  406–408 (2014)



56Ni populated with 58Ni(p,t) reactions

few mbarn

50 MeV
• Lifetimes in 56Co for nuclear structure

• Search for 𝛃+ decay in 56Ni for cosmochronometer

- 1 𝜇A
- 10 mg/cm2 target
- 18 days irradiation
➔ 1012 56Ni nuclei produced/mbarn (few MBq source)

𝛽+ branching could as low as be 10-10 (current limit < 8*10-7 )
Phys. Rev. C, 59, 3393



Conclusions – GAMMA collaboration
• The GAMMA collaboration presented two proposals for in-beam 

and decay spectroscopy using the 70 MeV-Cyclotron proton 
beams and two for interdisciplinary physics

• Tests of feasibility to study, for example, background are needed

• Needs for well-defined procedures to quickly access the ISOL-2 
vault after irradiation.

• Need for infrastructures in ISOL-2



Thank for your attention



Measuring EDM

Courtesy of M. Romalis
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