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• The SM is insufficient to account for the observed barion
asymmetry of the universe.

• CP violation observed in K and B decays is not sufficient to 
explain the observed asymmetry of matter.

• Many theoretical models with CP violation.
• One of the most stringent test for models is the predicted

EDM for neutron, electron and atoms.
• RIB facilities allow to select special nuclei where such

moments are greatly enhanced

EDM and deformed nuclei at SPES
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T and CP violation by a permanent EDM

d = d I
I

t – t
I  –I

d  d

 Time Reversal:

d –d 0

EDM  T violation  CP violation
 CPT theorem also implies violation of CP symmetry

 Vector:

d  0  violation of time reversal symmetry

Courtesy of M. Romalis
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More CP violating mechanismsStrong CP

• Matter – antimatter asymmetry
– 1967, Andrei Sakharov: CP violation
– CP violation observed so far is not sufficient 
– Can be explained with more CP violating mechanisms

• Baryogenesis asymmetry between baryons and  
antibaryons in the Universe
– Distant galaxies made of matter of antimatter?
– No evidence of annihilations
– No void in CMB

• Supersymmetry
– More particles more CP-violating phases

• Strong CP problem
– CP not violated in quantum chromodynamics, fine tuning
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Experimental Detection of an EDM

H = –   B – d E

1 =
2 + 2dE

h
2 =

2 B  2dE
h

1– 2 = 4dE
h

Single atom with coherence time 

N uncorrelated atoms measured for time T >> :

• Statistical Sensitivity:

B E

d 
1

B E

d 
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• Measure spin-precession frequencies

 = 1
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2E

1
2TN

Courtesy of M. Romalis
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Present limits
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Experimental technique
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Experimental technique



SPES-Nusprasen Workshop – Fundamental Symmetries – Pisa 1-2 February 2018

Atomic EDM proportional to Shiff moment

• No atomic EDM due to EDM of the nucleus - Schiff’s Theorem
– Electrons screen applied electric field

• d(Hg) is due to finite nuclear size
– nuclear Schiff moment  S - Difference between mean square radius 

of the charge distribution and electric dipole moment distribution

• Schiff moment induces parity mixing of atomic states, giving an atomic 
EDM:

da = k·S
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Recent work by Haxton, Flambaum on form of Schiff moment operator

V. Dzuba et al. Phys.Rev. A66 (2002) 012111 Courtesy of M. Romalis
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Octupole Enhancement
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Z = 34 Z = 56
Z = 88

N = 134

Rn (Z=86)?
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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
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Haxton & Henley; Auerbach, Flambaum & Spevak; Hayes, Friar & Engel; Dobaczewski & Engel
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EDM measurement

• Production
• Separation
• Trapping
• Orientation
• Precession
• Detection
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229Pa 30000 more sensitive than 199Hg

Most of these nuclei need to be characterized
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Spectroscopy of “EDM” isotopes
+ Coulex or (p,p’) of even-even
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Level density in Protactinium

229Pa: Previously studied 
w/ 231Pa(p,t)
→ (p,p’)?

 Internal conversion 
coefficiencts 
for Jπ assignment
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Superconducting Solenoid + Germaniums

• Helios-like superconducting 
solenoid

• Add germanium detectors
– Proper signal treatment is needed
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Superconducting Solenoid
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Superconducting Solenoid + Germaniums
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Production of nuclei for EDM studies at SPES
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Production at SPES

• 232ThO2 target
– p(40 MeV)+232Th 229Pa 150 mbarn
– p(70MeV)+232Th 225Ac 10 mbarn
– p(70MeV)+232Th 223Rn 15 μbarn

• 226Ra target
– p(15 MeV)+226Ra 225Ac 700 mbarn

• Batch mode: τ = 10 days

– p(70MeV)+226Ra 223Fr 3 mbarn
– p(70MeV)+226Ra 223Rn 100 μbarn 

RIB Facilities:
Estimated intensity at 
- FRIB 225Ra: 6x109 s-1

- HIE-ISOLDE  223Fr: 2x109 s-1

- SPES 229Pa by 232Th(p,4n): 109 s-1

if extraction efficiency 0.05

C.U. Jost et al. AIP Conf Proc 1525, 520 (2013);

WARNING:
Cross sections to be measured
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Conclusions

• Radioactive/Stable  Ions
• Nuclear structure (Ex, β2, β3…) 
• New extraction modes 

(ex. for Th target)
• Trap and orientation 

developments 
• New 

instrumentation


