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New physics is hidden in the 

nuclear Schiff moment
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Flambaum & Dzuba, Phys. Rev. A 101 (2020)

Gaffney et al., 

Nature 497 (2013)



• Existing searches: 199Hg, 129Xe, 205TlF,  225Ra

• Large Z & A, and 𝛽3 ≠ 0 → strongly enhanced Ԧ𝑆

• 227Ac: largest S across nuclear chart
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225,227Ac might have exceptionally large Schiff moments*

𝑆(227𝐴𝑐) = 𝟔 𝑆(225𝑅𝑎)

𝑆(225𝐴𝑐) = 𝟑 𝑆(225𝑅𝑎)

𝑆(237𝑁𝑝) = 𝟒 𝑆(225𝑅𝑎)

𝑆(235𝑈) ≤ 𝟑 𝑆(225𝑅𝑎)

𝑆(229𝑃𝑎) = 𝟒𝟎 𝑆(225𝑅𝑎)

.

.

.

* Flambaum & Dzuba, Phys. Rev. A 101 (2020)

225,227Ac are promising candidates for the 1st successful measurement of a Schiff moment

*



• AcF is exceptionally sensitive to 𝑆(𝐴𝑐)

→ measurable with precision achieved in the 1990s!

• Quantum chemistry benchmark

CRIS can contribute to future Schiff moment searches

by measuring the low-lying electronic and vibrational

structure of AcF for the first time!
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AcF is predicted to be highly sensitive to 𝑆(227𝐴𝑐)*

* Skripnikov et al., Phys. Chem. Chem. Phys. 22 (2020)

*
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Fluoride extraction could expand availability of Ac at ISOLDE

• The range of accessible Ac isotopes is limited by the atomic release

• Release rate @ ISOLDE: ~5 days

• Fluoride sideband extraction often enhances release of reactive/refractory speciesa,b

Studies on the release of AcF may reveal pathways

for access to more Ac isotopes!

a Köster et al., EPJ Spec. Top. 150 (2007)
b Ballof et al., EPJ A 55 (2019)



Institute for Nuclear and Radiation Physics, Nuclear Moments Group6

𝛿 𝑟2 𝐴′,𝐴 can be extracted accurately with molecular spectroscopy!

• Isotope shifts in 𝐴2Π1/2 ← 𝑋2Σ+ in RaF

→ 𝜹 𝒓𝟐
𝑨′,𝑨

with 5-10% error!

• Accurate 𝛿 𝑟2 𝐴′,𝐴 from 

other molecules?

• AcF
field shift more complex than in RaF

mass shift still ignored

Ultimately: 𝛿 𝑟2 𝐴′,𝐴 in reactive and refractory species!

b
Verstraelen et al., PRC 100 (2019)

Udrescu et al., PRL 127 (2021)
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Dissociation energy of 225AcF

• 225Ac for nuclear medicine

• Production at ISOL promising

• Release-limited

• Precise measurement of dissociation energy with laser spectroscopy

• AcF extraction + in-flight break-up → 

possible pathway for enhanced collection of 225Ac?
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The electronic levels of AcF have already been calculated

• Relativistic coupled cluster

• All electron correlations

• dyall.cv4z basis set

• IP: 6.02(3) eV / 48,600 ± 250 cm-1

*

Chrysalidis et al., Opt. Lett. 44(16) (2019)
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Garcia Ruiz et al., Nature 581 (2020)
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Beam time request

Motivation overview

• Enable future Schiff moment search in 227AcF

• Benchmark quantum chemistry

• Explore fluoride sideband extraction of Ac

• Measure isotope shifts with molecular spectroscopy

15 shifts without protons, 14 shifts with protons, in 2 runs

What we want to measure

• Low-lying vibronic structure 

• Isotope shifts in 225-230AcF

• Ionization potential

• Dissociation energy
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Thank you!
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Atomic Ac yields at ISOLDE (Results from IS637)

K. Dockx, PhD Thesis (in preparation).

Private communication.
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TISD for LISA (June 2021)
• Target #638: UCx Re surface source with RILIS

• @ 2100˚C
• 225Ac: laser enhancement on FC490

• 2.2·107 ions / μC

• Close agreement with K. Dockx
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Surface ionized background

Without CF4

With CF4

In-source dissociation of larger molecules
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VD5 beam composition
• Background with VD5 w/ and w/o CF4

• VD5 failure prevented further investigation

• TISD beam request for I-216, I-224, I-227
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In rovibronic transitions 

(high-resolution):

• P-branch: 𝐽′ = 𝐽′′ − 1
• Q-branch: 𝐽′ = 𝐽′′

• R-branch: 𝐽′ = 𝐽′′ + 1
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Σ+ ← Σ+
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Π+ ← Σ+
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Π+ ← Π+
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Δ+ ← Π+
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Dissociation energy of 225AcF

• An accurate measurement of the 

dissociation energy of 225AcF can be 

explored towards a pathway for the 

enhanced extraction and isolation of the 

medical isotope 225Ac
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Dissociation energy of 225AcF

• Measure diagonal (𝜈′ = 𝜈′′) and non-

diagonal (𝜈′ = 𝜈′′ + 1) transitions
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Dissociation energy of 225AcF

• Find their difference to indirectly extract 

the 𝜈′ + 1 ← 𝜈′ transition in the upper 

state
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Dissociation energy of 225AcF

• Continue with higher-𝜈′′ diagonal and 

non-diagonal terms

• Stop when the peak intensity falls below 

the background level
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Dissociation energy of 225AcF

Area under the plot:

dissociation energy D0

• Create LeRoy-Bernstein-modified Birge-Sponer 

plot with the measured points to extract D0.

* Wilcomb & Bernstein, J. Mol. Spectrosc. 62, 442-448 (1976)

*


