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Study of RaF− anions at CRIS



P-violation

Antimatter

Matter

Major Open Questions in Physics and Cosmology

Why is there more matter? What is Dark Matter?
Are there 

new particles?
Strong CP problem

New sources of Time-reversal (CP) violation 
in nuclei can solve all of these problems

Time-reversal violation 
Electric Dipole Moment (EDM)
Of fundamental particles

EDM=0EDM > 01



Hmol = He+ Hvib+ Hrot+ … + Hhfs+ HPV+ HPTV
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Why (Radioactive) Molecules? 

●

Radioactive molecules => Best of all worlds! 

Electric field ~ 100 GV/cm

[Sandars Phys. Rev. Lett. 18, 1396 (1967)]
[ACME, Nature 562, 355 (2018)]
[Roussy et al. Science 381, 46 (2023)]2
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Why (Radioactive) Molecules? 

●

Radioactive molecules => Best of all worlds! 

225Ra
 Large Z, A

 Nuclear spin I >0

 \β2 β3 |> 0

[Gaffney et al. Nature 497, 199 (2013)]
[Parker et al. PRL 114, 233002 (2015)]
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[RaF: Isaev et al. PRA 82, 052521 (2010)]



Exploring The Entire New Physics Discovery Window With
Standard Model Sensitivity Within Our Lifetime

Known CP violation

Figure thanks to Demille, Hutzler, Jayich, …
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Exploring The Entire New Physics Discovery Window With
Standard Model Sensitivity Within Our Lifetime

Future

prospects 

Known CP violation

Figure thanks to Demille, Hutzler, Jayich, …

100 ms, 
104 molecules, 
15 days

100 s, 
107 molecules 
1 year

CKM

𝜃𝑄𝐶𝐷
BSM

3



4

co
u

n
ts

Freq. 

Recent Results (RaF)

IP

5
3

2
6

4
5

RaF

RaF+

RaF Molecules @ CRIS/ISOLDE
• CERN-INTC-2018-017 / INTC-P-546 (2018)
• CERN-INTC-P-555 (2020)
• CERN-INTC-P-555-ADD-1 (2023)



Recent Results (RaF)
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Recent Results (RaF)
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[Konstantin et al 2403.09320v2 (2024)]

A possible path to cool and trap RaF
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Study of RaF− anions at CRIS

?



• 2 shifts to obtain a CRIS resonance with RaF and to optimize the beam tuning andlaser

setup.

• 3 shifts to perform systematic studies of RaF with varying target and CEC temperature.

• 4 shifts to study the production of RaF− after the CEC. This includes systematic studies of 

the CEC temperature.

• 3 shifts to study the photodetachment of RaF− into RaF.

Beam time request

7

TAC recommendation: 
• RaF done before, no concerns.
• The TAC does not see any particular issues with this proposal





Study of RaF− anions at CRIS - II

GANDALPH

INTC-I-225

Nichols et al. Preparation of negative ion beams for the 
determination of the electron affinity of polonium by laser 
photodetachment
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[Source: D. DeMille. Manipulating Quantum Systems: An Assessment of Atomic,Molecular, and Optical Physics in the United States (2019)]

eEDM Limits

Probing physics @ TeV scale!



[Baron et al. Science 343, 269 (2014)]
[Sandars Phys. Rev. Lett. 18, 1396 (1967)]
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Molecules for studies of electron EDM

Eeff~80 GV/cm
Eeff~20 GV/cm

|d
e
| ≤ 4.1 x 10-30 e · cm

[Roussy et al. Science 381, 46 (2023)]

E
ext

~1-10 V/cm

(< 10 𝝁Hz)

[ACME, Nature 562, 355 (2018)]


