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Isotope Shift in Molecules
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S.M. Udrescu et al., “Isotope Shifts of
Radium Monofluoride Molecules”,
Physical Review Letters, Accepted.

Isotope Shift of RaF - Results
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Isotope Shift of RaF - Results
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Isotope Shift of RaF - Results
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Isotope Shift of RaF - Results
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Future Isotope Shift Measurements

* New opportunities for nuclear studies of heavy elements (e.g. ThO, PaO)
e Exploration of the nuclear octupole deformation through the charge radius
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Isotope Shift - Open questions

What elements can be more easily studied in molecular form?
What can we learn from V4, and V1 ?
Can we do systematic studies of spin dependent effects along isotopic
chains?
Can we use isotope shift in molecules to search for new forces and
particles (e.g. King plot non-linearities)? What are the advantages
compared to atoms?

* More transitions

* More sensitivity to lighter mediators
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Isotope Shift — King plot nonlinearity
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K. Gaul, R. Berger

Isotope Shift — King plot nonlinearity
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High Resolution spectroscopy of #%°RaF
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High Resolution spectroscopy of “°RaF
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Results (R-branch)
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Outlook (Short-term)

* Increased statistics for the fine structure of 22°RaF (+ higher lying
electronic states)

* Measurement of the hyperfine structure of 223RaF (spin 3/,) and
225RaF (spin )

* Measurement of more RaF isotopologues at higher resolution
* Measurement of the RaF ionization potential

* Better multi-step excitation scheme development

|

Nov-Dec 2021
CRIS-ISOLDE,
CERN
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Outlook (Long-term)

* How can we increase the population in the
vibrational ground state after the neutralization
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Outlook (Long-term)

* Experimental demonstration of trapping and laser cooling of RaF

e Searches for new particles and forces (e.g. King non-linearity in
isotope shift measurements)

* Measurement of hadronic parity violation (anapole moment)

 Searches for P,T-odd effects (e.g. electron EDM, Nuclear Shiff
moment, MQM)

e What else?



Thank you!
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Backup slides



Normalized Intensity / cm-1
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Measured |sotope Shift
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RaF™t

RaF Hamiltonian
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Fitting procedure

Parameters needed: Constraints:

* Ground electronic state:
* B, —free parameter [1] Y = —2BgAg, [1]
* Dy —low resolution data p=—2B,
* ¥ —theory X

* Excited electronics state: D — 4B
B, — high resolution data w?
* D, —low resolution data
* p—theory

e T—low resolution data

[1] TA Isaev and R Berger, “Lasercooled radium monofluoride: A
molecular all-in-one probe for new physics,” arXiv preprint
arXiv:1302.5682 (2013).



Fitting procedure

Parameters needed: Constraints:
* Ground electronic state:
+ By — free parameter VR(J+2) ~ 2VR(+1) T VR()) = 2(Be — By)
* Dy —low resolution data
e y —theory

e Excited electronics state:
* B, — high resolution data
* D, —low resolution data
* p—theory
e T—low resolution data



223RaF

* Fine structure similar to 22°RaF — small isotope
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223RaF
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Resonant ionization scheme

RaFT

* Resonant laser: I —

e Dye laser (pulsed)
* 10 GHz (0.3 cm™1) linewidth

RaF

(S
* 100 yJ §
* lonization laser: e
* Nd:YAG laser (3" harmonic) AL ) 3 -
« 1 =355nm fpsotine .t § é
* 100 Hz repetition rate 3 N =
* 30 m x 23+ —L—£0 =

RF Garcia Ruiz, et al., “Spectroscopy of short-lived radioactive
molecules,” Nature 581, 396—400 (2020). o6



Resonant ionization scheme

 Resonant laser 1 RaFt
* Injection seeded
* 50 MHz linewidth
e 200 ] RaF

e Resonant laser 2
* PDL
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Why Radium Monofluoride (RaF)?

* Increased sensitivity to P-odd, T-even effects
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Why Radium Monofluoride (RaF)?

* Increased sensitivity to P, T-odd effects
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Experimental Setup

Hot molecules = Doppler broadening

Energy spread
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Isotope Shift of RaF - Results

, My — M 1/2 J(J +1 ,
S :K’( ]\‘;AMAA)—|—(AVOO+V+ 2 vy + T A D )5(r2>AA

Method AVO’g’H_Z AV{%’H_Z A(ﬁf)n_E
exD. 20.839(33) 15)
FSCCSD 10.795(82) -0.014(150) 371(38)
FSCCSDc -0.823(85) ( 40)




Isotope Shift — King plot nonlinearity
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