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Prospects for radium molecules 
to search for new physics
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Radium nucleus

Gaffney et al., Nature 497, 199 (2013)



Amplifier

new physics new physics

~100-1000x 1000x

Total Enhancement: ~105-106

Chou et al., Nature 545, 203 (2017)
Schmidt et al., Nature 530, 457 (2016)
Patterson, PRA 97, 033403 (2018)

Kozyryev & Hutzler, PRL 119, 133002 (2017)
Flambaum, PRC 99, 035501 (2019)

Cairncross et al., PRL 119, 153001 (2017)

Haxton & Henley, PRL 51, 1937 (1983)

Verma, Jayich & Vutha, PRL 125, 153201 (2020)



T-violation benchmark

RaSH+, 1 s  

~10-12:  YbOH, TlF, 225Ra, Xe, …

PaSH+, 100 s  

RaSH+, 100 s  
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strong CP problem: is small.

Wang et al., Nat. Commun. 12, 233 (2021)



Ra+ in 2018: uncertainties abound
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Laser-cooled radium



Lifetimes and branching fractions

Ra+ state

7p 2P1/2

6d 2D5/2

6d 2D3/2

7p 2P3/2

Lifetime Branching fractions

n/a

n/a

?, ?, ?

?, ??

?

?

≥ 232 ms

Versolato et al., Hyper. Interact. 199, 9 (2011)

Fan et al., PRL 122, 223001 (2019)
Fan et al., PRA 100, 062504 (2019)

≥ 7.3*(1) ns

≥ 3.8*(1) ns

301.5*(1.3) ms

625*(20) ms

0.9104(7), 0.0896(7)

0.87678(20), 0.10759(10), 0.01563(21)

Collaboration with Marianna Safronova & Sergey Porsev



Ra-226 transition frequencies

S1/2 

D5/2

D3/2

P3/2

Ra-226 Transitions

785 723(4)

Pre-2019 (GHz)

S1/2 P1/2

P3/2

S1/2 

D5/2

S1/2 

P3/2

D3/2

D3/2 P1/2

640 092(7)

423 438(6)

373 717(5)

…

…

…

Current (GHz)

785 722.11(3)

640 096.63(6)

423 444.39(3)

412 007.701(18)

362 277.68(5)

373 714.40(2)

277 818.95(8)

Fan et al., PRL 122, 223001 (2019)
Holliman et al., PRA 100, 062512 (2019)
Holliman et al., PRA 102, 042822 (2020)Rasmussen, ZP 86, 24 (1933)



Ra+
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Quantum jumps



Motional ground state cooling



Fock state engineering



A radioactive optical clock

Holliman et al., (under review)Sahoo et al., PRA 76, 040504(R) (2007)



Radium-225

Santra et al., PRA 90, 040501(R) (2014) Norrgard et al., RSI 89, 056101 (2018)



Desiderata



Molecules

RaOH+
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Optical mass spectrometry

Fan et al., PRL 126, 023002 (2021)



Optical mass spectrometry
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Optical mass spectrometry

Fan et al., PRL 126, 023002 (2021)
Yu & Hutzler, PRL 126, 023003 (2021)



Optical mass spectrometry

Fan et al., PRL 126, 023002 (2021)
Yu & Hutzler, PRL 126, 023003 (2021)



Optical mass spectrometry

Fan et al., PRL 126, 023002 (2021)
Yu & Hutzler, PRL 126, 023003 (2021)



Credit: Phelan Yu & Nick Hutzler

2.85 Å

1.35 Å
97.7°

Ab initio estimate:
DFT/B3LYP
cc-pVTZ/ECP78MDF
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Last week’s chemistry project: H2S



RaSH+ ??



RaSH+.



New trap and stimulated Raman transitions

Brewer et al., PRL 123, 033201 (2019)

Chou et al., Nature 545, 203 (2017)

1064 1064

Lin et al., Nature 581, 273 (2020)
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