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Why (radioactive) molecules? J
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measure parity- and time-reversal violation

HmoI= He+ Hvib+ Hrot+ e ths+ HPV+ H

PTV
rt ot Pt
eV -2 102 105 10® <1012 <103

H -> Electroweak physics,
— PV 7' bosons, ...

w f i \ HPTV -> EDM, Axions, ...

1
é¢
* ’ HPV
He H vib H rot | H hfs " HPTV@

A T
E|B




Why (radioactive) molecules? ]
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Why radioactive molecules?
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Why radioactive molecules? ]

Nuclear Molecule
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[Gaffney et al. Nature 497, 199 (2013)]




Why radioactive molecules? ]
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[ RaF: An ideal candidate ]

Why ISOLDE?

> 225Ra (Z2=88), T,,,= 15 days
» Octupole deformation discovered
at ISOLDE

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

> Large production of RaF (>107 mol/s) v LargeZz A
at ISOLDE v" Nuclear spin | >0
v B, B3>0

+ predicted to be good laser cooling!
[Isaev, Hoekstra, Berger Phys. Rev. A 82, 052521 (2010)]

... BUT experimental knowledge of short-lived, radioactive
molecules was lacking




[ Single molecule sensitivity RaF |
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[ Single molecule sensitivity RaF |

P violation: Aw 1 With W(RaF)~50 Hz
— ~ - Flux = 1 molecule/s
HPV W 2v/2NotW - 1hmeasurement time

-t=1ms
/‘ \ => 10% uncertainty
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https://arxiv.org/abs/1302.5682



[ Recent Results (RaF) ]

[Garcia Ruiz, Berger et al. Nature 581, 396 (2020)]
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Recent Results (RaF)

“Hot” molecules can be super cool!

nature
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Article | Open Access | Published: 27 May 2020
Spectroscopy of short-lived radioactive molecules

R. F. Garcia Ruiz &, R. Berger &, [...]

Nature 581, 396-400 (2020) | Cite this article
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Spectroscopy of molecules with
unstable nuclei

Pinning down the energy transitions of radium monoflucride, and eventually other short-lived molecules,
could reveal the ways they are influenced by the properties of heavy radioactive nuclei.

Andrew Grant

physicsworld
ATOMIC AND MOLECULAR | RESEARCH UPDATE

Exotic radioactive molecules could reveal physics beyond the
Standard Model

05 Jun 2020

CHEMISTRY\\ORLD

Molecular experiments hope to reveal
new physics

Detecting extremely short-lived radium fluoride can explore standard
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Recent Results (RaF)
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New opportunities for nuclear structure studies
of the heaviest elements (e.g. ThO, PaO,...)

[Udrescu et al. Phys. Rev. Lett. 127, 033001 (2021)]
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Isotope Shifts of Radium Monofluoride Molecules

S. M. Udrescu et al.

Phys. Rev. Lett. 127, 033001 — Published 14 July 2021
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Recent results: Precision experiments (RaF)

2H1/2 — 221);2 OI_"'O‘
_ 8
12007 226pa(1=0)F "
(0]
1000 = B
® 4
800 - o o
y L, e 2
600 - .!
Jr—s ” ®
a00{¥—4
—10 0

Hyperfine structure

cPs
(%]
.
-
o2

223Ra(1=3/2)F
™00 MHz

Rotational Structure

226Ra(I=0)F

Experiment is
ongoing as we speak
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Symmetry-violating measurements with RaF
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Slow, and cold molecules
are needed!




[ Recent Results (RaF)

[Garcia Ruiz, Berger et al. Nature 581, 396 (2020)]
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Symmetry-violating measurements with RaF
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Symmetry-violating measurements with RaF
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RaF-+ 7 => RaF +e¢

(photo detachment)

RaF*+ 2(Na) => RaF- + 2(Na®)

(Charge exchange)
Timeline
2021 2022 2023 2024

Design and Acquisition and construction Commissioning and Proof-of-principle with RaF- ions. Symmetry violating
simulations of experimental equipment experimental test with BaF Trapping and cooling of RaF measurements



Radioactive molecules offer unique opportunities to test the
violation of fundamental symmetries and look for new physics

News + News : Topic: Physics
News + News . Topic: Experiments

Voir en frangais Voir en frangais

First observations of short-lived ISOLDE scores a first with laser
pear-shaped atomic nuclei spectroscopy of short-lived

An international team at the ISOLDE radioactive-beam facility at CERN has shown that . o

some atomic nuclei can assume asymmetric, "pear"” shapes ra d I Oa Ct |Ve m OIec u I es

8MAY,2013 | By Stephanie Hills The result represents an essential step towards using these molecules for fundamental

physics research and beyond Ra F

27 MAY, 2020

ISOLDE @ CERN offers an ideal place
to perform these studies
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NEW OPPORTUNITIES FOR FUNDAMENTAL PHYSICS RESEARCH WITH
RADIOACTIVE MOLECULES WORKSHOP =

June 28, 2021
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