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in Tl, Pb, Bi (Seattle, Oxford, Novosibirsk)

1978 — APV observed for first time in Bi at Novosibirsk, Russia

Best:

— first confirmation of neutral electron-nucleon weak interactions, before SLAC

1975 — Bouchiat and Bouchiat proposed Stark-interference method

1997 — Wieman group measured APV in Cs with 0.35% uncertainty

and observed nuclear anapole moment!

2019 — Budker group (Mainz) measured APV in Yb, uncertainty 0.5%,

along chain of isotopes "
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82 83
Pb | Bi
Thalliw Lead Bismuth
204 207 2 208 980

Measured — blue (rotation), (Stark);

Next-gen — red; New in progress/planned — green
Ginges and Borschevsky,

Encyclopedia of Particle Physics, in press (2026)
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» NNNN
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See, e.g., Ginges and Flambaum, Phys. Rep. (2004);
bottleneck bottleneck Safronova et al., Rev. Mod. Phys. (2018);

Engel, Ramsey-Musolf, Kolck, Prog. Part. Nucl. Phys. (2013)
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Nucleon Quark Particle

Experiments Nuclear

Molecules /’ﬁ/

Biochemistry

Ginges and Borschevsky,
in press (2026)
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scattering experiments, including from anapole
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- energies: S 0.1%

| . . . ,?
. E1 amplitudes: few 0.1 % ® What don't we understand about the wave functions in the nuclear region?

® It is rather the modelling of the nuclear magnetization distribution!!
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BW effect measured in several H-like ions, e.g., 203,205T],
208,209Bj, with ~ 1% uncertainty [MPIK; GSI Darmstadt]

Ad, = AL+ ") + Al

May be used to find BW effect in many-electron atoms!

Aexp = Ao(1 +x e%) + AQED

SCIr
T CH-like

electronic screening factor,
Independent of nuclear model! €atom — Fser CH-like

Nuclear structure uncertainty entirely removed from atomic calculations!

Ranclaud, Honours thesis (2020)
Roberts, Ranclaud, Ginges, PRA (2022)
Skripnikov, J. Chem. Phys. (2020) — for molecules; and observed!  Wilkins et al., Science (2025)
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BW data for muonic Cs!

—— Muonic Cs

- Atomic Cs
------ Nuclear density

10-¢ 104 10-2  10° 102
Radius (atomic units)

Elizarov, Shabaev, Oreshkina, Tupitsyn, Stoehlker., Opt. Spectrosc. (2006)



BV effect: from muonic atoms

BW data for muonic Cs!

—— Muonic Cs
- Atomic Cs

------ Nuclear density

10-6 10~% 102  10° 102

Radius (atomic units)

Empirically-deduced BW eftect (-€) in %

{-atoms H-like 10ns Atoms
U exp U exp H-like exp U EXp
133Cyg 18(14) 0.23(17) >0 0.24(18)
20377 50.8(1.6) 1.93(15) 2.21(3)
205T] 51.8(8) 1.98(15) 2.25(8)
2B 28.8(3.9) 0.98(14) 1.03(5)

c.f. Cs atom — SP

:0.21% ; SP(WS): 0.19(14)% ; uniform: 0.7%

Elizarov, Shabaev, Oreshkina, Tupitsyn, Stoehlker., Opt. Spectrosc. (2006)
Sanamyan, Roberts, Ginges, PRL (2023)



BV effect: from muonic atoms

BW data for muonic Cs!

—— Muonic Cs
Atomic Cs

------ Nuclear density

10-6 10~% 102  10° 102

Radius (atomic units)

Empirically-deduced BW eftect (-€) in %

{-atoms H-like 10ns Atoms
U exp U exp H-like exp U EXp
133Cyg 18(14) 0.23(17) >0 0.24(18)
20377 50.8(1.6) 1.93(15) 2.21(3)
205T] 51.8(8) 1.98(15) 2.25(8)
2B 28.8(3.9) 0.98(14) 1.03(5)

c.f. Cs atom — SP

:0.21% ; SP(WS): 0.19(14)% ; uniform: 0.7%

What about nuclear polarization?

Elizarov, Shabaev, Oreshkina, Tupitsyn, Stoehlker., Opt. Spectrosc. (2006)
Sanamyan, Roberts, Ginges, PRL (2023)



BV effect: from muonic atoms

What about nuclear polarization?

BW data for muonic Cs!

From H-like and muonic-atom experiments with
e atomic theory:
from H-like

. | /
—— Muonic Cs A;’;P — Aexp — AO — AQED — ABW

Atomic Cs :
------ Nuclear density

10¢ 10™* 1072 10° 107 0 j ::% :j >’ﬁ -pj 1

Radius (atomic units)

g DA
Empirically-deduced BW eftect (-€) in % ! !
p-atoms H-like ions Atoms Semi-empirical:  Axp < 0.1 Apw
j exp j exp H-like exp j exp Semi-analytical:  Axp ~ 0.001 Agw

133Cyg 18(14) 0.23(17) >0 0.24(18)
203771 50.8(1.6) 1.93(15) 2.21(8) Hopefully this may stimulate new experiments!
2057 51.8(8) 1.98(15) 2.25(8)
209B1 28.8(3.9) 0.98(14) 1.03(5) Elizarov, Shabaev, Oreshkina, Tupitsyn, Stoehlker., Opt. Spectrosc. (2006)

Sanamyan, Roberts, Ginges, PRL (2023)
c.f. Cs atom — SP: 0.21% ; SP(WS): 0.19(14)% ; uniform: 0.7% Vandeleur, Sanamyan, Smits, Valuev, Oreshkina, Ginges, PRL (2025)



Jake-nome points

For atomic APV and EDMs —

» Significant bottlenecks in interpretation due to large uncertainties in calculations of nuclear

symmetries-violating moments:

- Schiff moment, magnetic quadrupole moment, anapole moment

* Opportunities for exciting cross-disciplinary adventures to provide improved nuclear benchmarks and
insight into nuclear structure:

- Nuclear magnetisation distribution, higher-order (usual) nuclear moments including nuclear
octupole moment,...

Key to supporting development of nuclear theory and increasing discovery potential in atomic and
molecular experiments
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A glimpse of the theory

e Starting point: relativistic Hartree-Fock (RHF): Vi
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