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Parity Violation
!𝑃	𝜓 𝑟, 𝑡 = 𝜓 −𝑟, 𝑡Parity operator:
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Parity not conserved in weak interaction.

Weak interaction bosons W± (𝑚!= 80 GeV),  Z0 (𝑚"= 91 GeV) – heavy; pointlike interaction 

Z0-exchange between an electron and protons/neutrons => atomic parity violation.
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Atomic Parity Violation
“Fermi theory”:  Z0-boson exchange as a point-like interaction
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There are more 
spin-dependent
APV effects:



Spin-Independent APV
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2

𝐶"$ =
1
2 1 − 4 sin% 𝜃&

𝐶() ≫ 𝐶(*

𝜃&  – Weinberg angle, sin% 𝜃& ≈ 0.239 
       (low energy SM prediction) 

Effect comes 
mostly from neutrons!
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Assuming  𝜌$ 𝑟 ≈ 𝜌# 𝑟 ≈ 𝜌 𝑟
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Spin-Independent APV
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Neutron-skin correction to the weak charge	𝑄+ :
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Spin-Independent APV: neutron skin



✨New Physics✨ Spin-Independent APV
Consider a Z’ boson of mass 𝑚01 ≪ 𝑚0!  . 
Interaction between electrons and nucleons no longer pointlike.

Modelled with a Yukawa potential: 𝑍′
𝑉 𝑟2 − 𝑅3 =

𝑔23
4𝜋

𝑒$4"# 6⃗$$7%

𝑟2 − 𝑅3
𝛾%

Likewise, may be parametrized as a correction to the weak charge 𝑄+ : 

𝑄G	= 𝑍 1 − 4 sin, 𝜃G −𝑁 +𝑁∆𝜌JK + 𝑍∆𝑄3JLM +𝑁∆𝑄4JLM
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Integrated over nucleus:



Our Isotopes
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(CREX 2022) (PREX-II 2021)
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We consider H- and Li-like ions with these nuclei
& calculate matrix elements and APV amplitudes



APV in H- and Li-like ions
• APV-induced E1 amplitude between 𝑎 → 𝑏 atomic levels
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• H-like ions ( 1𝑠 → 2𝑠 ):
term with m = 2𝑠 -ℎ&'( 2𝑝)/+  is dominant
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APV Calculation: Input parameters
𝜀8(,:;<=→? =X

)
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𝐸? − 𝐸)

+
𝑏 Z𝐷 𝑛 𝑛 !ℎ:;< 𝑎

𝐸= − 𝐸)

Li-like energy levels (CI-QEDMOD & GRASP):

Nuclear Fermi parameters 
(analysis of experimental data):

H-like energy levels tabulated in Yerokhin 
& Shabaev,  J. of Phys. and Chem. Ref. Data
44, 033103 (2015).

incl. frequency-dependent 
corrections to dipole ME
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Thank you!
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