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Discrete Fundamental Symmetries

Parity

Charge conjugation

CP symmetry 

Time reversal

CPT – Exact symmetry in 
quantum field theory with 
Lorentz invariance
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Measurement of the electric dipole 
moment (EDM) of 171Yb atoms in an 

optical dipole trap (ODT)
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Permanent EDM violates P-, T- symmetry

Induced EDM:         ������ = − �
�
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Permanent EDM:    ������ = −� � �

spin spin

• CP problem in strong interaction: θ term

• SUSY: New elementary particles new CP phase

• Origins of matter – antimatter asymmetry: New physical CP mechanism



Neutron, proton

Nuclear Schiff moment 
Diamagnetic Hg, Xe, Yb, 
Ra, Rn, TlF, AgFr, Yb(OH)

Electron
Paramagnetic
YbF, ThO, HfF+

Quark EDM

Quark chromo-EDM
4 fermions, 3 gluons

Electron-EDM, 
electron-quark force

New physics 
beyond SM: 
SUSY et al.

system Upper limit
(e-cm)

method Value in Standard
model (e-cm)

Electron 4 x 10-30 HfF+ trap, ThO beam 10-35

Neutron 2 x 10-26 Neutrons – bottle 10-32

199Hg 7 x 10-30 Atoms – vapor cell 10-34

171Yb This work Atoms – trap 10-34

Engel, Ramsey-Musolf, 
van Kolck, Prog. Part. 
Nucl. Phys. 71, 21 (2013)

PSI, US, Germany,
Japan, KAIST

ACME, JILA
Imperial college
ECNU

UWash, PTB, 
Argonne, USTC, 
CENTREX, UChicago

Searching for EDM in three different categories



The Seattle EDM Measurement

Courtesy of Michael Romalis
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The best limit on atomic EDM
EDM (199Hg) < 7 x 10-30 e-cm

Graner et al., Phys Rev Lett (2016)
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199Hg stable,  high Z,  groundstate 1S0,  I = ½,  high vapor pressure
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Optical Pumping 光抽运

7s2 1S0
F = 1/2

7p 3P1
F = 1/2

mF = -1/2

mF = +1/2

mF = +1/2

mF = -1/2

s+ 
Excitation

Fluorescence
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Measure EDM in an Optical Dipole Trap (ODT)
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H dE E    • Fiber laser:   l = 1036 nm,   Power = 10 Watts
• Focused to 50 mm   trap depth 60 mK

EDM in an optical dipole trap 
• v x E , Berry’s phase effects suppressed
• Cold scattering suppressed between cold Fermionic atoms 
• Rayleigh scat. rate ~ 10-1 s-1 ; Raman scat. rate ~ 10-12 s-1

• Vector light shift ~ mHz
• Parity mixing induced shift under control
• Conclusion: possible to reach 10-30 e cm for 199Hg

M.V. Romalis and E.N. Fortson, Phys. Rev. A 59, 4547 (1999)

Arthur Ashkin
2018 Nobel

Optical tweezer
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171Yb EDM Apparatus: Trapping + Science

�：electric field
�：precession time
�：atom number
�：spin − state detection efficiency
� ∶ time of average

Atom beam 
and trapElectrodes

Movable ODT (the “bus”)





Long spin coherence time (T2) 

• Vacuum-limited trap lifetime: 75 s

• EDM measurement precession time: 96 s

• Observed precession to: 300 s

• T2 : (9 ± 4) x 103 s (2.5±1.1 hr)
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171Yb EDM measurement results

Measurement of the EDM of 171Yb atoms in an ODT,  T.A. Zheng et al., PRL 129, 083001 (2022)
*****New limit on 171Yb EDM,  S.-Z. Wang et al., in preparation*****  

* Average ODT+ and ODT- to cancel parity-mixing systematic

� 171Yb = 0.3 ± 3.7���� ± 1.2���� × 10��� e cm

Upper limit (95%)  ： � 171Yb < 8 × 10��� e cm

* 19× improved over 2022 result 

ODT+ ODT
−

E 236 kV/cm
τ 75 s
n 15554 15730

�� ~ 1 × 10�

�� 0.5
�� ~ 1 pT

Preliminary result !!



Outlook #1

Upgrade: 171Yb EDM precision improves into E-28 e-cm 

 Larger E-field

 Longer trap lifetime 

 Less B-field noise

 Optical cavity

E-field
• 2024 setup: 300 kV/cm, copper
• Other works: 500 kV/cm, niobium - Ready et al. NIM A (2021)

B-field
• This work: ~ 3 pT over 100 s, Seebeck effect due to ODT heating
• Environmental noise: ~ 1 pT, use magnetometers
• Johnson noise: ~ 0.6 pT, use co-magnetometer (173Yb)



173Yb (I = 5/2) co-magnetometer

Zeeman shift Fz

Stark shift   (Fz)2

|+5/2⟩�

ODT tensor shift: �� = Ω(�)��
�

Problem: decoherence due to 
spatially varying ODT light shift

Prepare initial state:



173Yb (I = 5/2) co-magnetometer

Zeeman shift Iz

Stark shift   Iz2

Coherence time ~ 1400 s

+5/2                    Cat =
1
2
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�
2�

� = Ω �� − ��
�

� =
�

2Ω Ω = 2� � 0.5 ���

���ℎ − ���� �
2�  �����

Y. Yang et al., Minute-scale Schroedinger–cat state of spin-5/2 atoms
Nat. Photonics 19, 89 (2025)
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