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eEDM breaks Pand T

* Direct probe of CP violation
* Standard model predicts:
d,~0(1073%)e cm

* Beyond standard model
theories predict

d,~(10726-1073>) e cm

The NL-eEDM collaboration, Measuring the electric dipole moment of the electron in BaF, The European Physical Journal D, (2018)



eEDM in a molecule

* Lab and intramolecular electric field align
* 10 kV/cm > 10 GV/cm
* Other experiments use YbF, ThO and more
* Best set limit HfF*

d |< 4.1%1073% cm

BE
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Lab G

T. S. Roussy et al, An improved bound on the electron’s electric dipole moment, Science, (2023)



eEDM breaks P in molecule
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eEDM breaks P in molecule
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L The Experimental Setup J
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Sighal model from first principles

* PF=1(6' A, L, T, ‘Q‘P/S' éP/S' ch/s, E, B)
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Boeschoten, A et al. Spin-precession method for sensitive electric dipole moment searches. Physical Review A, (2024)



Sighal model from first principles

* PF=1(6' A, L, T, ‘Q‘P/S' éP/S' ch/s, E, B)
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Boeschoten, A et al. Spin-precession method for sensitive electric dipole moment searches. Physical Review A, (2024)



Measuring population of moleculesin a
certain state



PMT

Detection scheme
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- PMT
Detection scheme

* Limited by: 800 + 20 o
: L + 20 nm Tilter ==
* Light collection = 2% < >

* Quantum efficiency of detector = 8%
* 1in 1000 photons is detected

* Sighal
* 40 photons per shot

* Background light
* 30 photons per shot

ROL QP

815 nm laser -



Updated detection scheme

* High excited state D°X
* Known

* Found in 1990 by Effantin et al
* Approximate estimation of the energy

* Theory

* Decays with 78% two infrared photons

e Unknown

e Canweresolve F=0 and F=17?

Effantin, C, Studies of the electronic states of the BaF molecule, Molecular Physics, 70(5), 735-745, (1990)



Spectrum of the D*X 7 state
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Spectrum of the D*X 7 state
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Spectroscopy of DXt
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Impact

PMT

Background free

No Yes APD

A 4

800 + 20 nm filter Light collection

2% 20% <780 nm filter
'+ 100x more molecules

Quantum efficiency QOO QP q®
8% (PMT) 80% (APD)

3009 P q®

815 nm laser
405 nm laser
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J. W. F.van Hofslot et al, 2d transverse laser cooling of a hexapole focused beam of cold BaF molecules, (2025)



Impact

Background free
No Yes

’4'

Light collection
2% 20%

Quantum efficiency
8% (PMT) 80% (APD)

b4

[Increases sensitivity to eEDM by factor of 10}
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Conclusion

—_
F -

* eEDM powerful probe of CP violation

Contrast

o
W

* Background free detection
technique

* Improved light collection and ToEes / I 6[1\'4}61;3]355
detector

* Increased sensitivity on eEDM by a +
factor of 10
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All parameters are linked to physical processes

PF=1(5' A, t,T, 'QP/S ) éP/S' cI)P/SI E, B)

Hyperfine detuning &
Two-photon detuning A
Pulse timings Tt

Rabi Frequencies, (0p /s
Laser polarization ép /g,
Laser phase ®p /s

Electric field E

Magnetic field B

E-field strength, coherence
Light shift control
Laser phase

Quality of superposition
Quality of superposition
Time scales, pulse timings

Hyperfine splitting from Stark shifts

Spin alignment, E field angle
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[1] Boeschoten, A. (2023). Precision measurements in diatomic molecules: a route to a permanent electric dipole moment.
[Thesis fully internal (DIV), University of Groningen]. University of Groningen. https://doi.org/10.33612/diss.674231809

[2] Lasner, Z., & DeMille, D. (2018). Statistical sensitivity of phase measurements via laser-induced fluorescence withtoptical cycling
detection. Physical Review. A/Physical Review, A, 98(5). https://doi.org/10.1103/physreva.98.053823



https://doi.org/10.1103/physreva.98.053823
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Beyond the standard model
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RUG Van Swinderen Instituut, accessed 06-11-2025 at https://www.rug.nl/research/vsi/newtopics/electron-edm?lang=en. 27



eEDM breaks P, T
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* PF=1(6’ A, L, T, ‘Q'P/S' éP/S' CDP/SJ E, B)

X2zt { F=1
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(b)
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Example: information on E from detuning scan

* Pe1(6,0,t,T, Qp/s, épss, Pp/s, B, E)

* Each parameter has their own

fingerprint in the signal

* They can be distinguished from

a true EDM signal
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Molecular structure
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The permanent electron electric dipole moment (eEDM)

* Dipole moments -> linear energy shifts with electric/magnetic fields

H=uB + d,E
4 X
H = —uB +d,E H=uB —d,E

 Within molecules enhancement d, -» D¥* > 10° depending on molecule

The NL-eEDM collaboration. In: The European Physical Journal D, Vol. 72, No. 11, 197, 20.11.2018.



@, Normalised count rate
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Turning on infrared laser
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Turning on blue laser
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