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Matter-antimatter Asymmetry Similar amount of matter and DM

Strong-CP problem Hierarchy problem

Dark Energy



¨ A gross misunderstanding of gravity (MOND, …) ???
¨ Proca MHD (finite photon mass)            L?
¨ Black holes, dark planets, interstellar gas, … L?
¨ WIMPS    J
¨ Ultralight bosonic particles

¡ Axions (pseudoscalar) J
¡ ALPs (pseudoscalar) J
¡ Dilatons (scalar) J
¡ Vector  particles J
¡ Tensor particles ???

¨ Antiquark Nuggets (AQN) !!!J!!!
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Snowmass White Paper: Precision Studies of 
Spacetime Symmetries and Gravitational Physics

Quantum Sensors for High Precision 
Measurements of Spin-dependent Interactions
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• NMR (CASPEr)
• Spin-based sensors for DM: masers, spin amplifiers
• Spin-based sensors for fifth-force searches (single NV, cells)
• GNOME, clock networks, hybrid networks
• Gravimeters
• Atomic spectroscopy 
• Antimatter

• Levitated magnets
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Cancel unwanted signals

ü Atomic scale

ü Near surface

ü Precise quantum control

ü NV + AFM

Shorter force range

Good sensitivity
Features

Utilizing single-spin sensor to search for exotic interactions

NV centers in diamond: single-spin sensors Diagram of the setup: NV sensor + AFM

Prof. Xing Rong (USTC) 9
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Previous catalogs:

• J. E. Moody and F. Wilczek, Phys. Rev. D 30, 130 (1984)
• B. A. Dobrescu and I. Mocioiu, J. High Energy Phys. 11 (2006)



Monopole-dipole interaction Dipole-dipole interaction Velocity-dependent 
monopole-dipole interaction

Several searching results with NV sensors 

Phys. Rev. Lett. 121, 080402 (2018)Nature Communications 9,739 (2018) arXiv : 2009.09257 (2020)
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Possible sources Contribution to the 
phase factor（rad）

Tuning fork < 10-3

Charges on the mass < 10-4

Casimir Force < 10-5

Diamagnetism of the mass < 10-10

Effect due to the moving dielectric < 10-15

Nuclear spin in the mass < 10-15

Velocity-dependent monopole-dipole interaction

Non-zero phase factor  

arXiv : 2010.15667 (2020)

One search yields nonzero signal !

Velocity-dependent

We analyzed several possible sources of the observed 
signal and they cannot explain the nonzero signal. 
Further experiments are being carried out to figure out 
the possible source of this signal.
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• Proposal: M. W. Krasny (2015)

• Up to 1017 photons/s with energies up to 400 MeV

• Physics with primary, secondary, and tertiary beams

• “Table-top” physics with the LHC ? 



15

relativistic

Photon-energy boost: 2𝛄L

Photon-energy boost: 2𝛄L× 2𝛄L 
backward emission angle: 1/𝛄L
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Is this possible?
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GF group is open to everyone willing to contribute to  this initiative!

Gamma Factory PBC study group 
90 scientists
35 institutes

>10 countries

Prof. Dr. 
Witold Krasny



Ann. Phys. (Berlin) 2020, 2000204
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duality

Light Source ⬌ Giant Ion Trap 

20D. Budker: Gamma Factory @ CERN 20



Optical Pumping of PSI

• Single-path polarization via optical pumping

• Both electronic and nuclear polarization

• Will polarization survive a round trip?

• If yes ☞ measure static and oscillating EDM

• Regardless ☞ nuclear-spin dependent parity violation
21D. Budker: Gamma Factory @ CERN 21
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• H-like and Li-like PSI

• Stark-PNC interference

• Circular dichroism

• ~10-6 for all Z
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DOI: 10.1002/andp.202100141

• Two-way speed via rotating cavities: dc2/c < 10-18 (20)

• One-way speed via asymmetric optical ring: dc1/c < 10-14

• One-way speed via e+e- beam orbit shape: dc1/c < 5!10-15

W. Bergan et al PRD 101,  032004 (2020)

@ GF: one-way speed to dc1/c < 10-17

State-of-the-art:



24

Ann. Phys. (Berlin) 
2021, 2100284
arXiv:2106.06584

https://doi.org/10.1002/andp.202100284
https://arxiv.org/abs/2106.06584
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Nuclear physics at the        : examples
• High-resolution spectroscopy of 𝛾-resonances

• Fano effect in 𝛾-resonances

• Giant resonances, pigmy resonances

• (γ, 𝛼) reactions: astrophysical S-factors

• Nuclear E1 polarizabilities, e.g., 208Pb(𝛾, 𝛾′)

• Parity-violating photophysics

• Lepton-pair photoproduction (e+,e- and µ +, µ-)

• Interaction of nuclear and electronic degrees of freedom (influence of the 

electron shell on nuclear lifetimes and electron bridge)
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G. Bellia et al. Z.Physik A 314, 1, 43-47 (1983)
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¨ The Gamma Factory @ CERN 
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Q : What  is  Important
in  (quantum) science ? 

A : the Wright connections !



30Berkeley, May 2003
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arXiv:2203.10269

Prof. Steven Weinberg
1933-2021

1+2 = 3?

https://arxiv.org/abs/2203.10269
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•Molecules
•Nuclei
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• D. Aybas, et al, Search for axion-like dark matter using solid-state nuclear magnetic resonance, Phys. Rev. 
Lett. 126, 141802 (2021)

• M. Jiang, H. Su, A. Garcon, X. Peng, and D. Budker, Search for axion-like dark matter with spin-based 
amplifiers, Nature Physics (2021) arXiv:2102.01448 (2021)

• H. Su, et al, Search for exotic spin-dependent interactions with a spin-based amplifier, Science 
Advances 7(47) (2021) arXiv:2103.15282

• S. Afach, et al, Search for topological defect dark matter using the global network of optical magnetometers 
for exotic physics searches (GNOME); Nature Physics (2021) arXiv:2102.13379

• N. L. Figueroa, et al, Dark matter searches using accelerometer-based networks, Quantum Sci. 
Technol. 6 034004 (2021)

• D. Antypas, et al, Fast apparent oscillations of fundamental
constants, ANNALEN DER PHYSIK 1900566 (2020)
• P. Fadeev, et al,Ferromagnetic Gyroscopes for Tests of 
Fundamental Physics, Quant. Sci. Tech. 6(2) 024006 (2021)
• C. Smorra, et al, Direct limits on the interaction of antiprotons 
with axion-like dark matter. Nature 575, 310-314 (2019)

https://doi.org/10.1103/PhysRevLett.126.141802
https://www.nature.com/articles/s41567-021-01392-z
https://arxiv.org/abs/2102.01448
https://www.science.org/doi/10.1126/sciadv.abi9535
https://arxiv.org/abs/2103.15282
https://www.nature.com/articles/s41567-021-01393-y
https://arxiv.org/abs/2102.13379
https://doi.org/10.1088/2058-9565/abef4f
https://doi.org/10.1002/andp.201900566
https://iopscience.iop.org/article/10.1088/2058-9565/abd892
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• Searches for UBDM

• The Gamma Factory

• Weinberg’s QM extension1+2 = 3?


