
Searching for Axions and Axion-Like 
Particles via Spin-Dependent Interactions

H.Yan

Institute of Nuclear Physics and Chemistry, CAEP



l Background

l Magnetometer array study

l Constraints at Astrophysical distances

Outline



PQ Mechanism：Proposed by Peccei and Quinn In 1977

R.Peccei与H.Quinn

A new global symmetry is introduced and spontaneously broken：



S.Weinberg与F.Wilczek

W&W: noticing axion generation simultaneously



Axions are predicted to be hard to detect, but
research physicists around the world are
designing and building instruments that could
be up to the job. If so, the ultimate explanation
for exceptions to T would be different from
Feynman’s joke and more in line with one of
Einstein’s:
“Subtle is the Lord, but malicious He is not!”

F. Wilczek：More than Just the Namer of Axion



Just a few hours ago:



1.The most elegant and promising solution to the strong CP problem in QCD;
2.Very hard to detect, couple to the ordinary matter very weakly—candidate for 
cold dark matter;

3.Axion and ALPs can mediate macroscopic interactions thus can be probed 
through the bosonic field they generate;
4. Spin dependent interactions can be propagated—polarized spins are needed.

Axions: mediating macroscopic interactions



Axion Like Particles: generalization

Spin 1 boson coupled Lagrangian：

1.Dobrescu et al: the propagator of the new interaction could be spin-1 particle；

2.Fayet noticed that spontaneous breaking of supersymmetry theory could 

generate spin 1 particle with light mass and weak coupling.

B. Dobrescu and I. Mocioiu, J. High Energy Phys. 11, 005(2006).
P.Fayet， Phys. Lett., 95B(2), 285, (1980).



超对称

The intersection of the most important problems in modern physics and astronomy
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Axions & ALPs:



A detective board: 



DarkOrdinary

To detect, you have to interact:



Dark OrdinaryOrdinary

To detect, you have to interact:

p1

p2



Three scalars to be measured：

1.σ·r      pseudo-Scalar, breaks P and T

2.σ·v     pseudo-Scalar, breaks P and C

3.σ·(v×r) scalar



SERF Magnetometers：

I. K. Kominis, T. W. Kornack, J. C. Allred & M. V.
Romalis, "A subfemtotesla multichannel atomic
magnetometer." Nature 422, 596 (2003).

based on polarized alkaline metal and have ultra high sensitivity

https://physics.princeton.edu/romalis/magnetometer/papers/Kominis%20et%20al.%20-%20A%20subfemtotesla%20multichannel%20atomic%20magnetometer.pdf
https://physics.princeton.edu/romalis/magnetometer/papers/Kominis%20et%20al.%20-%20A%20subfemtotesla%20multichannel%20atomic%20magnetometer.pdf


The proposed experiment scheme:

High speed rotating mass sources + magnetometer 
array
1.Modulation frequency~20Hz，40 times noise 
reduction；
2.Magnetometer array，increases statistics and 
cancels common-mode noise

The typical noise power density of a Rb 
magnetometer

K. Y. Wu, S. Y. Chen, J. Gong, M. Peng, and H. Yan， Phys. Rev. D 105, 055020（2022）



Data processing method：

30 days~10aT(10-17T) precision Phys. Rev. D 105, 055020（2022）



BGO
Servo motor

encoder

Pneumatic vibration isolated optical table

The experiment setup：

K. Y. Wu, S. Y. Chen, G. A. Sun, S. M. Peng, M. Peng, and H. Yan, Phys. Rev. Lett. 129 051802 (2022)



Main results:

K. Y. Wu, S. Y. Chen, G. A. Sun, S. M. Peng, M. Peng, and H. Yan, Phys. Rev. Lett. 129 051802 (2022)



Astrophysical limits：hard to exceed

C. A. J. O’Hare and E. Vitagliano, Phys. Rev. D 102, 115026 (2020).



Using the Sun as a source：

L.Y.Wu,K.Y.Zhang, M.Peng, J.Gong H.Yan, PRL,131,091002,(2023)



Earth’s rotation as a modulation:

L.Y.Wu,K.Y.Zhang, M.Peng, J.Gong H.Yan, PRL,131,091002,(2023)



Effective field perpendicular to the Earth’s rotation axis：

Lorentz violation experiment： F. Allmendinger et al, PRL 112(11),110801, (2014).

L.Y.Wu,K.Y.Zhang, M.Peng, J.Gong H.Yan, PRL,131,091002,(2023)



SP type interaction—exceed the astrophysical limit：

Exceeds the astrophysical limit by ~70 times

σ·r

L.Y.Wu,K.Y.Zhang, M.Peng, J.Gong H.Yan, PRL,131,091002,(2023)



VA type interaction：limits improved by many orders σ·v

L.Y.Wu,K.Y.Zhang, M.Peng, J.Gong H.Yan, PRL,131,091002,(2023)



AA Type interaction：established constraints at astronomical distances

σ·(v×r)

L.Y.Wu,K.Y.Zhang, M.Peng, J.Gong H.Yan, PRL,131,091002,(2023)



Conclusion & Discussion:



Many of these interactions could potentially be spin-dependent.

Conclusion & Discussion:




