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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



Frank Wilczek：

…我们认识到这个对称性意味着存在一种性质非常不一样的粒子——轴子

（axion）（我用了一种洗衣粉的名字来命名这个粒子，因为它用轴矢流“清

除”了一个问题）

“关于轴子物理已经有了大量的工作，也开过几次专门或部分讨论轴子的

国际会议。经过多年大量的检验，它的核心思想发生了演化并且成熟了。另一

方面，其他解决强P、T问题的方案的说服力都不能与之相比。

现在基础物理和宇宙学的一个重要

目标是，要么证实轴子的存在，要么否

定它。最近，世界上关于轴子的研究活

动激增，表明这已经是一个被广泛接受

的看法。”

Axion：named by F. Wilczek



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



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

Axion

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



eF2(0)/2m: anomalous magnetic moment；

-eF3(0)/2m: EDM

H.Yan*, G.A.Sun, S.M.Peng, H.Guo, B.Q.Liu, M.Peng, H.Zheng, European Physical Journal C, 79：971 (2019)

ℒ𝐼 = ത𝜓 𝑔𝑆 + 𝑖𝑔𝑃𝛾5 𝜓𝜙

The electromagnetic vertex correction contributed by new interactions



ℒ𝐼 = ത𝜓 𝑔𝑆 + 𝑖𝑔𝑃𝛾5 𝜓𝜙

The one loop level calculation:



The Anomalous Magnetic Moment of the Muon in 2021

B.Abi et al, Measurement of the Positive Muon Anomalous Magnetic Moment to 0.46ppm, Physical Review Letters, 126, 141801(2021)

⚫ The experimental value of the muon's anomalous magnetic moment from 

Fermilab in the United States differs from the theoretical result derived from the 

Standard Model by 4.2σ

⚫ Previously, the measurement results from Brookhaven National Laboratory (BNL) 

in the United States in 2006 showed a difference of 3.7σ between the two.



Applications to the Muon

H.Yan*, G.A.Sun, S.M.Peng, H.Guo, B.Q.Liu, M.Peng, H.Zheng, European Physical Journal C, 79：971 (2019)



Applications to the electron：

H.Yan*, G.A.Sun, S.M.Peng, H.Guo, B.Q.Liu, M.Peng, H.Zheng, European Physical Journal C, 79：971 (2019)



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


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)



H.Yan and W.M.Snow, Phys. Rev. Lett.110, 082003(2013).

dj

dL
< 9.2´10-7rad /m

Probing VA-Type Interactions Using Neutron Spin Rotation in Liquid Helium



The Rough Concept of a Proposed Experimental Scheme for Muons

H.Yan*, G.A.Sun, S.M.Peng, H.Guo, B.Q.Liu, M.Peng, H.Zheng, European Physical Journal C, 79：971 (2019)



Conclusion & Discussion:



Many of these interactions could potentially be spin-dependent.

Conclusion & Discussion:




