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New Physics

Why does the universe 
look like this？

Dark Matter 
and
Dark Energy 

Fifth force?

Why do we exist?

Why more matter 
than antimatter

Strong CP problemDo spins couple to gravity?

How to include Gravity?
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Dark Matter

M33 Galaxy, Velocity v.s. Distance from the center

Fritz Zwicky
Coma Cluster 
1930s 5 times more than normal matter!

D. Clowe, et al. Astrophys. J. Lett. 648, L109 (2006)

Gravitational  potential from weak lensing 

X-ray emitting hot gas (Chandra)
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Dark Matter Mass Range
Wave-Like Particle-Like 

10!""eV 10𝜇eV − 1𝑚eV
keV GeVAxion Window 100TeV

Table-top Experiments

Ultralight Bosonic DM

ChangE CASPEr

Cavity Experiments

ADMX,
CAPP

SRF

Composite 
DMs & 
Primordial 
Black 
holes

James Webb 
Telescope

WIMPs DOPMPE

CDEX

PandaX

XENON, LUX,
Accelerator etc

Sterile 𝜈

Light DM
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Exotic Spin-Dependent Force
Scalar and Pseudoscalar Coupling (Axion)
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Phys. Rev. D 30, 130 (1984).

B. A. Dobrescu and I. Mocioiu, J. High Energy Phys. 11 (2006) 005.

Vector and Axial Vector Coupling (Z’)
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Review

Lei Cong,  Wei Ji et al, Rev. of Mod. Phys. 97,April-June,(2025)
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Electron Spin  Source

Lei Cong,  Wei Ji et al, Rev. of Mod. Phys. 97,April-June,(2025)
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Iron Shielded SmCo5 (ISSC)

𝐌!

𝐌"

𝐌 = ∑𝐌! +𝐌" = 0

𝐌"

𝐌!

𝐌𝐬 = ∑𝐌! ≠ 0

Ultra-low magnetic leakage! (< 𝜇𝑇)
Ultra-high spin density! (10$$/𝑐𝑚%)

SmCo#

Iron
Soft Magnetic

Hard Magnet

Wei Ji et al, PRD, 95(7):075014,(2017)
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Works that used ISSC source

Our Team 2018 Wei Ji et al, PRD, 95(7):075014,(2017)
Wei Ji et al, PRL, 121: 261803,(2018)

e-e coupling

Princeton 2020 M. Romalis Group

e-n coupling

Our Team 2023 Wei Ji et al, PRL, 130:133202,(2023)

e-p coupling
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Dipole-Dipole in Axion window
Axion Window (10𝜇eV – 1meV)

Z. Xu et al, Phys. Rev. Lett. 134, 181801 (2025)
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Fifth Force Experiment

ISSC

ISSC

Vapor

Z. Xu et al, Phys. Rev. Lett. 134, 181801 (2025)

𝑉! =
𝑔"𝑔"ℏ!

16𝜋𝑐𝑚#𝑚$
[ +𝝈# ⋅ +𝝈$

1
𝜆𝑟$

+
1
𝑟!
+
4𝜋
3
𝛿(𝑟) − (+𝝈# ⋅ 7𝒓)(+𝝈$ ⋅ 7𝒓)

3
𝜆𝑟$

+
3
𝑟!
+

1
𝑟𝜆$

]𝑒%&/( ,



12

Magnetic field Sensors

Morgan W. Mitchell et al, RMP,92, 2020

Energy Resolution Limit
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Dynamics of Ferromagnet

Spin correlation 

Ferromagnetic MagnetAtomic Vapor Cell

𝑇$ coherence time
𝑁 number of spins
𝛾 = ℏ

'(!
gyromagnetic ratio
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Spin Projection Noise

• 𝑡%/$ vs  𝑡,/$ internal noise for 
correlated system, but 
external noise for 
uncorrelated one .

• Larger N number for solid 
system.

• 7 orders of magnitude smaller 
noise for same spin numbers!

• Much smaller size!

Kimball et al, PRL 116, 190801 (2016)

D. Budker DF Kimball Alex Sushkov

LEMAQUME（LEvitated MAgnets for QUantum MEtrology）
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LeMaMa – Superconducting Levitation

LeMaMa: Levitated Magnet Magnetometer “悬铁”磁强计

F. Ahrens, W. Ji et al,PRL, 134, 110801 (2025) 
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Magnetic Sensors

F. Ahrens, W. Ji et al,PRL, 134, 110801 (2025) 
S. P. Alvarez et al, PNAS 119,6,2115339119 (2022) Cold atom spinor 

Z. Zhao et al, Nat. Sci. Rev. 10, nwad100 (2023). Nitrogen Vacancy in diamond
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Applications in New Physics

S. Kalia et. al, Phys. Rev. D 110, 115029 (2024)
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Thanks!

wei.ji@pku.edu.cn
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Ferromagneic Gyroscope

nutation

precession
• Einstein Elevator (@ Hannover)

• Test duration: 4 s

• Total height: 40 m

• Repetition rate: 300 tests per day

• Pay load: 1 t

• Size of experiments: Ø 1.7 m x 2 

m

• Residual acceleration: 1e-6 g
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Exotic Spin-Dependent Force
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Axion Gradient coupling

He

Axion and ALPs 
Or  Z’

New Interaction

Dark Matter Halo

Axion and ALPs
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ChangE Experiment: Dark Matter

Break Astrophysical Limit!

https://github.com/cajohare/AxionLimits/blob/master/docs/app.md

(Coupled Hot Atom eNsembles to search for liGht dark mattEr)

Wei et al, Rep. Prog. Phys. 88 (2025) 057801 (16pp)


