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Dark Matter

Gravitational potential from weak lensing

Observations
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Exotic Spin-Dependent Force

Scalar and Pseudoscalar Coupling (Axion)
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Vector and Axial Vector Coupling (Z’)

New macroscopic forces?

J. E. Moody* and Frank Wilczek
Institute for Theoretical Physics, University of California, Santa Barbara, California 93106
(Received 17 January 1984)
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Phys. Rev. D 30, 130 (1984).
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Spin-dependent macroscopic forces from new particle
exchange

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




Review

Fifth Foree?
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Exotic Boson

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




Electron Spin Source

8"Rb (Wang et al., 2022)

Ne = 0.06, p, = 0.31 low polarisation limit

(Jackson Kimball, 2015)

na ~ 3.8 x 10" (Wang
et al.; 2022)

SmCos (Heckel et al., 2008; Ji et al., 2017)

Alnico 5 (Heckel et al., 2008)

Iron (Heckel et al., 2013; Ji et al., 2017; Almasi
et al., 2020)

Dy-Fe alloys (Chui and Ni, 1993; Ritter et al.,
1990)

n. = 0.51 (Heckel et al., 2008)

ne = 0.95(Heckel et al., 2008)

n. = 0.96 (Ji et al., 2017)

ne ~ 4.2 x 10% @ 0.96 T
(Heckel et al., 2008)

ne ~ 7.8 x 10*2 @0.96 T
(Heckel et al., 2008)

ne ~8.2x 102 @1T (Ji
et al.; 2017)

ne ~ 1.5 x 10** (Chui and
Ni, 1993)

DyIG (Leslie et al., 2014)

pentacene (Rong et al., 2018a)

ne ~ 8 x 10%° (Leslie et al.,
2014)

ne ~ 1.62 x 10'® (Rong
et al., 2018a)

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




Iron Shielded SmCo5 (ISSC)

O Sm
M=YM;+M, =0 @ Co

® Fe

— Orbital M,
M; = YM; # 0 # 2RI,

Ultra-low magnetic leakage! (< uT)
Ultra-high spin density! (10%2/cm3)

Wei Ji et al, PRD, 95(7):075014,(2017)




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
ol o2
i e-e coupling o
Princeton 2020 M. Romalis Group PHYSICAL REVIEW LETTERS 125, 201802 (2020)
e-n coupling
Our Team 2023 Wei Ji et al, PRL, 130:133202,(2023)

e-p coupling




Dipole-Dipole in Axion window

Axion Window (10ueV — 1meV)
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Z. Xu et al, Phys. Rev. Lett. 134, 181801 (2025)
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Fifth Force Experiment

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

Morgan W. Mitchell et al, RMP,92, 2020
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Dynamics of Ferromagnet

Atomic Vapor Cell
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Spin Projection Noise
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a Gilbert damping rate.

Ferromagnetic Magnet

g

Spin correlation

T, coherence time
N number of spins

y = _a gyromagnetic ratio
guB

D. Budker

DF Kimball Alex Sushkov

t3/2 vs t1/2 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)

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

LeMaMa: Levitated Magnet Magnetometer

(@) O dc SQUID

(b) {} dc SQUID
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F. Ahrens, W. Ji et al,PRL,

134, 110801 (2025)
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Magnetic Sensors

Z. Zhao et al, Nat. Sci. Rev. 10, nwad100 (2023). Nitrogen Vacancy in diamond
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S. P. Alvarez et al, PN

AS 119,6,2115339119 (2022) Cold atom spinor
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Applications in New
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Parameter Existing Future Freefall
Ferromagnet radius R 20 pm 2 mm 2 cm
Ferromagnet magnetization M 7x10° A/m
Ferromagnet density p 7400 kg/m’
Temperature T 4 K 50 mK 300 K
Dissipation rate y 10~2 Hz 2 x 107 Hz 10~1° Hz
Azimuthal trapping V,, 10~ J 1073V gy 7%1072 ]
Energy resolution ky = k 1000% h h
Polar coupling 7, 1.1x 1077 /7 3.7x 1073 /] 1075 V/J
Azimuthal coupling 7, 5% 107 /7 3.7x 1073 /7 1073 /]
=g 9.1 x 1077 /T 4.6 x 1073 /] 2.5 VJ
fiiproad) 6.4 x 1077 /] 3.6 x 1073 /T 1073 /7
e 1077 V3 1.1x 107* /7 10+ \v/J
w; 27 % 0.53 Hz 27 %X 5.3 x 107 Hz 27 x5.3x 1077 Hz
Vog 27 x 4.9 x 10° Hz 27 x 1.6 x 107 Hz 27 x 0.12 Hz
27 x 1.2 x 10* Hz 27 x 1.6 x 10* Hz 27 x0.12 Hz
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Ferromagneic Gyroscope

 Einstein Elevator (@ Hannover)
precession

CTT  Test duration: 4 s
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Total height: 40 m

Repetition rate: 300 tests per day

Pay load: 1t

nutation

Size of experiments: @ 1.7 m x 2

m

Residual acceleration: 1e-6 g
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Exotic Spin-Dependent Force

New Interaction Axion and ALPs
He
\1/ \\1/
Tqu Ag(;o;,and ALPs a Dark Matter Halo
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Axion Gradient coupling
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ChangE Experiment: Dark Matter

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

Alkali spins

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

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