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New Physics (Beyond the Standard Model)
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Intro

Axion: Peccei-Quinn-Weinberg-Wilczek (PQWW) Model

e Strong CP problem.

Q . _
Lep = S—ﬂﬁtr(GwG" ) 0 =0+argdetM,

vio

eOm, m,

e Neutron EDM  Prediction d (0) ~ ~ 6% 10"70e - cm

(mu + md) m?2

9 Experiment d, = (0.0 + 10, + o.zsys> % 102¢ . cm.

PRL 124, 081803 (2020) | é | < 10_9

e Peccei-Quinn mechanism

a+ 6f =a The 0term can be absorbed into the axion field

and it can explain why 0 is so small.
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Intro OPM 5th Force Search DM Search LEMAQUME Outlook
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Intro

Exotic Spin-Dependent Force

New Interaction Axion and ALPs
@
Axion and ALPs
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Intro

Exotic Spin-Dependent Force

Scalar and Pseudoscalar Coupling (Axion)

P Violation
CP violation

Vector and Axial Vector Coupling

(g3 —3gi)h? 1 1
Vo= 6-wxd)|—+—=)e
ME 16zmc [( ( )] Ar 12
g ) 1\ o1 o2
Ve = 6, V),V — e 7
8 drc [( RS )] (”) " )
New macroscopic 1orces? Phys. Rev. D 30, 130

J. E. Moody* and Frank Wilczek
Institute for Theoretical Physics, University of California, Santa Barbara, California 93106
(Received 17 January 1984)

REVIEWS OF MODERN PHYSICS

On 4/17/23, 8:05 AM, "rmp@aps.org" <rmp @aps.org> wrote:

Re: RC10141
Spin-dependent exotic interactions
by Lei Cong, Wei Ji, Pavel Fadeey, et al.

Dear Prof. Dr. Budker,

| was happy to learn from our associate editor, Dr. Klaus Molmer, that
you have agreed to write for Reviews of Modern Physics the above
article, following your proposal. We look forward to receiving from you
an article of no more than 50,000 words (roughly 50 journal pages) by
17 April 2024. Our standard honorarium for reviews is $750.00, payable
shortly after publication. Authors pay for their own reprints.

Spin-dependent macroscopic forces from new particle
exchange

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

Alkali-Noble Comagnetometer: Sword for New Physics

Hybrid Spin Exchange Pumping Dynamics of the spins
aPe Pef\ _ pe
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HN < He
Pump Probe Nuclear spin,
higher energy resolution

Hybrid pumping enables the best nuclear polarisation
and coherence time
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5th Force Search

Fifth Force Experiment
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Intro OPM 5th Force Search DM Search LEMAQUME Outlook

Axion Dark Matter Wind

4 Axion wave
Pump
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Axion-Nucleon spin coupling
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Signal

Alkali spins ~ Noble gas spins
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Daily Modulation
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DM Search

Broadband Axion Search
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Intro OPM 5th Force Search DM Search LEMAQUME Outlook
Axion Limits Wei et al., arXiv:2306.08039
m, (eV)
P 10716 1013 10714 10713 10712
10 "'II/S"""H T T T T "l LIRS T ASC
. k¢ NASDUCK -SERY
107 £ . -Floquet
|
- 107 & Jiang et al N"MM
> 3 il _
o 10 K-“He This work:
S (HSR)
= 107 AP B s B Bl
SN1987A 1
10-10 o : ‘ ‘ h. |
This work (SC) o
10-11 MR 004999/0.05 0.05001 .
1072 107! 10° 10" 107 10°
fa (Hz)

Wei Ji: Spin-based Magnetometry and Its Applications in New Physics

13



DM Search

ChangE (Coupled Hot Atom eNsembles to search for liGht dark mattEr)
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Break Astrophysical Limit!

Neutron star cooling
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https://github.com/cajohare/AxionLimits/blob/master/docs/app.md
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LEMAQUME

LEvitated MAgnets for QUantum MEtrology (LEMAQUME)

Energy Resolution Limit &V > h, (empirical)
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PHYSICAL REVIEW LET'/
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Ferromagnetism and Precession PRL 116, 190801 (2016)

X
Precessing Ferromagnetic Needle Magnetomete

. Derek F. Jackson Kimball,1 Alexander O. Sushkov,2 and Dmitry Budker**’
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LEMAQUME: Magnetometry
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LEMAQUME

LEMAQUME: Search For Axions

Axion mass (eV)
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LEMAQUME

LEMAQUME: Magnetometry
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New Interaction
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Dark Matter
Collaboration

LEMAQUME
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DM Search

Hybrid Spin Resonance: High bandwidth

Screening Effect
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3 order of magnitude bandwidth improvement!
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OPM

Self-Compensation (SC) Regime

Wei et al, Phys Rev Lett.130.063201 (2023)
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