New Measurement of the
Electron Magnetic Moment /
and /

Beyond the Standard Model f

UV VLVVVaVAVVAV) G

Xing Fan |
Research Assistant Professor Northwestern University '
Starting a new group at Harvard next year \

£ERD, U.S. DEPARTMENT OF JOHN

ENERGY TEMPLETON  Masason Foundatior

FOUNDATION




Electron’s Magnetic Moment
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Principle of g-factor measurement

In free space
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Electron Detection with Axial Motion
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Quantum Picture of Cyclotron Motion

= Penning Trap “Atom”
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The New Apparatus
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Spectroscopy

Transition Prob. vs Drive Freq

cyclotron anomaly
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» Linewidth is dominated by axial temperature
and fast 0.5ppb B field fluctuation

L. S. Brown, PRL 52,2013 (1984), X. Fan and G. Gabrielse, PRL 126 070402 (2021)
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Image Charge Shift

cylindrical
cavity
, g B vs
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top view. positive image charge v fast v, very fast
cyclotron motion c
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Lowell S. Brown, et. al., Phys. Rev. Lett. 55, 44 (1985) 10



Image Charge of Image Charge...

) i Q |+ 1{_ + - Q |+
v, =cl2L Xn V. # Cl2LXn
large shift! small shift!
» Av'® depends on trap cavity’s resonance
=cavity QED

—>measure cavity resonances and correct
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Measurements at Different Fields
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appears in 18 Wikipedia pages
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Able to Check Muon g-2?

Phys. Rev. Lett. 131, 161802 (2023) Physics reports 887, 1 (2020)

. Al =1 P11 theo.= 498(96) x 1011 4.2
; Q
Al = Al x(mg/m)? =0.12 x 1072

e electron g-factor: o(! ) =0.26 X 1012

another factor of 2.2

and a better a measurement
Rb (Sorbonne), Cs(Berkeley), Sr? Yb?



Applying electron g-factor
Technique for other physics?
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QCD Axion Search

PHYSICAL REVIEW LETTERS129, 261801 (2022)

One-Electron Quantum Cyclotron as a Milli-eV Dark-Photon Detector

Xing Fan® 1?" Gerald Gabrielsg, Peter W. Graham >*2 Roni Harnik>® Thomas G. Myeré Harikrishnan Ramani *°
Benedict A. D. Sukra 2,Samuel S.Y. Wong ®,and Yawen Xiao®

. R (x 10001y)

theory collaborators
"#$%&'()*$+,-'.+"/

Peter Graham
Harikrishnan Ramani
Samuel S. Y. Wong
Yawen Xiao

0-'1+2#3)4#"+&$H2)5H#3I&'H"&'| 5

Roni Harnik

Stanford

University

axion-photon coupling

16



Trapped-Electron

Milli-eV Detector

electron(s)
left at n_=0

XF, et. al., Phys. Rev. Lett. 129, 261801 (2022)

e challenging meV range (mm-wave)
* background free "#  P&()*+,-."

* tunable 0.1-1 meV %/ &1"'$)2(+(3%$'(43+"1
* compatible with B field
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Demonstration Search

just leave at n.=0 and monitor n,
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narrow because we used the g-factor setup
what if we construct a dedicated system?
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open Penning trap
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BREAD, PRL I"# , 131801 (2022)
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Positron’s Measurement

e et g-factor measurement
- X100 better than 1987’s measurement
- most precise lepton CPT test

Collab. with Stefan Ulmer
(HHU/CERN/RIKEN)

m,./m..at 101! precision, x10,000 better than 1981’s measurement
- co-trapping proton and positron
- anti-gravity test at 6(g/g)~0.03 level
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Earth-Sourced

Axion-Nucleon-Electron Coupling

causes spin rotation
near heavy block earth-source

nucleon fermion

i ?
Prateek Agrawal, et. al., Phys. Rev. D 108, 015017 how to separate from static B*
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Penning Trap

Particle anti-particle Switch

XF and Mario Reig, arxiv:2310.18797
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Electron Quantum Computing

single electron qubit
(cyclotron n.=0 and n.=1)

2

" > -l >

- ~100,000 lighter than atoms — 103 faster qubit operation
- free space qubit — long coherence time expected (>ms)
- scalable with surface Penning trap
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Expected Results
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