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AXION DETECTION EXPERIMENTS
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CURRENT BouUNDS ON THE AXION-PHOTON CoUPLING CONSTANT
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[Axion Limits maintained by cajohare]




NEwW AXION DETECTION TARGET

Key advantages:
m known frequency
m monochromatic signal

Pulsarscope!!
m higher signal quality
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PuLsARs

Pulsars are highly magnetized
rotating neutron stars

Emit pulses of radiation at regular
intervals

Rotation period: 7' = 1.4ms — 76s

Magnetic field: By ~ 108 — 105G




PuLsAR POPULATION
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PuLsARS’ MAGNETOSPHERE
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[Philipov & Kramer 2022]




THE PoLAR CapP (PC) MoDEL

Axions are emitted only from the small polar cap regions above the magnetic poles of a pulsar.

The equation of motion:

(O+m?)a = goyE-B

m Monochromatic axion signal
on pulsar rotation frequency (2

m Axion emission power:

P, x gngo4 Q8 RYsh?

[MK, M. Lisanti, A. Prabhu, B. Safdi (2024) arXiv:2402.17820]




THE VAcuum DiroLE MoDEL (VDM)

Axions are emitted from the entire volume of a pulsar’s magnetosphere.
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BEST PULSAR AS AXIONS SOURCE
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THE PROJECTED SENSITIVITY
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Projected sensitivity for SRF, DMRadio-GUT and CASPEr experiments to axions emitted by
Crab pulsar (polar gap and vacuum dipole magnetosphere model).



THE PROJECTED SENSITIVITY
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Projected sensitivity for SRF, DMRadio-GUT and CASPEr experiments to axions emitted by
Crab pulsar (polar gap and vacuum dipole magnetosphere model).



THE PROJECTED SENSITIVITY
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Projected sensitivity for SRF, DMRadio-GUT and CASPEr experiments to axions emitted by
Crab pulsar (polar gap and vacuum dipole magnetosphere model).



THE PROJECTED SENSITIVITY
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Projected sensitivity for SRF, DMRadio-GUT and CASPEr experiments to axions emitted by
Crab pulsar (polar gap and vacuum dipole magnetosphere model).



CONCLUSIONS

Conclusions:

m A new target for axion detection is proposed — axions
emitted by pulsars.

m Can potentially improve current laboratory constraints
in mass range m, < 10713 eV, depending on
magnetosphere model.

Future work:

m Detailed PIC simulations of the pulsar’s magnetosphere will provide a more precise
estimation of axion emission power, refining targets for experiments.
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UPCOMING AXION EXPERIMENTS PROJECTIONS
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Figure 1: Axion-photon coupling bounds with projections [cajohare]



Ly

Cartoon of cavity setup.

SRF - Superconducting Radio Frequency
cavity detector

m dark matter axions

m resonant
w1 R wo + wq

quality factor Qo ~ Q1 ~ 10'2

Pulsarscope:
m quality factor Q ~ 1012

m coherence time 7¢op > Tops

[Image: A. Berlin et al. (2020)]



EXPERIMENT SENSITIVITY SCALINGS

The experimental target can be modeled as resonator:

A
() + —Li(t) + wln(t) = = cos(wt + ¢(t)) (1)
Qo w
Power extracted by oscillator from axion field:
A%uy/Q
(P) = o/ ®

2 [(w? = w§)? + (wow/Q)?]

The signal-to-noise ratio for pulsar axions:

2
SNR o< g7 pps (ii) (TQ)? (3)



PoLAR CAP MODELS

Polar gap height, h
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PROJECTIONS
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Projected sensitivity for SRF and CASPEr experiments to axions emitted by Crab pulsar
(vacuum dipole magnetosphere and several different polar gap models).
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