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Hint of ALPs at POLARBEAR
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POLARBEAR Collaboration, Phys. Rev. D 110, 063013 (2024)



POLARBEAR
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• Dedicated CMB polarization experiment

• Located at 5200 meters in Atacama, Chile

• First light Jan. 2012, expanded to Simons 

Array from 2018

• Powerful TES array

with 3.5arcmin beam 

for 150GHz



POLARBEAR
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Many important cosmological publications, including

• First evidence for B-mode polarization lensing 

based on purely CMB information   

• Constraints on Cosmic Birefringence and Primordial 

Magnetic Fields

• Primordial B-mode search: best result in Chile

• Cross correlation cosmology results

• Precise measurement of the Hubble parameter 

with E-mode observations

B-mode

E-mode



Ultra-Light ALPs Search with Tau A
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• The Crab Nebula, also known as Tau A, is a polarized astronomical source at millimeter wavelengths.

• POLARBEAR observed Tau A periodically as a calibration tool.

POLAREBAR image of Tau A

(HST image)

Crab Nebula
(Tau A in radio 
astronomy)

Axion field
as classical field with large number density



2.5 Hint of Axions-like-Particles (ALPs) from POLARBEAR

"Light Dark Matter Search with Nitrogen-Vacancy Centers in Diamonds"   Masashi Hazumi (NCU)2025/10/30 7

POLARBEAR Collaboration, Phys. Rev. D 110, 063013 (2024)

2.5 excess (incl. look-elsewhere-effect)
at ma = 7.8×10−22 eV

The best limit

so far
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Discussion (1)

• Statistical uncertainties could explain the result
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Simons Array data analysis in progress

→ Confirm or deny the hint



Discussion (2)
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• Residual 

systematic 

errors

– Unlikely, though 

not excluded 

completely.



Discussion (3)

• Intrinsic variability of Tau A

– Single-mode oscillation is unlikely for several-light-year-wide Crab Nebula

– Crab Pulsar mm-wave signal is much darker than the amplitude observed

– No intrinsic variability was observed in other measurements

• Consistency with other ALP bounds

– Inconsistent with a bound from

the x-ray spectrum of the 

quasar H1821+643 

– Some analyses claim a lower bound, 

ma > 2-3 x 10-21 eV, but model-dependent 
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AxionLimits, compiled 
by C.O’Hare

Axion-photon 
coupling

Full Panorama

https://cajohare.github.io/AxionLimits/

https://cajohare.github.io/AxionLimits/docs/ap.html
https://cajohare.github.io/AxionLimits/docs/ap.html
https://cajohare.github.io/AxionLimits/docs/ap.html
https://cajohare.github.io/AxionLimits/docs/ap.html


What about Axion-electron coupling?
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Future Measurements with 

Diamond Quantum Sensors
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“Light Dark Matter Search with Nitrogen-Vacancy Centers in Diamonds”
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• Axion fields are similar to 

magnetic fields.

• Future measurements with 

scalable NV diamond quantum 

sensors are promising.

• Broad mass coverage!

• Lots of experimental challenges, 

but no no-go theorem:

Chigusa, Hazumi, Herbschleb, Mizuochi, 

Nakayama, JHEP 03 (2025) 083
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Axion-electron 
coupling

Results and future 
prospects

https://cajohare.github.io/AxionLimits/

“Light Dark Matter Search with Nitrogen-Vacancy Centers in Diamonds”

Chigusa, Hazumi, Herbschleb, Mizuochi, Nakayama

JHEP 03 (2025) 083

AxionLimits, compiled 
by C.O’Hare

https://cajohare.github.io/AxionLimits/docs/ap.html
https://cajohare.github.io/AxionLimits/docs/ap.html
https://cajohare.github.io/AxionLimits/docs/ap.html
https://cajohare.github.io/AxionLimits/docs/ap.html


Nuclear Spin Metrology with Nitrogen Vacancy Center 
in Diamond for Axion Dark Matter Detection
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Chigusa, Hazumi, Herbschleb, Matsuzaki, Mizuochi,

Nakayama, Phys.Rev.D 111 (2025) 7, 075028

• Axion fields are similar to 

magnetic fields, but different. 

No mass suppression!

• Nuclear spin metrology was 

“abandoned” in QIS community,

but very interesting for new 

physics search!

• Use of 14N studied → next page



Nuclear Spin Metrology with Nitrogen Vacancy Center 
in Diamond for Axion Dark Matter Detection
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• Effective B field proportional to

• 15N-rich samples give constraints

on gapp alone.

• Broad mass coverage!

for 14N

for 15N

Chigusa, Hazumi, Herbschleb, Matsuzaki, Mizuochi,

Nakayama, Phys.Rev.D 111 (2025) 7, 075028



Measurement system in preparation at KEK
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Atsuhiro Umemoto
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Particle Physics Astrophysics/Cosmology

Quantum Information Science (QIS)

Fundamental

Laws of Nature



Summary

• POLARBEAR’s measurements on the Crab Nebula polarization angle 

show 2.5 modulation, which might be a hint of ultra-light ALPs.

• More data from the Simons Array will confirm or deny the result. 

• The results prompted consideration of other methods and couplings, 

leading to a new idea: using quantum sensing technology.

• Use of the diamond sensor is just an example. We have a vast, new, 

exciting, uncharted territory to explore in the overlap of particle physics, 

cosmology, and QIS.
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