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Strong CP Problem

ÅThe strong force should be able to 
violate charge parity symmetry but 
appears not to.

ÅCP violation would lead to a neutron 
dipole moment of 10-18e cm.

ÅExperimental upper limits of the 
neutron dipole moment 10-28e cm.
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Strong CP Problem

ÁPeccei and Quinn introduced their solution to 
the strong CP Problem in 1977. It promotes the 
CP-violating term ̒ ǘƻ ōŜ ƛǘΩǎ ƻǿƴ ŘȅƴŀƳƛŎŀƭ 
field.

ÁTheadditionalfield hasanassociatedpseudo-
goldstone boson, the axion. 

ÁThe axion has a two boson interaction and is 
therefore searched via a two photon interaction.
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Axion Parameter Space

Adapted from G.R, J. Phys. G, 

publication pending
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Axion Summary

Motivation General Properties

ÅProvides a natural solution to the 
strong CP problem.

Å In the 10-6-10-2eV range also 
provides a dark matter candidate.

ÅLow mass.
ÅWeakly coupled to Standard 

Model.
ÅStable particle.
ÅFundamental pseudo-scalar 

particle.

Photon Coupling Mass and Couplings

ÅCouples to two photons via a 
Primakoffconversion.

ÅMagnetic fields facilitate the 
conversion from axion to photons.

Å Generically: ά ᶿὫ ᶿρȾὪ

ρπὩὠ ά ρπὩὠ
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Haloscopes

Image Source: C. Boutan Thesis(2017)
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Scanning Masses
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Finding a Signal

ÁTo calibrate the detector a 
ΨǎȅƴǘƘŜǘƛŎ ŀȄƛƻƴΩ ǎƛƎƴŀƭ ŎƻǳƭŘ ōŜ 
injected into the cavity. This both 
verified the electronics and the 
analysis procedure.

ÁKSVZ axions produce a clear 
signal.

ÁDFSZ axions are not visible in the 
raw spectra but combining spectra 
over all observations reveals the 
peak.
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Signal Strength
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ÅThe signal to noise ratio is given 
by the Dickie Radiometer 
equation.

ÅNoise temperature is the sum 
of the thermal noise and 
amplifier noise.

Ὕ ὝÐÈÙÓὝὥάὴ
ὝÐÏÓÔÁÍÐ
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Å Integration time depends on the 
experimental cadence.

ÅSetby step size and operational 
frequency.

ÅAxion power is proportional to:
ÅCavity characteristics
ÅMagnetic field 
Å resonant mode

ὖÓÉÇθὄ ὠὗÃÁÖὅÍÏÄÅ

ÅCurrently limited to the 
range of minutes.
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Form Factor

E-FieldTM010 TM011
E-Field
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ÁThe cavity form factor is a function 
of the mode structure of the 
cavity.

ÁTM010 has the maximum form 
factor of ~0.7.

ÁThe majority of modes have a 
negligible form factor.

ÁDue to the tuning rod ADMX 
typically achieves ~0.4

TM011
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Cryogenics

ÁCryocooler

τ Actively cools upperstageto 40K.

τ First heatsinkingstage.

ÁLHeBath to cool secondary magnet

ÁTwo 1K pots

τ Large 1K pot for the shielding, 
gearbox and electricals. 

τ Small 1K pot for Dil Fridge

ÁDil fridge was custom built by Janis 
Research Company

τ 800 µW of cooling at 100 mK

τ Cools the resonator and amplifiers.


