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• B A C K G R O U N D  

• A D M X  D E S I G N  

• O P E R AT I N G  P R O C E D U R E S  

• M Y  P R O J E C T  

• C O N C L U S I O N S

O U T L I N E
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W H Y  A X I O N S ?

• No observable CP symmetry violation as expected 

• Peccei-Quinn Solution 

• Axions appear as pseudo-Goldstone bosons from this 

symmetry breaking 

• Weak coupled and long decay times 

• Elusive invisible axions in μeV mass range
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C O U P L I N G  T O  P H O T O N  

gaγγ

γ

γ
a

gaγγ =
αgγ

2πfa
α =

gγ =

fine structure constant

model dependent coupling 
constant

fa = threshold energy 

*KSVZ and DFSZ models



I N V E R S E  P R I M A K O F F  C O N V E R S I O N

a gaγγ

Bext

γ

Bext =  static magnetic field 
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I N V E R S E  P R I M A K O F F  C O N V E R S I O N

a gaγγ

γ

Virtual Photon



A D M X
A X I O N  D A R K  M AT T E R  E X P E R I M E N T

Credits: National Geographic !7



T H E  H A L O S C O P E  M E T H O D

• External magnetic field ~ 7.6 
T stimulates axion conversion 
to microwave photons 

• Tunable resonator to sweep 
frequency space 

• Increase signal to noise via 
cooling cavity and JPA 
amplifiers 

a Bext

!8



!9

T H E  D E T E C T O R



A D M X  S I T E
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D ATA  TA K I N G  C A D E N C E

• Tune cavity to given frequency 

• Adjust JPA 

• Listen and Digitize (100s) 

• Shift to different frequency, moving tuning 

rod
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S A G  ( S Y N T H E T I C  A X I O N  G E N E R AT O R )  

• Create a signal that mimics a 
real axion signal, inject it into 
the weak port and use the 
resulting digitized output 
power spectrum to:  

▪ Blind injection serves as a 
verification of setup of 
system 

▪ Help us understand our 
sensitivity 

Rybka-GRC 2019



C AV I T Y  R E S O N A N T  F R E Q U E N C Y

• Power signal is maximized if on cavity’s 
resonant frequency 



C AV I T Y  T U N I N G
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T U N I N G  R O D S
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G E A R  B O X



C AV I T Y  M O D E  

•Maxwell’s equations and 
boundary conditions result 
in standing waves 

•Use mode which maximizes 
power signal 

• Couple to         ,    is twice 
length of cavity

mode in cavityTM010

E-field produced by axion

Bext

TM010 λ
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M A X I M I Z E  P O W E R  S I G N A L

Form Factor

Signal Power

Cmnp =
∫

V
dVEmnp(x, t) ⋅ B(x)ext

2

VB2
ext ∫V

dVϵrE2
mnp

Pa ∝ B2
extQVCmnp

Emnp(x, t) = E-field produced by axion
V = volume of cavity ϵr = relative permittivity of cavity
B(x)ext = external B-field

Q = loaded quality factor



VA L I D AT I N G  R E S O N A N T  M O D E S

• In ADMX,             provides the largest form factor  

• Frequency scanned ~700MHz - 1GHz 

• Can track this mode using network analyzer transfer 

measurements  

• Mode map

TM010
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W I D E  S C A N S
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M O D E  M A P S
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C O N C L U S I O N S

• We have the reliable means of 
making mode maps for all future 
scans  

• Can be used for both symmetric 
and antisymmetric mode maps
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F U T U R E  W O R K

• Will be able to 
compare mode maps 
to predicted 
simulations 

• Can validate optimal 
axion-sensitive 
resonant modes in 
future ADMX 
operations 
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