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Cavities are narrow-band so must be tunable!

• Detect photons with resonant cavity  Axion Haloscope (P. Sikivie 1983)→

How to detect axions? 

2

νa = mac2

h (1 + v2

2c2 )
Axion mass ma determines νa
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ORGAN: Oscillating Resonant Group AxioN 
Experiment 
• High-mass (frequency) axion haloscope at UWA
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Experiment 
• High-mass (frequency) axion haloscope at UWA

• Why “high mass” (>40 eV or 10 GHz)?μ
• Largely unexplored but many predictions..  
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• Largely unexplored but many predictions..  

• SMASH model predicts  [1]50 ≤ ma ≤ 200 μeV

• QCD lattice simulations favour  [2]40 ≤ ma ≤ 180 μeV

• VISH  model predicts  [3]ν 40 μeV ≤ ma ≤ 2 meV
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• High-mass (frequency) axion haloscope at UWA

• Why “high mass” (>40 eV or 10 GHz)?μ
• Largely unexplored but many predictions..  

• SMASH model predicts  [1]50 ≤ ma ≤ 200 μeV

• QCD lattice simulations favour  [2]40 ≤ ma ≤ 180 μeV

• VISH  model predicts  [3]ν 40 μeV ≤ ma ≤ 2 meV
• ORGAN intends to search this range

ORGAN
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ORGAN: Oscillating Resonant Group AxioN 
Experiment 
• High-mass (frequency) axion haloscope at UWA

• Why “high mass” (>40 eV or 10 GHz)?μ
• Largely unexplored but many predictions..  

• SMASH model predicts  [1]50 ≤ ma ≤ 200 μeV

• QCD lattice simulations favour  [2]40 ≤ ma ≤ 180 μeV

• VISH  model predicts  [3]ν 40 μeV ≤ ma ≤ 2 meV
• ORGAN intends to search this range

• Falling off a sensitivity cliff.. 
df
dt

∝ f −14/3 →

ORGAN
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Phase 1a

Rotation Stage

Rotation stage

Off-axis tuning rod

• Scan between 15 - 16 GHz 
• Tuning rod cavity 
•Moving the rod radially “tunes’’ the 
mode frequency
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⃗B ext ≠ 0

TM010 mode
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Phase 1a
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Phase 1a cavity

Dilution fridge



• Zero-dead-time FFT on FPGA


• Python and LabVIEW based DAQ


• Operated at 5K with LNF HEMT amp
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Limits on gaγγ
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Limits on gaγγ

• ~24 days of data-taking

• Limits set between 15.28 - 16.23 
GHz at  (ALP 
cogenesis)

gaγγ ∼ 3 × 10−12

• Gaps are due to mode crossings

• High frequency = more mode 
crossings 

• Gaps to be filled in phase 2 of 
ORGAN
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Phase 1b 
• 26 - 27 GHz target range

• Remember resonator is 
necessarily small, νc ∝ R−1

c

26 GHz tuning-rod cavity 

19mm

9mm

Tuning rod 

Rotation stage

Axion sensitive  
mode

7



  

Phase 1b 
• 26 - 27 GHz target range

• Remember resonator is 
necessarily small, νc ∝ R−1

c

• Relative machining tolerances 
are much bigger

26 GHz tuning-rod cavity 

19mm

9mm

Tuning rod 

Rotation stage

Axion sensitive  
mode

7



  

Phase 1b 
• 26 - 27 GHz target range

• Remember resonator is 
necessarily small, νc ∝ R−1

c

• Relative machining tolerances 
are much bigger

• Greater mode density with ↑ νc

26 GHz tuning-rod cavity 

19mm

9mm

Tuning rod 

Rotation stage

Axion sensitive  
mode

7



  

Phase 1b 
• 26 - 27 GHz target range

• Remember resonator is 
necessarily small, νc ∝ R−1

c

• Relative machining tolerances 
are much bigger

• Greater mode density with ↑ νc

• Extremely sensitive to alignment 
and rod tilt 

26 GHz tuning-rod cavity 

19mm

9mm

Tuning rod 

Rotation stage

Axion sensitive  
mode

7



  

Phase 1b 
• 26 - 27 GHz target range

• Remember resonator is 
necessarily small, νc ∝ R−1

c

• Relative machining tolerances 
are much bigger

• Greater mode density with ↑ νc

• Extremely sensitive to alignment 
and rod tilt 

• Challenging to set antenna 
coupling

26 GHz tuning-rod cavity 

19mm

9mm

Tuning rod 

Rotation stage

Axion sensitive  
mode

7



  

Phase 1b 
• 26 - 27 GHz target range

• Remember resonator is 
necessarily small, νc ∝ R−1

c

• Relative machining tolerances 
are much bigger

• Greater mode density with ↑ νc

• Extremely sensitive to alignment 
and rod tilt 

• Challenging to set antenna 
coupling

• Novel resonator needed..
26 GHz tuning-rod cavity 

19mm

9mm

Tuning rod 

Rotation stage

Axion sensitive  
mode
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Rectangle vs Tuning-rod 
• Rectangular cavity with a tunable wall

• New tunable rectangular cavity solves many problems!

• Rectangle cavity VS Tuning rod cavity
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Phase 1b 
• Using materials on-hand

• NO mode crossings between 26 - 27 GHz 

• Very easy to tune - minimal motor steps 
required → reduced cryogenic heat load
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Parameter Rectangle Tuning-rod
C ~ 0.4* ~ 0.43

Q0 (RT) ~ 4000 ~ 2000
V ~ 12 mL ~ 9.5 mL

Mode Xs 0 2
Bore Util. - -

Tuning ✅ Actually tuned ❌ Difficulty tuning

Scan rate 
(C2V2Q)

~ 2.76x 1x
Antenna
Coupling

✅ Relatively easy ❌ Challenging 

• Lets compare the options for Phase 1b
Due to gaps between rod-endcap
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Limits on gaγγ
• Can exclude ALP cogenesis with 95% confidence!

• Single photon counters needed to improve 
sensitivity!
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• JPA very sensitive to environment 

Raytheon JPA
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• JPA very sensitive to environment 

• Tune the JPA resonance using flux bias

Normalised reflection phase 

Raytheon JPA
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ORGAN-Q Setup
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ORGAN-Q Results
• Scanned between 6.15 – 6.35 GHz

• ~17 days of data 
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ORGAN-Q Results
• Scanned between 6.15 – 6.35 GHz

• ~17 days of data 

• Initial 4K measurements Q0 ∼ 14,000

• Degraded to  over many coolsQ0 ∼ 4,000

• Tradeoff between tuning,  and Q Trod

• Adjusted antenna coupling  β ≃ 1.45 ± 0.32

•  using SNRI methodTsys ≃ 928 ± 108 mK
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ORGAN-Q Limits

• Most sensitive limits in the region 
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ORGAN-Q Limits

• Most sensitive limits in the region 

• Comparable sensitivity to neighbouring 
experiments

• ORGAN-Q was a successful testbed for 
future phases of ORGAN

• Clamshell cavity
• Millikelvin operation
• JPA operation and characterisation
• Cryogenic switch + hot load  

calibration

• Adjustable antenna coupling 
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Future (optimistic) Plans
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How to increase V?

Jeong, Junu, et al. ‘Search for Invisible Axion Dark Matter with a Multiple-Cell 
Haloscope’. Physical Review Letters, vol. 125, no. 22, APS, Nov. 2020

“Pizza cavity”
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How to increase V?
• The rectangle geometry is a natural candidate for a 2-

cavity array with iris coupling


• Only 1 readout required 


• ~3x increase in scan rate for 2-cavity array


• Easy to tune compared to tuning-rod iris cavity

Motor Motor

Motor Motor Top view

Side view

Iris coupling - single readout

Jeong, Junu, et al. ‘Search for Invisible Axion Dark Matter with a Multiple-Cell 
Haloscope’. Physical Review Letters, vol. 125, no. 22, APS, Nov. 2020

“Pizza cavity”
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Summary & Outlook
• Phase 1 of ORGAN complete ✅

• Most sensitive limits above 15 GHz 

• Phase 2 R&D ongoing 

• Superconducting cavities: ↑Q

• Quantum-limited amplifiers: ↓Ts

• Multiple cavity array: ↑V

• ORGAN-Q most sensitive search between 
6.15-6.35 GHz

• Utilise ORGAN-Q expertise in Phase 2
22



QD

Questions?
Thank you for your attention!


