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A sign of maturity of a venerable experiment ... 

…The next crop of incoming grad students will not  
have been born when ADMX began construction! 



The Standard Model is still not complete! 



Axion	  basics	  



The microwave cavity experiment (Sikivie, 1983) 



The full ADMX receiver 



ADMX measures the full energy (rest mass + kinetic) of the axion signal.  
 This has important consequences, i.e. diurnal & sidereal modulation  
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Sufficiently	  narrow	  fine-‐structure	  would	  display	  dramaEc	  
modulaEon,	  revealing	  the	  full	  vector	  direcEonality	  of	  the	  flows	  	  



ADMX	  Hardware	  



Microstrip	  SQUID	  amplifiers	  (John	  Clarke,	  UC	  Berkeley)	  



ADMX	  is	  the	  world’s	  quietest	  spectral	  receiver	  

SystemaEcs-‐limited	  for	  signals	  of	  10-‐26	  W	  	  	  –	  	  	  10-‐3	  of	  DFSZ	  axion	  power.	  
Last	  signal	  received	  from	  Pioneer	  10	  (6	  billion	  miles	  away)	  ~	  10-‐21	  W.	  	  

Dicke	  Radiometer	  equaEon:	  



Sample data and candidates 

Signal maximizes in the wings, and 
furthermore is episodic  →  Radio peak 

Distributed over many subspectra,  
but didn’t repeat   →  Statistical peak  



HEMT	  
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To date, no axion over an octave in mass (1.9 - 3.6 µeV) 



	  	  ADMX is pursuing a complete strategy two fronts  

Reduce System Temperature 
                ADMX Phase II a,b:  3He fridge; Dilution fridge 

Go up in Frequency (& down if possible) 
                Higher harmonic ports (TM020, TM030) 
                       ADMX-HF (High Frequency) at Yale 

,	  



Higher-‐harmonic	  ports	  in	  ADMX	  Phase	  II	  

TM010	  	  :	  
400	  –	  900	  MHz	  
Rel.	  power	  =	  1	  

TM020	  	  :	  
920	  –	  2300	  MHz	  
Rel.	  power	  =	  0.41	  



ADMX-HF @ Yale will be a pathfinder & innovation testbed 

Design of  
cavity & magnet 

DiluEon	  refrigerator	  	  
above	  &	  below	  deck	  

(Steve Lamoreaux, PI) 



R&D	  towards	  much	  higher	  frequency	  arrays	  

Photonic	  bandgap	  resonators	  (“laOce	  arrays”)	  
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Q	  of	  the	  TM010	  mode	  for	  a	  convenEonal	  Cu	  cavity:	  



L 

R 

Q  =   
L!R 

1  + L/R 
R
!

. 

Thin-‐film	  superconducEng	  barrel	  

Copper	  end-‐caps	  

This	  term	  goes	  away	  for	  a	  	  
superconducTng	  barrel	  	  

The	  concept	  of	  a	  hybrid	  superconducEng	  cavity:	  

Qhybrid	  	  =	  	  (1	  +	  L/R)	  .	  Qcu	  

For	  typical	  ADMX	  cavity,	  L/R	  =	  5,	  enhancement	  factor	  =	  6	  



Thin-‐film	  Type-‐II	  superconductors	  appear	  promising	  

10	  nm	  Nb0.5Ti0.5N	  is	  perfect	  

Supports	  B||	  up	  to	  10	  Tesla	  



Hybrid	  superconducEng	  cavity	  R&D	  program	  

a	  

b	  

c	   d	  

e	  

f	  a.  Spufering	  (UCB-‐LLNL)	  
b.  Spufering	  (Yale)	  
c.  Si	  strip	  witness	  tests	  
d.  Prototype	  cavity	  tests	  
e.  NMR	  magnet	  tesEng	  
f.  RBS	  stoichiometry	  &	  

thickness	  characterizaEon	  



Josephson	  Parametric	  	  
Amplifiers	  (JPA)	  

Konrad	  Lehnert,	  JILA/CU	  

• 	  Natural	  for	  higher	  
frequencies	  

• 	  Broadly	  &	  easily	  tunable	  

• 	  Operates	  at	  the	  SQL	  or	  
below	  (squeezing)	  

• 	  ADMX-‐HF	  will	  iniEally	  
uElize	  an	  exisEng	  and	  
proven	  system	  design	  

	  –	  	  4-‐8	  GHz	  
	  –	  	  Quantum-‐limited	  T	  



Projected	  coverage	  in	  next	  few	  years	  



A	  unique	  quantum	  system	  for	  study	  



Summary	  &	  Outlook	  

• 	  ADMX	  is	  well-‐posiEoned	  to	  make	  good	  progress	  in	  exploring	  
most	  of	  the	  ‘axion	  window’	  as	  we	  know	  it	  
–	   	  The	  experimental	  sensiEvity	  is	  basically	  well	  in	  hand	  now	  
–	   	  Efficiently	  covering	  mass	  range	  is	  more	  challenging,	  but	  the	  pace	  

should	  accelerate	  rapidly	  now	  

• 	  ADMX/ADMX-‐HF	  as	  “one	  experiment,	  two	  sites”	  is	  a	  good	  
model	  for	  pulling	  together	  a	  community,	  pooling	  R&D	  and	  
know-‐how,	  and	  covering	  ground	  cost-‐effecEvely	  	  
– 	  Thank	  you	  DOE	  &	  NSF!	  
– 	  New	  cavity	  microwave	  experiments	  (e.g.	  YMCA)	  further	  enrich	  the	  

field	  &	  will	  accelerate	  progress	  	  

• 	  Should	  the	  axionic	  DM	  be	  found,	  it	  would	  open	  up	  a	  unique	  
Bose	  quantum	  system	  for	  study	  (&	  axion	  astronomy?)	  



Will	  someone	  please	  find	  the	  axion	  ??...	  

…So	  I	  can	  get	  this	  monkey	  off	  my	  back	  !!	  


