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What constitutes dark matter?"
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It’s been long appreciated that the light axion 
is a good dark-matter candidate"
(1) From light element abundance:"
Dark matter probably isn’t bowling balls 

or anything else made of baryons."

Frank’s referring to WIMPS and Axions"

(3) “Dark matter: I’m much more optimistic 
about the dark matter problem.  Here we have 
the unusual situation that two good ideas 
exist…”"

"
    Frank Wilczek in Physics Today"

(2) Is dark matter made of, e.g.,  light 
neutrinos?"

Probably not: fast moving neutrinos would 
have washed-out structure."

Dark matter is substantially “cold”."
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From A. Nelson"

10

Viable Theories Natural and Elegant Theories

Theories
with dark 

matter
axions

weak CPV without 
strong CPV, 
baryogenesis without 
nonminimal flavor and CP 
Violation
other dark matter
other quantum gravity than 
string theory (or mechanism 
to avoid string theory axions)
….

No CPV, 
large EDMs, 
MFV but no 
baryogenesis….

10Wednesday, April 25, 2012

DOE-PI 16Jun14  LJR      4 



Pierre Sikivie’s RF-cavity idea (1983): 
Axion and electromagnetic fields exchange energy"

The axion-photon coupling…!

…is a source term in Maxwell’s Equations!

€ 

∂ E2 /2( )
∂t

−E ⋅ ∇ ×B( ) = gaγ ˙ a E ⋅B( )

So imposing a strong external magnetic field B transfers 
axion field energy into cavity electromagnetic energy.!

(Inverse Primakov conversion of axion to photon.)!

gaγ	
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Some experimental details of the RF-cavity technique"

The search speed is!
quadratic in 1/Ts!

RF-cavity experiments obey the radiometer equation!
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ADMX: Axion Dark-Matter eXperiment"

Magnet with insert" Magnet cryostat"

U. Washington, LLNL, U. Florida, U.C. Berkeley,!
          National Radio Astronomy Observatory, Sheffield U., Yale U.,!
! !U. of Colorado!

Gray Rybka     Fermilab Astroparticle Physics Seminar     10/11/2010

 

11/46

ADMX Design

Cavity Frequency changed by moving
metal rods (not shown) inside cavity

4m

Mostly DOE-HEP supported!DOE-PI 16Jun14  LJR      7 



ADMX hardware: receiver"
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ADMX hardware: multi-mode readout"

filter!

filter!

TM010!

TM020!

receiver!

receiver!
DAQ!

cold! warm!

TM010%
mode%

corresponding%TM020%
mode%
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ADMX hardware: 
microstrip SQUID amplifiers with varactor tuning"

Au bonding pads!

p-n junction	
5mm	
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SQUID amplifiers yield quantum-limited noise"
Gain = 20 dB!
Frequency 612 MHz!

Quantum limit TQ = 30 mK 

TQ 
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G. Rybka   April 5, 2014 5

Axion-like Signal Injection

Raw Power Spectrum Row Spectrum with Artificially 
Generated Axion-Like Signal

Injection of Axion-Like signals into cavity allow us to calibrate our analysis

See C. Boutan's talk next for details

Raw data plus hardware synthetic axion (✕100)"

Our confidence limit is our confidence limit!
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Site development  

Dmitry Lyapustin                                                        13                                                        April APS meeting 

Building the new ADMX infrastructure"
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Assembling the experiment insert"
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Component overview 3 

Dmitry Lyapustin                                                         9                                                         April APS meeting 

Quantum-electronics in a bucking coil"
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Component overview 4 

Dmitry Lyapustin                                                        10                                                        April APS meeting 

Cavity, tuning and coupling"
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Insert assembly 

Dmitry Lyapustin                                                        11                                                        April APS meeting 

ADMX insert going into and out the magnet bore"
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ADMX Gen 2: Science Prospects"ADMX Gen 2 Proposal: Science Prospects!

17!

Timeline with Dilution Refrigerator!
!
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ADMX challenges and needs"

Year 1 (to few GHz): In progress.!
Year 2 (few GHz to 5 GHz GHz):!

!Amplifiers & receivers get easier (JPA’s)!
!Need suitable RF structures (cavities)!

Year 3 (5 GHz to 10’s of GHz):!
!Amplifiers & receivers under control (JPA’s)!
!Need suitable RF structures (cavities)!

!
Each year, ADMX executes 3 parallel phases:!

!Operations (year 1)!
!Finish design & cut steel (for year 2)!
!R&D (for year 3).!

ADMX personnel are strained to execute these parallel phases!
!
Gen 3: Over 10’s of GHz:!

!At some point, likely transition to bolometric receivers of some kind
!Need radically new RF structures.!
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Who’s working on dark-matter QCD axion searches  
(broadly considered)?"

ADMX (started data-taking January 2014)!
!
ADMX-Ouroboros (R&D confocal resonator, high frequency)!
!
ADMX-HF (high frequency, small-bore high-field magnet)!
!
KAIST/Korea (Formulating their research program)!
!
DESY/Germany & UFlorida (R&D lumped LR resonators,!

!below 1 μeV-mass anthropic axion)!
!
CERN (R&D confocal resonators, below 1 μeV-mass anthropic axion)!
!
Stanford & Maintz (R&D on NMR EDM, below 1 μeV-mass anthropic axion)!
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