
Detecting String-Scale 
QCD Axion Dark Matter

Blas Cabrera

Scott Thomas



Strong CP Problem :

Violates Parity and Time Reversal – (Renormalizable) 

No Violation of Parity or Timer Reversal Has Ever 

Been Observed in Strong Interactions !!!

Bounds on Electric Dipole Moments of 

Neutron and Atoms 



• CP Symmetry – Spontaneously Broken

θCKM ∼ O(1)    while    θ < 10-10

• Massless up-Quark ei θp =  ei θDet(mq)

• Peccei-Quinn Mechanism    (Peccei, Quinn; Weinberg; Wilczek)

Spontaneously Broken U(1)PQ -

QCD Anomaly 

Goldstone – Axion θ = θ(x) 

Dynamical Symmetry Restoration

Strong CP Problem :

V(θ)

θ



Relic Dark Matter Axions :  (Preskill, Wise, Wilczek; Abbott, Sikive;                                         

.                                                  Dine, Fischler)
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Relic Dark Matter Axions :

θ

• Coherent Production

Axion Exists as a Goldstone During and After Inflation

θi(x) ≃ Constant over Observable Universe + Random

V(θ)

Distribution    Distribution

Ωah
2 ≃ 0.1   ⇒ fa/N  > 1011-12 GeV ρDM Selection Effects !?

T < ΛQCD

T ≫ ΛQCD

• Large Classes of String Vacua fa/N ∼ 1016+-1 GeV (Svrcek,Witten)

Possible to Detect ? Moduli - p-Form Fields on Cycles – Shift Symmetry
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Galactic Dark Matter Axions :

1.5 GHz

150 KHz

1012 GeV

1016 GeV

ν = ω / 2 πfa/N

• On length scales D < � / (ma v)

• Stochastic 

.   Spectrum
P(ω)

ω
ma c2 / �
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Dark Matter Axion Detection :
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Dark Matter Axion Detection :

B j(ω) B(ω)

• Resonant Cavity  TM010

ω010 ≃ 4.8 c / D 

15 cm 

1.5 km

1012 GeV

1016 GeV

Dfa /N



Dark Matter Axion Detection – Large fa/N :

For  D ≪ � / ma = c / ω

Adiabatic Limit

B j(ω) B(ω)



Dark Matter Axion Detection – Large fa/N :

L                       

• Inductor L  

B j(ω) B(ω)

Link Slowly Changing 

Magnetic Flux with Inductor 



Dark Matter Axion Detection – Large fa/N :

L                       

• Inductor L  

Ia

Axion induced Current 

One Turn Arm

Inductor  

N Turn Arm

Transformer 
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Dark Matter Axion Detection – Large fa/N :

L                       C
ω0

2 = 1 / LC 

B j(ω) B(ω)

• Resonant LC Circuit

γ = R/L = ω0/Q

On Resonance



Inductane :

M ∝ N 

L ∝ N2

M2 / L ∝ N0

• Number of Turns N



Inductane :

M ∝ N 

L ∝ N2

M2 / L ∝ N0

M2 / L ∼ µ h 

µ = µr µ0

Large Permeability Resonant Transformer

• Number of Turns N

• Permeability 

µr ∼ 104-5-6

Overcome Grain Cohesive Forces at 

Low Temperature with B=B(ω′)



Quality Factor:

• Core Losses

Eddy Currents � Joule Heating Lamination, Powder

* Hysteresis

Q ∼ 102-3

• Radiation Resistance

Capacitor – Electric Dipole Antenna 

Inductor – Magnetic Dipole Antenna 

• Resistive Losses 

Small Antennas Inefficient Radiators



Axion Induced Current :

Magnetic Flux :

1304126.5CMS Solenoid 

301.834.8ANL 12 ft   

Bubble Chamber

2810.6LLNL Axion

Φ (Weber) B (T)h (m)D (m)

Maximum B ∼ Limited



Compact Muon Solenoid:

D = 6.5 m 

h = 12 m 

B = 4 T 



Signal and Noise Temperature :

• Noise Power and Temperature

dPn/dω

ω

• Signal Temperature 
dPs+n/dω

ω



Scanning Time :

Noise Limited

• Time for Significance S in Signal Bandwidth ∆ ω = ω / Qa

• Time to Scan an Octave  toct ∼ Q t

• For fixed S and Qa
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CL                       

B

Q ∼ 102

Tn ∼ 2 K 

• For toct ∼ 1 yr  with S ∼ 5      DFSZ

L ∼ 100-1000 mH

C ∼ 10-100 pF

R ∼ 1-10 kΩ

35 µ K18 mK150 kHz1016 GeV10512 m130 Weber

350 µ K 7 mK1.5 MHz 1015 GeV3 ×1043 m30 Weber

TQTSνfa/NµrhΦ

Sizeable Permeability µr

.             and                                       

.Large Flux Φ Required 

Note Strong Dependence

ANL

CMS
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Resonant Cavity :

• Cylindrical TM010

• Lower ω0 with Geometry + Permittivity

EB

E
B

Adiabatic limit - E and B modes small overlap



Resonant Cavity :

• Lower ω0 with Geometry + Permittivity + 

Increase M2/L with Permeability

E
B

Identical to LC Circuit with one turn    

.         Toroidal Inductor 

• Detector:   SQUID Internal Antenna Coupled to B

Q-1 = Q0
-1 + QD

-1 Match Q0 and QD



Conclusion :

Axion Dark Matter Detection   fa/N ∼ 1013 - 1015-16 GeV

(Low fa/N Covered Rapidly) 

LC Resonant Circuit

Modified Resonant Cavity

• Large Flux Magnet  * 

• Modified LC Resonant Cavity  *

• Large Permeability Core *

(Cool Large Mass)  


