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Cosmic Axion Spin Precession Experiment (CASPEr)

E. G. M. Ferreira et al., Astrophys Rev 29, no. 7 (2021)
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Cosmic Axion Spin Precession Experiment (CASPEr)

E. G. M. Ferreira et al., Astrophys Rev 29, no. 7 (2021)

Couplings between Axionlike Particles (ALPs) and Standard Model particles  in CASPEr:  

 
1) ALPs - gluon coupling              -> CASPEr-Electric 

2) ALPs - fermion coupling          -> CASPEr-Gradient 
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CASPEr-Gradient 

Axionlike Particles (ALPs) 

• Coupling to nuclear spin  

•  

• The ALP-gradient  acts as a pseudo-magnetic field 

•  as coupling constant and  cos( ) 

• The Compton frequency  

⃗I

H = gaNN
⃗∇ a(t) ⋅ ⃗I

⃗∇ a

gaNN a(t) = a0 ω ⋅ t

ω =
m c2

ℏ
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• Thermal polarization 

 at  K &  T PXe ≈
γXe ℏ B0

2 kB T
≈ 3 ⋅ 10−7 T = 300 B0 = 1
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• Thermal polarization 

 at  K &  T 

• Spin Exchange Optical Pumping (SEOP) 

1. Polarization of Rb (circularly polarized light) 

2. Transfer of angular momentum from Rb to Xe

PXe ≈
γXe ℏ B0

2 kB T
≈ 3 ⋅ 10−7 T = 300 B0 = 1
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Hyperpolarization of Xenon & polarization determination

10 %
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Measured Polarization 
 
 

Magnetic shield with a magnetometer:  
In continuous flow mode 10 %



Hyperpolarization of Xenon & polarization determination

10 %

Cold trap

To DM detector
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10 %

Measured Polarization 
 
 

Magnetic shield with a magnetometer:  
In continuous flow mode 10 %

Further advantage of hyperpolarized Xenon: 

1) Liquid at 160 K 

2) Long T1 time (~1h) 

3) Long T2 time of (~ 100 s)



ALP detection setup

• Nb superconductor (0.1 T)  

• SQUIDS for detecting 

• Nuclear spins (thermally polarized methanol/hyper 
polarized xenon) 

• Pickup coils, Excitation coil, Helmholtz coils  

• ALP field  cos( )a(t) = a0 ω ⋅ t

2 
m B0
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Decoherent ALPs 
 

 „coherence time“ 

 
 speed of light,  Compton frequency of ALPs,  velocity of ALPs

τc =
c2

π νa v2
a

c νa va

PHYSICAL REVIEW D 105, 035029 (2022) 15



DM search with a thermally polarized methanol sample

Sample and setup characterization: 

-  time 
-  time Carr-Purcell-Meiboom-Gill pulse sequence 
- Larmor frequency 
- Magnetization 

T*2
T2
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100 s of DM search 
 
 

Ramp up leading field  
-> increasing Larmor frequency by 6 Hz 
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Analysis

Power Spectral Density (PSD) 
100 s of DM search  
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Analysis

Power Spectral Density (PSD) 
100 s of DM search  

 
 
 

SNR enhancement:  
 
1) Savitzky-Goaly Filter 

Removes features with much 
smaller/wider line width. 

2) Matched filter 
Using information about the 
expected signal predict the 
potential ALP signal 
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ALP signal characterization 
 
 

Make histogram 
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Results & Conclusion

CASPEr thermal

Preliminary

26D.F. Jackson Kimball, arXiv, 2018 Ciaran O`Hare, Axion Limits



Results & Conclusion

CASPEr thermal

1) Low field setup: frequency range KHz - MHz 

2)          High field setup: frequency range - 600 MHz 

3)          DM search & analysis works for a 240 Hz 
              frequency range

Preliminary

27D.F. Jackson Kimball, arXiv, 2018 Ciaran O`Hare, Axion Limits



Outlook

• Transfer HP Xe to Low field setup (0.1 T) 
-> Will increase sensitivity by 6 orders of magnitude 
-> As an alternative higher thermally polarized sample

Liquify Xenon
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Outlook

• Transfer HP Xe to Low field setup (0.1 T) 
-> Will increase sensitivity by 6 orders of magnitude 
-> As an alternative higher thermally polarized sample 

• Transport of hyperpolarized Xe to the High field setup 
(14 T) or using other candidates 
 

Liquify Xenon
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