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Search	  for	  galac5c	  axion	  –	  new	  proposal	  

Exploit	  the	  axion-‐electron	  coupling	  

(only	  DFSZ	  axion)	  
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For	  both	  schemes	  annual	  modula8on	  expected	  

Ce	  ≤	  10-‐13Gev-‐1	  



	  ELECTRON	  –	  AXION	  interac5on	  through	  SPIN	  	  
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Interaction of axion field with Fermions

The three men
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Abstract

This is a LaTeX translation for the fax document sent by José Maŕıa
Mart́ın to Clive Speake on 26/06/1994.

We start from the Lagrangian

L = ψ(x) (ih̄ ̸ ∂x −mc)ψ(x)− a(x)ψ(x) (gs + igpγ5)ψ(x) (1)

where

• ψ: spinor field of the fermion (mass m).

• a spinless field of the axion. It is an external field with dimensions of
momentum.

• gs, gp coupling constants.

The Euler-Lagrange equation is: (ih̄γ · ∂x −mc)ψ(x) = a(x) (gs + igpγ5)ψ(x),
i.e.

(
ih̄ ∂

c∂t −mc ih̄σ⃗ · ∇⃗
−ih̄σ⃗ · ∇⃗ −ih̄ ∂

c∂t −mc

)
ψ(x) = a(x)

(
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)
ψ(x) (2)

We now take the non-relativistic limit in these equations (cf. Landau Vol.4
§33). If we express ψ in the form

ψ =

(
ϕ
ξ

)
eimc2t/h̄ (3)

we have
ih̄ ∂ϕ

c∂t = gsaϕ+
(
−ih̄σ⃗ · ∇⃗+ igpa

)
ξ

ih̄ ∂ξ
c∂t =

(
−ih̄σ⃗ · ∇⃗ − igpa

)
ϕ− (2mc+ gsa)ξ

(4)
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(
)The	  energy	  of	  interac5on	  	  

between	  spin	  and	  axion-‐field	  is	  

This	  looks	  like	  a	  magne8c	  
coupling	  through	  electron	  spin	  	  
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(9.4×10−23TEffec8ve	  magne8c	  field	  

for	  cosmological	  axion	  

Electron	  Spin	  Resonance	  Magnetometry	  with	  Paramagne5c	  Materials	  
DETECTION	  TECHNIQUES	  :	  

Op5cal	  Spectroscopy	  in	  Paramagne5c	  Crystals	  
Effec5ve	  B	  RF	  field	  @	  10^-‐22	  T	  seems	  feasible	  to	  adain	  



DC magnetic field B0 

B10cosωt+Bacosωat	  

ESR	  Magnetometry/Zeeman	  Spectroscopy:	  	  

       SAMPLE:  DPPH , TbF3 , YIG, Ruby   

from 10μeV to meV  ( GHz to THz) 	  

PminRF =10
−22 W

Hz



LNL	  EPR	  SET	  UP	  









                        QUAX Activities ( 2015 – 2017/8)    : 
 
 1) High Susceptivity Material , Low Dissipation (LNL-INRIM.TO ) 
 
 2) Low Noise Receiver : Linear / Quantum @ near QL( PD-LNL)  
 
 3) High Frequency High Q Microwave Cavity  10^5: (PD-LNL) 
 
 4) High Magnetic Field :  05-1 Tesla ( GE-LNL ) 
 
 5) Cryogenics @ 100 milliKelvin   ( TN-PD ) 
 
 6) Optical Spectroscopy on Paramagnetic  Single Crystals     
Zeeman 
 
 
                   
      
 
     
 
 






