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Galaxy Evolution Explorer image



NASA/CXC/M. Weiss - Chandra X-Ray Observatory: 1E 0657-56It is at a comoving radial distance of 1.141 Gpc (3.7 billion light-years)

Bullet Cluster: Dark Matter 
passes by “without” interactions 
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Dark Core?!  
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Observed cosmological magnetic fields
B ⇠ 10�16 G

Neronov, Vovk (2010)

 Can some cosmological medium support these 
magnetic fields? 

Type II superconductor can be the medium

DM (or its part) can be the cosmological 
medium accommodating  magnetic fields in 
form of the Abrikosov vortices / strings
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Dark Sector can have many vector /gauge fields

 Can some cosmological medium screen these 
fields? 

Type I superconductor can be the medium

DM (or its part) can be a cosmological medium 
screening these unobserved vector fields 

Main Idea and Motivation II
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Not covered by Horndeski (1980) and (2018), or Heisenberg (2014) constructions!  
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c.f. Chameleon screening for scalars, Khoury, Weltman (2003)
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(⇢+ p) aµ = r?
µ p

Compare with a perfect fluid:

maµ = eFµ⌫u⌫

Compare with a charged particle:



Photon mass bounds



Photon mass bounds

m� < 3⇥ 10�27 eV
the Proca mass, from astrophysics, galactic plasma Yamaguchi (1959); Chibisov (1976) 



Photon mass bounds

m� < 3⇥ 10�27 eV
the Proca mass, from astrophysics, galactic plasma Yamaguchi (1959); Chibisov (1976) 

m� < 2⇥ 10�16 eV
 the Proca mass, from laboratory, torque on a magnetised ring  Lakes (1998); Luo et al.(2003) 



Photon mass bounds

m� < 3⇥ 10�27 eV
the Proca mass, from astrophysics, galactic plasma Yamaguchi (1959); Chibisov (1976) 

m� < 2⇥ 10�16 eV
 the Proca mass, from laboratory, torque on a magnetised ring  Lakes (1998); Luo et al.(2003) 

m� . 10�14 eV the Proca mass, from laboratory Coulomb’s law  
Williams et al. (1971) 



Adelberger, Dvali, Gruzinov (2003)

Photon mass bounds

m� < 3⇥ 10�27 eV
the Proca mass, from astrophysics, galactic plasma Yamaguchi (1959); Chibisov (1976) 

m� < 2⇥ 10�16 eV
 the Proca mass, from laboratory, torque on a magnetised ring  Lakes (1998); Luo et al.(2003) 

m� . 10�14 eV the Proca mass, from laboratory Coulomb’s law  
Williams et al. (1971) 



Adelberger, Dvali, Gruzinov (2003)

Photon mass bounds

Dark Photon mass bounds

m� < 3⇥ 10�27 eV
the Proca mass, from astrophysics, galactic plasma Yamaguchi (1959); Chibisov (1976) 

m� < 2⇥ 10�16 eV
 the Proca mass, from laboratory, torque on a magnetised ring  Lakes (1998); Luo et al.(2003) 

m� . 10�14 eV the Proca mass, from laboratory Coulomb’s law  
Williams et al. (1971) 



Adelberger, Dvali, Gruzinov (2003)

Photon mass bounds

Dark Photon mass bounds

m� < 3⇥ 10�27 eV
the Proca mass, from astrophysics, galactic plasma Yamaguchi (1959); Chibisov (1976) 

m� < 2⇥ 10�16 eV
 the Proca mass, from laboratory, torque on a magnetised ring  Lakes (1998); Luo et al.(2003) 

m� . 10�14 eV the Proca mass, from laboratory Coulomb’s law  
Williams et al. (1971) 

10�13 eV . mD� . 3⇥ 10�12 eV
Cardoso et al. (2018) 

 the Proca mass, super radiance, observed stability of the inner disk of stellar-mass black holes  
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Fluid-like DM superconductor on cosmological scales

DM can screen unwanted hidden vectors fields  

New large class of degenerate higher-derivative Weyl-and 
gauge-invariant scalar-tensor theories beyond Horndeski

Thanks a lot for attention! 


