
Dark Photon

・ A candidate of DM (Dark Matter)

・ U(1) Gauge boson (A’) associated 
with dark sector.  

It has very similar structure as QED, 
like “dark(invisible) photon”

・ Re-normalizable theory
There are many models which is not re-normalizable, 
called as a Effective Field Theory (EFT) 
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QED Analogy 

Lagrangian of QED 

Maxwell’s equations
Dirac equation
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Lagrangian of Dark Photon 

QED Analogy 
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Mass term by spontaneous symmetry breaking

Mixing term with QED (SM) side  
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Mixing 

Change of Base (A B)

---- Diagonal 

---- But,  both                  couple to currents  /A A 

Notation from, Nuclear Physics B 887 (2014) 441



Experimental Constraint

A. Beam-dump constraints

B. Precision QED constraints

C. Cosmological bounds

D. Supernova

-- Four categories are explained in the paper --

Almost no constraint to 
compared with the other



A.  Beam(-dump) constraints

Upper limit on B.R. of K

K A

 

  

 

  



  

・LSND experiment:  
famous for motivation of sterile-neutrino, 
but this time, the upper limit on B.R. of  0 0( ) / ( )all       

0 A    , and  e e 

Where Cherenkov light is observed from final electron as if 

・E787/E949 experiments @ BNL

K A     

・Axion search from E137 @ SLAC

……  



BESII 
J/y->invisible



B. Precision QED constrains (g-2 experiments)

Spin S and the magnetic moment M of a particle is given as 

where g==2 is determined from Dirac-equation 

= 0  ,   if g=2

・But if we calculate the process with higher order, , ,    

0



Order of the correction , , ,  

From “The muon anomalous magnetic moment”  
by  A. Hocker (CERN) and W. J. Marciano (BNL)



Contribution from SUSY ?

Discrepancy between experiment and theory calculation 



Contribution from dark photon

From “Results and 
perspectives in dark 
photon physics” by 
M. Raggi and 
V. Kozhuharov





T. R. Slatyer, N Padmanabhan, and D. P. Finkbeiner, 
Phys. Rev. D 80, 043526 (2009)

C.   Cosmological constraints  -- CMB

Dark matter annihilation can modify 
the observed temperature and 
polarization fluctuations of the CMB. 

 A e e   

・ Abundance of the DM is known 

・ CMB fluctuation is measured by 
COBE, WMAP, Plank, , ,  

Constrain about this cross-section is derived.  



Reference : CMB fluctuation from WMAP/Plank



・

・ If  mixing  is large enough,  then annihilation 
process happens so frequently  DM 

(      is not dominant component of DM)𝜒

-- It is explained that above relation is derived from the 
result of the observations with constraints
by assuming mass hierarchy, particle-antiparticle 
symmetry , and so on.





arXiv:1702.03327v1 [hep-ex] from BaBar collaboration



Main arguments of this paper (especially, after $4 (page 5) )

-- Limits of a forward calorimeter experiment --



Schematic of assumed experiment setups 
Summary of backgrounds 
(Scenario B)

Since it is too detail,,,  I just bring a slide of “LDMX” next 



From a slide “The LDMX EXPERIMENT” , Jeremiah Mans (University of Minnesota), Oct 2016

SLAC

Light Dark Matter eXperiment (LDMX)














