
Ali Seraj
Fall 91



 Intro Intro
 Dynamical degrees of freedom
 Propagator
 Example:EM

F(R) theories of Gravity
t spectrum

F(R,Ricci) theories of Gravity
 spectrum spectrum
 Ghosts

 conclusion conclusion



Degrees of 
freedom

Gauge 
s mmetr

)(Φ.)(Φ .4 kekdx xik

Physical d.o.f

symmetry

Field 
equations

Dynamical 
d.o.f



)()()( 22 G  

~

)()()(

)(422)(4

22 xxxxGm

ikikTF i



 



.)()(. ).(422).(4.  ekdkGmkekd xxikxxikTransFourier    

)||(
1

)(
1)(~

22222 mkmk
kG





 





Propagators in QFTPropagators in QFT

Peskin,Schroeder,  An Intro to QFT ,1995 
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Massless field(particle) with 2 
degrees of freedom



Fourier TransformationFourier Transformation

fix the gauge freedom fix the gauge freedom

Apply the E O MApply the E.O.M

Extract dynamical D O FExtract dynamical D.O.F 

Analyze # and spin of D O FAnalyze # and spin of D.O.F



Dynamical
Theory Spin Mass

Dynamical 
Degrees of 

freedom

EM Spin 1
Photon 0

2 transverse
Left/right 

polarizationspolarizations

GR Spin 2
Graviton 0 2 transverse

Modified
gravity ? ? ?



 Action

 Field equation Field equation

 Linearization 



Spectrum
Number of 
dynamical Spin MassSpectrum dynamical 

modes
Spin Mass

scalar 1 0

graviton 2 2 0



K.S Stelle (1977)K.S Stelle (1977) 
Renormalizability of   f(R,Ricci) Theories of 

Gravity
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ActionAction

Field equtions

 Linearized fied equations



Green’s function

Ghosts!
 Negative Norm in Hilbert spaceNegative Norm in Hilbert space
 Negative probability
 Non-Unitarity

N ti E it ti Negative Energy excitations



Number of
Spectrum

Number of 
dynamical 

modes
Spin Mass

scalar 1 0

graviton 2 2 0

tensor 5 2

The tensor mode is a ghost
and can be a Tachyon



 a method for extracting dynamical degrees of g y g
freedom

 Modified gravity theories can be Renormalizable
but they have ghost degrees of freedom so make 
the theory problematicthe theory problematic

 Maybe the ghost can disappear with a suitable 
fine tuning of parameters
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