
Scale Invariance with non metric 

measures, Inflation,  Dark Energy 

with No 5th Force, etc.

Eduardo Guendelman, Ben Gurion 
University,Israel.

Talk at the CANTATA 4th CONFERENCE, 
TUZLA, October 9th, 2019.



We introduce 4 scalar fields in  4-D 

Which will play an important geometrical 

role, by the way, other authors have found 

that 4 scalar fields in  4-D can be used to 

define a generally covariant mass term for 

the graviton . A simpler use  of four 

scalars in 4D is to define a new MEASURE.

Can also define this measure  from  the curl of a 

3 index field, but we will work with the 4 scalars.



The Basic Idea of the Two 

Measures Theory (TMT)





Softly Broken Conformal 

Invariance, simple example









Now we will solve for the scalar









Effective Potential for Exponential 

forms of U and V (scale invariance)



The 2nd order formulation

A similar looking action, but where we use 

the second order formulation leads to very 

different results, in particular the ratio of 

the two measures is not determined by  a 

constrained, rather

It becomes a new degree of freedom that 

could play the role of a curvaton , see
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Related developments and things 

that I will not cover in this talk
A related development to the Two MeasuresTheory (TMT) 

is the recently studied “Lagrange multiplier gravity” (LMG), 

where a Lagrange multiplier field is introduced so as to 

force some lagrangian to be zero, instead of a constant. 

These two approaches are very much related, just that for 

the “dictionary”, we must incorporate in the LMG the 

constant of integration M into the Lagrangian that is being 

forced to vanish. TMT predates LMG. A very rich subject 

that I will not talk on here concerns  the use of TMT or LMG 

for obtaining dark matter in addition to dark energy. See for 

example papers with Singleton and Yomgram and more 
recently with Nissimov and Pacheva.

UNIMODULAR THEORY IN TMT FORM:

. 









Potential with 2 flat regions M<0



For M>0, we can get a 

“quintessential inflation” potential



• Another flat region is also obtained for the

other extreme, the dilaton field goes to

plus infinity. If the constant of integration M 

is negative, there is a local minimum at 

zero for the effective potential,  the value

of the vacuum energy density in this

región is 0.25

• One can then

get a very small vacuum enery if f_1<<f_2.  



in more details the Einstein frame



SCALE INVARIANCE AND 

AVOIDANCE OF 5th FORCE
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