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INTRODUCTION AND MOTIVATION

Background of personal motivation

Conjectures and papers of Ashoka Sen and others

a) tachyon matter

b) nonarchimedean/p-adic mathematical background of 
strings, branes and tachyons

• p-Adic numbers and nonarchimedean geometry in 
physics (Volovich, Dragovic …)

• p-Adic and adelic strings (Volovich, Freund, Witten, 
Shatashvili, Zwiebach …)

• p-Adic inflation (Barnaby, Cline, Koshelev …)



INTRODUCTION AND MOTIVATION

• The inflationary universe scenario in which the 
early universe undergoes a rapid expansion has 
been generally accepted as a solution to the 
horizon problem and some other related problems 
of the standard big-bang cosmology

• Quantum cosmology: probably the best way to 
describe the evolution of the early universe, 
however …

• Recent years - a lot of evidence from WMAP and 
Planck observations of the CMB



OBSERVATIONAL PARAMETERS
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OBSERVATIONAL PARAMETERS

• Satelite Planck
(May 2009 – October 2013) 

• Latest results are published
in year 2016.

Planck 2015 results: XIII. Cosmological parameters, Astronomy & Astrophysics. 594 (2016) A13

Planck 2015 results. XX. Constraints on inflation, Astronomy & Astrophysics. 594 (2016) A20
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TACHYONS

• Traditionally, the word tachyon was used to describe a 
hypothetical particle which propagates faster than 
light (Sommerfeld 1904 ?).

• In modern physics this meaning has been changed

• The effective tachyonic field theory  was proposed by A. Sen

• String theory: states of quantum fields with imaginary mass 
(i.e. negative mass squared)

• It was believed: such fields permitted propagation faster 
than light

• However it was realized that the imaginary mass creates an 
instability and tachyons spontaneously decay through the 
process known as tachyon condensation



TACHYION FIELDS

• No classical interpretation of the
”imaginary mass”

• The instability: The potential of the
tachyonic field is initially at a local
maximum rather than a local
minimum (like a ball at the top of
a hill)

• A small perturbation - forces the
field to roll down towards the
local minimum.

• Quanta are not tachyon any more, but rather an 
”ordinary” particle with a positive mass.
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TACHYON INFLATION
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TACHYON INFLATION
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TACHYON INFLATION

•

Energy-momentum conservation eq.

Friedmann eq.

Friedmann acceleration eq.



CONDITION FOR TACHYON INFLATION

•



INITIAL CONDITION FOR TACHYON INFLATION
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BRANEWORLD UNIVERSE

• Braneworld universe is based on the scenario in which 
matter is confined on a brane moving in the higher 
dimensional bulk with only gravity allowed to 
propagate in the bulk. 

• N. Arkani-Hamed, S. Dimopoulos, and G. Dvali, Phys. 
Lett. B 429 (1998) 

• L. Randall and R. Sundrum, Phys. Rev. Lett. 83 (1999) 
3370 (RS I) 

• L. Randall and R. Sundrum, Phys. Rev. Lett. 83 (1999) 
4690 (RS II) 

• 1998 ADD / 2000 DGP



D-BRANES, COSMOLOGY WITH
EXTRA DIMENISONS

• 1999 – RSI and RSII 

• We will consider the Randall-Sundrum scenario with a 
braneworld embedded in a 5-dim asymptotically Anti de 
Sitter space (AdS5) 

• One of the simplest models

• Two branes with opposite tensions are placed at some 
distance in 5 dimensional space

• RSI model – observer reside on the brane with negative 
tension, distance to the 2nd brane corresponds to the 
Newtonian gravitational constant

• RSII – observer is placed on the positive tension brane, 2nd

brane is pushed to infinity



RSI MODEL
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RSII MODEL
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RSII MODEL
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RSII MODEL
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RSII MODEL
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NONDIMENSIONAL EQUATIONS

• Substitutions:

4

8 2

8 2

2 8 2

10 2

5 8 2

1 /

4 3 /
3

2 1 /

4 3 /
3

1 /

h

h








 




 



 

 


  

  
  

   

  
 

   







  




  











2 2

2 2

8

1
3 12

Gk

a
h

a

 

 
 



 
   

 



2

2
2

2 2

2
2 2 3

4

2
2

4 2 3

1 ,

sinh ,
6

2
sinh ,

6 3

1
1 / ,

2

1 1

2 1 /

d

d

p

  


 

  
 




  




 

  



 

 
  

 
 

 
   

 
 

  

 


 




Nondimensional constant

Hubble 

parameter

Preassure

Energy

density

2 2

( ) 1
2 6

h p

N h

 
 

 
    

 







Additional equations,

solved in parallel
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INITIAL CONDITIONS FOR RSII MODEL
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ESTIMATION OF INITIAL CONDITIONS
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OBSERVATIONAL PARAMETERS
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NUMERICAL RESULTS



•

45 120

1 25

N



 

 



• Free parameters from 
the interval:

• Approximate relation:

• RS model

• Tachyon model (FRW)
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TACHYON WITH AN INVERSE POWER-LAW 
POTENTIAL IN A BRANEWORLD COSMOLOGY

Here, we study a quite similar tachyon cosmological 
model based on the dynamics of a 3-brane in the 
bulk of the second Randall-Sundrum model 
extended to more general warp functions, i.e. with a 
selfinteracting scalar

• As a consequence, on the observer brane G is 
modified to be the scale dependent four-
dimensional gravitational constant. A power law 
warp factor generates an inverse power-law 
potential V ~ φ



TACHYON WITH AN INVERSE POWER-LAW 
POTENTIAL IN A BRANEWORLD COSMOLOGY

• Introducing a combined dimensionless coupling

• and dimensionless functions, in the same way as it was done for the
previous models, we obtain the following set of equations

• Where

• We analyze in detail the tachyon with potential
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TACHYON WITH AN INVERSE POWER-LAW 
POTENTIAL IN A BRANEWORLD COSMOLOGY
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NEW RESULTS
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ONGOING RESEARCH - RSII AND 
HOLOGRAPHIC COSMOLOGY

• Here we present unpolished results and ongoing 
work



AdS/CFT  correspondence is a holographic duality between 
gravity in d+1-dim space-time and quantum CFT on the d-dim 
boundary. Original formulation stems from string theory:

Conformal 
Boundary 
at z=0

AdS bulk
time

Equivalence of 3+1-dim
N =4 Supersymmetric YM Theory 
and string theory in AdS5S5

Examples of CFT:
quantum electrodynamics,
N =4  Super YM gauge theory, 

massless scalar field theory,
massless spin ½ field theory

J. Maldacena, Adv. Theor. Math. Phys. 2 (1998)

Connection  with AdS/CFT
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We start from AdS-Schwarzschild static coordinates and make 
the coordinate transformation                                 .     The line 
element will take a general form

Imposing the boundary conditions at z=0:
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Holographic cosmology 
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we obtain the induced metric at the boundary in the FRW form



Solving Einstein’s equations in the bulk one finds
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Comparing the exact solution with the expansion
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from  Einstein’s equations on the boundary we obtain the 
holographic Friedmann equation
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Holographic map 
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The time dependent bulk spacetime with metric

may be regarded as a z-foliation of the bulk with FRW cosmology 
on each z-slice. In particular:
at z=zbr: RSII  cosmology,   at z=0: holographic cosmology. 
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and the inverse relation 
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Holographic map 
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CONCLUSION

• We have investigated a model of inflation based on the dynamics of a 
D3-brane in the AdS5 bulk of the RSII model. The bulk metric is 
extended to include the backreaction of the radion excitations.

• The agreement with observations is not ideal, the present model is 
disfavored but not excluded. However, the model is based on the 
brane dynamics which results in a definite potential with one free 
parameter only.

• The simplest tachyon model that stems from the dynamics of a D3-
brane in an AdS5 bulk yielding basically an inverse quartic potential.

• The same mechanism lead to a more general tachyon potential if the 
AdS5 background metric is deformed by the presence of matter in the 
bulk, e.g. in the form of a minimally coupled scalar field with an 
arbitrary self-interaction potential. Critical values for the inverse 
power potential are found.
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