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dear p rof shel lard,
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"New Ekpyrot ic Cosmology and Non-Gaussianity".

looking f orward t o th is excit ing meet ing!
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Detection of primordial non-Gaussianity (fNL) in the WMAP 3-year data at 
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Ekpyrot ic Cosmology

Before big bang, universe underwent a long phase of slow 
contr act ion

(Spiritua lly the o pposit e of inßa t ion)

This is dr iven by a s calar Þeld w ith s teep, negat ive potent ial:
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Leads t o scaling solut ion, cor responding t o slow contr act ion
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Origin of s cale invar iance 
Since         , s cale f act or is n ear ly constant  => ignore gravity ! ! 1
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Moving on t o per tu rbat ions: 
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However th is t ime- delay mode exactl y proje cts o ut the cu r vatu re
pertu rbat ion       => n ot s cale invar iant  

Problemat ic because    is c onstant o n super -hor izon scales (in the  
absence of en tr opy per tu rbat ions). This is tr ue independent of GR   

Lyth, he p-ph/ 0105153
JK, Ovrut, Steinhardt an d Turok, hep-th/ 0109050
Brandenberger an d Finelli, hep-th/ 0109004

Lyth, Ma lik and Sasaki, astr o-ph/ 0411220

Caveat: N ew (str ingy) ef f ects a t the sin gular ity c ould save the 
day by mixing the t ime- delay and cur vatu re modes

Tolley, Steinhardt an d Turok, hep-th/ 0306109
McFadden, Turok and Steinhardt, hep-th/ 0512123
Bat tefeld, Pat il an d Brandenberger, hep-th/ 0401010

!

!



I dea: Consider scale invar iant entr opy per tu rbat ions,
convert i t o nt o cur vatu re per tn, so tha t     is s cale 
invar iant wel l be fore the bo unce
 

!

Lehners, McFadden, Turok and Steinhardt, hep-th/ 0702153

Buchbinder, JK and Ovrut, hep-th/ 0702154
Creminelli and Senat ore, hep-th/ 0702165



New Ekpyrot ic Cosmology

Consider 2 s calar Þelds, each w ith i ts o wn ekpyrot ic potent ial:

V (φ1, φ2) = ! V1e! ! 1 / ! 1 ! V2e! ! 2 / ! 2

Again th is leads t o scaling solut ion
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However not  an at tr act or be cause of tachyonic instability

Lehners, McFadden, Turok and Steinhardt, hep-th/ 0702153
Buchbinder, JK and Ovrut, hep-th/ 0702154
Koyama and Wands, hep-th/ 0703040



Tachyon most ea sily seen by using new Þeld var iables
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in t er ms of w hich the p otent ial be comes
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Scaling soln cor responds t o rolling
along     , w hile     r emains Þxed.! !



Tachyon is good

Since     is Þx ed, its ßuc tuat ions are entr opy per tns. !

Key f eatu re of p otent ial: V,χχ = V,φφ = !
2
t2

fr om scaling solut ionfr om for m of p otent ial
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Subst itut e in p er tn eqn:

which implies a scale invar iant sp ectr um

Tachyonic dir ect ion is the refore essent ial in g enerat ing
scale-invar iant en tr opy per tn sp ectr um.



Convert ing t o cur vatu re per tn

Entr opy per tn sources    o n large scales!

ú! !
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where                      de scr ibes the an gle in Þeld spacetan θ(t) = úχ/ úφ

Sharp tu rn in Þeld tr aje ct or y impr ints
scale-invar iant      o nt o cur vatu re 
per tu rbat ion 

! "

Alternat ive conversion mechanisms:
Koyama and Wands, hep-th/ 0703040
Bat tefeld, hep-th/ 0710.2540
Lehners et a l., hep-th/ 0702153



Final Amplitu de

In sharp tu rn approx,
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where     is Hub ble at the en d of ekp yrot ic phase,
and        is o verall c hange in Þeld dir ect ion.
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Near ly i dent ical t o inßat ionary expression
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What a bout the bo unce?

Using ghost c ondensate mechanism, can generate a non-singular
bounce, without in tr oducing ghosts o r o the r pathol ogies

Creminelli, Luty , Nicolis and Senat ore, JHEP 12, 080 (20 06)

Buchbinder, JK, Ovrut, hep-th/ 0702154

Can successfully merge the ekp yrot ic phase with th is subsequent
ghost c ondensat ion phase

Find tha t      g oes thr ough the bo unce unscathe d and emerges
in the ho t big b ang phase with a s cale-invar iant sp ectr um.

!



Non-Gaussianity
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where      a re expected t o be O(1)   ! i

2 sources of n on-Gaussianity :

-- In tr insic NG because of      self-in t eract ions: ! " !δχk1 δχk2 δχk3 "

(Since             , cu r vatu re per tn inhe r its th is NG.)! ∼ "#

-- N on-l inear r elat ion between      an d       :! ! "

! (x) = a1"#(x) + a2"#2(x) + a3"#3(x) . . .

(Local f or m) 



Both c ontr ibut ions give NG of local f or m:
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"

i.e. encoded in a sin gle parameter f NL

WMAP 3- year: 

Yadav & Wandelt (20 07):                                 a t 95%CL 

! 36 < f NL < 100

26.9 < f NL < 146.7

Result is g ener ically large:
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Buchbinder, JK, Ovrut, hep-th/ 0710.5172

See also:
Creminelli & Senat ore, hep-th/ 0702165
Koyama et a l, hep-th/ 0708.4321
Lehners & St einhardt, t o appear



NG offers dist inguishing predict ion fr om single-
Þeld, slow-r oll inßa t ion

Large inßat ionary NG can be obt ained in
DBI inßat ion, modulon/DGZ mechanism & cur vat on

Dif f erent sha pe f or
3-pt fu nct ion

*                      g ener ically

* I dent ical shape f or 3-p t
* Dist inguishable with 4 -pt
   fu nct ion

fNL !
1

! !
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Four -point ampl itu de:
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Therefore have tw o shape parameters:          &! NL κNL
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Both a re gener ically l arge:

WMAP (est imated): 

Planck: 

! NL < 104

! NL < 600
Kogo & Komatsu (20 06)



Explicitl y:
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where r ecall tha t       a r ise fr om self-in t eract ions 

V (! , " ) = ! V0e! ! / !
!

1 +
" 2

2! 2 +
#3

3!
" 3

! 3 + . . .
"

! i

! i

By contr ast, simplest cu r vat on models rely on a (fr ee) massive 
scalar Þeld  t o generate entr opy per tu rbat ions          a re zero!

! ! NL ! f 2
NL

! NL ! f NL

(as in our c ase)

(much smaller)

Hence, shape of 4 -pt is g ener ically dif f erent

Byrnes, Sasaki & Wands (2006)



Kallosh, Kang, Linde & Mukhanov, hep-th/ 0712.2040

Naively the re is a g host:
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which r eproduces or iginal    u pon integrat ing out   .  Can diagonalize
kinet ic t er m by shif t ing               :
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New Ekpyrot ic Ghost:

Creminelli et a l, hep-th/ 0505147

However, mass of g host is a t the cu t off, so canÕt tr ust i t. New 
physics at s cale    c an remove it.Λ
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Our model:
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Near the bo unce, dispersion r elat ion is
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where     t er m is important w ith in r egime             an d  k4 ! 2 ! ! 2k2 ! ! 2



Summary:

New Ekpyrot ic Cosmology is a c andidate alt ernat ive theo ry
of the ea r ly universe.

Predict ions:

* Amplitu de and spectr al t ilt: i dent ical t o inßat ion

* NG gener ically much larger than sl ow-r oll inßa t ion

* Negligible pr imordial g ravity wa ve amplitu de on large scales












