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Ekpyrotic Cosmobgy

Before big bang, universe underwent a long phase of slow

contr action
(Spiritually the o ppostte of inf3a tion)

This is driven by a scalar Peld w ith steep, negat ive potent ial:
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Leads to scaling solut ion, corresponding t o slow contr act ion
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Origin of s cale Iinvariance

Since ! I | calefactoris nearly congant => ignore gravity
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Moving on to perturbations
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However th Is t Ime-delay mode exactl y proects o ut the cu rvature
perturbation | =>n ot scale invariant

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

Problemaic because ! is ¢ ongant o n super-horizon scales (in the
absence of entr opy perturbations). This is tr ue independen of GR

Lyth, Ma lik and Sasaki, astr-o-ph/ 041220

Caveat: N ew (str ingy) effects at the sin gularity ¢ ould save the
day by mixing the t ime-delay and curvature modes
Tolley, Steinhardt an d Turok, hep-th/ 0306109

McFadden, Turok and Steinhardt, hep-th/ 0512123
Batefeld, Patil an d Brandenberger, hep-th/ 0401010



| dea: Cansider scale invariant entr opy perturbations,
convertitonto curvature pertn, so that liss cale
invar iant wel | before the bo unce

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

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



New Ekpyrotic Cosmobgy

Consider 2 s calar Pelds, each with i ts own ekpyrotic potential:

V(¢11¢2) — ' Vle! L1 1! VQG! 1 5/ 1 5

Again th is leads to scaling solution

alt) | (" DXL 102 Lilog gyt

However not an attr actor be cause of tachyonic instability

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



Tachyon most ea sily seen by using new Peld variables
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In terms of which the p otential be comes
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Scaling soln corresponds to rolling
along ! ,w hile : r emains bxed.




Tachyon is good

Since ' is bPx ed, its Buc tuations are erir opy p ertns.
. 2
Key f eature of p otential: Véf V oo :'!\t2
from form of p otential fr.om scaling solut ion
Substitute in pertn egn:
I e t% S

which implies a scale invariant sp ectr um

Tachyonic direction is the refore essertial in g enerating
scale-invariant entr opy pertn sp ectr um.




Coverting to curvature pertn

Ertr opy pertn sources | on large scales
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where tan 6(t) = )dedﬁ scribes the an gle in beld space

Sharp turnin Peld tr ajectory imprints
scale-invariant ! "o nto curvature
perturbation

Alter nat ive conver sion mechanisms
Koyama and Wands, hep-th/ 0703040
Batefeld, hep-th/ 07102540
Lehners et a l., hep-th/ 0702153




Find Amplitu de
In sharp tu rn approx,

H
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where H is Hub ble at the en d of ekp yrotic phase,
and Alis o verall change in beld dir ection.

Nearly iderntical t o inf3ationary expression
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What a bout the bo unce?

Using ghost c ondensd e mechanism, can generate a non-singular
bounce, witho ut in tr oducing ghosts or other pathol ogies

Creminellr, Luty, Nicolis and Senaore, JHEP 2, 080 (20 06)

Can sucaessfully merge the ekp yrotic phase with th is subsequert
ghost c ondensd ion phase

Bucdhbinder, JK, Ovrut, hep-th/ 0702154

Find that | g oes thr ough the bo unce unscathe d and emerges
In the hot big b ang phase with a s cale-invariant sp ectr um.



Non-Gaussianity

: n 2 n 3
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where ! ja re expected to be O(1)

2 sources of n on-Gaussianity :

- In trinsic NG because of !" self-interactions '0Xk; 90Xk, 0 Xks

Since | ~ "#u rvature pertninherits th is NG)

- N on-linear r elation between lan d 1":

1 (X) = ag"#(X) + ax"#%(X) + az"#3(X) ...

(Local f or m)



Bah c ontr ibutions give NG of |ocal f or m:

e ok = (27)3#FP (R, + R, + Rs) ngL [Pc(K1)Pe(ka) + .. ]

i.e. encoded in a single parameter f NL

Result is g enerically large: Buchbinder, JK, Ovrut, hep-th/ 07105172
5 ' 4
fNL_flnt conv — 1——053A(9
M 24(A0)2¢ 3
' See also:
I f U | - 1 Creminelli & Senatore, hep-th/ 0702165
= NL 5 Koyama et a |, hep-th/ 0708.4321

Lehners & St einhardt, t o appear

WMAP 3-year: l 36< . < 10C

Yadav & Wandelt (20 07): 269< f\. < K467 t95%CL



NG offers dist inguishing predict ion fr om single-
peld, slow-r oll inf3ation

Larae inRationary NG can be obtained In
DBI inf3ation, modulon/DGZ mechanism % curvaton

* 1 "
Different sha pe f or Ine ﬁ! Qeel el ically

3-pt fu nction * | dertical shape for 3-p t

* Dist inguishable with 4 -pt
fu nction



Four -p oint ampl itu de:

Yol l kgt = (21)°# (Z%u) [T(k1, k2, ks, ka) + T (K1, k2, ks, ka)]

1
where T(ki, ko, ks, kg) = Q!NL {P: (k1)P: (k2)Pi (K14) + 23 perm.} ;

T'(k1, ko, ka, ka) = " [P (ke)Pi (k2)Pi (k3) + 3 perm.}

Therefore have tw o shape parameters. ! NL& =~ KNL

Bah are generically large:
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WMAP (eSt Imat ed) * NL 104 Kogo & Komasu (20 06)

Planck: Ine < 600
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where recall that ! @a rise fr om self-interactions
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By contr ast, simplest cu rvaton models rely on a (ir ee) massive

scalar beld t o generate entr opy perturbations! '3 re zero
2 ;
! Ine ! NL (s in our c ase)
N f NL (much smaller)

Byrnes, Sasaki & Wands (2006)

Henae, shape of 4 -ptis g enerically different



NEW Ekpyl" 0l iC Gh()St Kallosh, Kang, Linde & Mukhan ovishep-th/ 0712.2040

L =! %(! e 2!12(! b S

Cremnelli et.al, hep-th/ 0505147

Naively the re Is a g host:

1 1
£ = P e | Bl R | < e S
which reproduces original Lu pon integrating out !. Can diagonalize
kinetic term by shifting ! =" + #
1 1 1
— TR (LR < G
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However, mass of ghost is a t the cu toff, so canDtr ustit. New
physics at s cale Ac an remove it.

e.gd L= —%(! e ) %/\2#2
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Integrate out * thenr eproduce original Lw ith c orrection @ e



Our model:

L = M4P(X) +v) 1 L T

2

Near the bo unce, dispersion relation Is

1 2 = | 2IJ{]MFZ"I<2+ o k2)2+

M 4 A?
| gnore Hk erm for a mo ment, th is has tw o poles:
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Henae, in r egime of v alidity of EF T, dispersion relation reduces to
1N\ 2 4
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where k% ermisimportant w ithin regime k?! lah d!%! 1°



New Ekpyrotic Cosmobgy is a c andidate alternative theory
of the ea rly universe.

* Amplitu de and spectr al t ilt: | derntical t o inf3at ion

* NG generically much larger than sl ow-r oll inf3ation

* N egligible primordial g ravity wa ve amplitu de on large scales


















