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Asymmetric cosmology
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Symmetric cosmology (the subject of this talk)
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Energy conditions and spatial curvature

@ At the bounce :
a>0 and H=0 and a">0

@ Energy conditions at the bounce :

/!
ga2 (p+P)=K— ‘% (NEC)

a//

F 2 __7
62 (p+3P) . (SEQ)

= If £ >0, only the SEC is violated

e Additional tools : ¢, standard kinetic term, and V()
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Potential for ¢

@ dS limit, Aand X >0 :
t
a(t) = ay, cosh <>
b

a(t) = ay, cosh (wt) w # agl

@ Departure from dS :

@ Time expansion of a, ¢ and V() for n ~ 0 and solve FE's and KGE :

dv d?v
QOb:O, SDII:Ov VQOb :V07 -5 | =Y - 5 SO
b ( ) dSDb dSOZb
e Form of V(y) :
2
B oo A g
4 =Vy— — —
(v) 0 2<P+24<P

Martin & Peter (2003); Falciano, M.L. & Peter (2008)
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Classical ¢ field evolution
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Minimal setup & background cosmology
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Minimal setup & background cosmology

Cosmological evolution Qx = —0.002
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Cosmologlcal evolutlon
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Bardeen potential vs Mukhanov-Sasaki variable

@ Bardeen potential : ® — u
uy + [k2 — Vu(n)] u, =0
"\ 2 "
Vu(n) = H?+2 (90,> R Yo
¥ ®
@ Mukhanov-Sasaki variable v :

; / 2K
V= —— (5@%) + 20— ¢k>
Xk K7lp

H He'
7
Vo(n) = 2k 43K(1-c?) 1 if K/ <1
Zy S
/ Xk =
zx = a Ld f(k%,c2) otherwise
Hxk

Garriga & Mukhanov (1999); Hwang & Noh (2002); Martin & Peter (2003)

Far from the bounce v — vi2t
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Strategy
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Potential for uy(n)
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Perturbations

Solving for uy(n) through the bouncing phase

e EOM's for uy(n) :

1
uZ+[k2—Xi<€1+€22>] u =0

@ Solutions for uy(n) :

u=(n)

N [U;ngl)(kx,) + U;Hlﬁz)(kx,)}

and

wt(n) = Vo |UF HO (k) + UF HP ()|
@ Matching atn =10

. 2
Uy Uy (o) — i) e'tkn=m) An=mny —1n-
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vk(n) far from the bounce

e Solutions for v, (K/a? ~ 0) :
v () = ko [v; HO (k) + V;HgZ)(kx_)}
Vi) = VR [Vf“HL(,l)(kar) + V2+Hé2)(kx+)}
@ Relate v and v :
3\Y2 uy 5 vy’
v = (H> 0 <5> and k‘u=—z (;) for K=

@ Yields for v, and v;r :

Vit =V (ox+ i) e i(kAn=me)

Vit = Vi (o — i) eltkAn—me)
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Perturbations

Initial conditions for vi(n) : a worked example

@ Ansatz for V| and V, :

Vi = \g% c1k /26l and V, = \g? G kB2 ¢i02

@ Wronskian condition :

Vi = \éﬂ ’k71/2ei91 and Vy = \27? }1 . 2‘1/2 )~ 1/2 gi02
@ Bunch-Davies limit :

6>

NN e

s
0Ty

Marc Lilley (APC) PFNG 2010 HRI

December 15, 2010 17 / 22



Perturbations
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Primordial power spectrum (1/2)

@ Modification to Pgtd :

Prstd = 21— P = 2[1 = P2 [cos(2k Aty — 62)
—m(2€e1 + €2) sin(2kAn + 61 — 62)]
Oscillatory frequency :

4(1 +Zb)
w

th—1 1+ 2.
ke = Kphys { arctan {tanh %} +2(1+a) %}

*

Bounce time interval :

t+

1 1
+ _t, = = cosh™! [ie_lvinf}
w

1+ Zena
Parameter w

2
w:\/nV 75\179\(1+zb)H§

Low frequency oscillation :

=k~n+1-1/2n { An = mm 4+ mdn

k>0 for (n>1) Q| — large
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Pri al Spectrum

Primordial power spectrum (2/2)
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C/'s and Ps(k) for Q = —0.02
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Conclusions and outlook

@ Non-singular cosmologies are well-motivated by fundamental theory
(quantum gravity), effective theories, and are desired for cosmological
reasons.

@ If we believe in inflation and allow XC > 1, bouncing cosmologies are a
distinct possibility.

@ This explicit example demonstrates that, in principle, features
reflecting the bouncing timescale can be present in data.

@ There exists a direct connection between the redshift of the bounce
and the frequency of oscillations.

@ Oscillations are linear in k (# transplanckian).

@ The amplitude of oscillations is almost decoupled from their
frequency.

@ The amplitude of oscillations is proportional to the deviation of the
initial state from BDV.
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