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fiective field theory of Inflation: condensate + fluctuations

H>mall parameters: H/VIp + slow roll BXpansion in

Fluctuations: Initial conditions, backreaction and the Quadrupole




Effective field theory basics
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sNearly scale invariant spectrum of temperature fluctuations

= Need > S50 e-folds to solve horizon....problems
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Curvature perturbations (Gaussian):

Boundary conditions and Quadrupole suppression

COBE, WMAPI, WMAPIIl -
Vp = .;SLIJW(@(’EQ/H obeys a wave eqn. in conformal time 77

during slow roll
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Solutions with Bunch-Davies b.c.
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General solution: S(k;n) = A(k) g, (k;m) + B(k) |gv(k;n)|”

With normalization condition \A(k)ﬁ — ‘B(k)‘g — 1

Quanizanon;
ve(n) = apS(k;n) + (‘LLS* (k;n) B(k)=0 == B.D. vacuum

Power spectrum |
P(k) = (0]|0%x[*[0) = Prp(k) [1 + D(k)]

H (‘“v‘)”“ Transfer function for boundary conditons
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Conditions on D(k):

> Negligible backreaction on Einstein’s eqgns.
> Finite 1,
»Renormalization ofTHU with counterterms indep. of b.c

> D(K) falls faster than 1/k*

Change in b.c.— change in C,
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Q. What 1s the origin of D(k)?? (what determines the b.c.??)
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A: a fast-rolf stage PRIOR to siow roll

Allowing for RAPID variation of the condensate (;b
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Depends on high(er) derivatives of (’25 . neglible in slow roll iarge for fast roll

WHEN? large INITIAL gb but large FRICTION term = _
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Executive summary:

<*Initial conditions: set by a fast rolf stage prior to slow roll
<»Fastroll ~ GENERIC initial condition with kin. ~pot. energy
<»Fastroll: localized attractive potential in mode equations
<*D(k) = transmission coeff. = transfer function

<+ Suppression of low multipoles

Analysis: fast roll ~ 2-3 e-folds, IF kK Q crosses horizon ~ 2-3
e-folds after beginning of slow rolf ~ 15-20% suppression!

Quad. suppression mechanism WITHIN eff. field theory



New vs. chaotic inflation and reconstruction program:

confronting WIVAP 3

Implement eff. field theory + slow roll as 1/Ne expansion to systematically
explore a large ““family’’ of inflaton potentials.

ns = 0.958 +0.016 (assuming » = (0 with no running)

r < 0.28 (95% CL) no running
r < 0.67 (95% CL) with running
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Slow Roll expansion: a hierarchy of dimensionless parameters:
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as a 1/Ne expansion:

1 Pend d
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(}é — \/EMP X - Rescale field

V(¢) = Ne M* w(x) O
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| - value of X at the END of inflation

| PF(XC)F , 77?.;:]\178 i:f((;))

Explicit dependence on Ne: SIMPLE RESCALING
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n, — 1= —6e, +2n, ~ 1/N,
r = 16¢, ~ 1/N,

dn, 2 [w'(xow"(xe) . [w(xe)]t , [W(xe)] W' (xe)
dlnk N2 { w2(x.) 3 {W(Xc)] e w3 (Xe)

Simpie scaling witiy 1/iN_ e, choose N = oU asirepresentative

ARy O polentals

1 A
V(Qf)) = Vo — 9 m? @2 - o™ qbgn , broken symmetry
1 A
V(Cb) — 5 mg Cbg + ﬁ ngn ,unbroken symmetry
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Rescale fields and couplings:
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Conditions for number of e-folds

[ X determines the value of the field Ne e-folds before the end of inflation

Q X0 determines the value of the coupling for which the value of X is Ne
before the end of inflation

1) Vary X, find X0 construct w[x] and derivatives

2) Find €, Mys Ny, T, dns/dln k as a function of X
3) Plot parametrically
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dNs/dIn(k)

RESULTS
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dNs/dIn(k)
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RECONSTRUCTION: Ne =50

New inflation small field: region of consistency with WMAP 3
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FINAL—FINAL SUNMMARY AND CONCLUSIONS

v Effective field theory H/Mp <<1, 1/Ne-slow roll expansion robust,
systematic, predictive

v Quantum corrections suppressed by (H/Mp)"2

v' Fast roll stage prior to slow roll —9 modifies b.c. for scalar
perturbations —p quadrupole suppression ~ 15-20% for total Ne ~ 5.

v 1/Ne expansion —P systematic exploration of family of inflaton
potentials+ field reconstruction .

v Small field New Inflation larger region of consistency with WMAP3+L 5SS
data.

v' Potentials with larger overlap with marginalized WMAP 3 data
symmeltry breaking scale ~ 10 Mp, crossing scale ~ Mp.
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