Nonlocal Cosmology
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Problem: What is making the universe
accelerate?
e FLRW: ds? = —dt? + a?(t) dx - dx

e General Relativity with |
a(t)

e ACDM works




Scalar Quintessence Works

* L=-%0,00,09"\/[=g —V(®)y=g

e Given a(t) =» Reconstruct V()

> () = fot [ dt

—H(t")
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e But who ordered that?




f (R) models don’t really work

r = [R=7
161G

Unique solution which gives ACDM is . ..

Hence deviations occur even at 0t" order!
And there are other problems




Modifications of Gravity

* f(R) only local, invariant, stable & g,,,-based

e Retain locality and sacrifice invariance

e Retain invariance and sacrifice locality for:




Isaac Newton’s Take on Nonlocality

“that one body may act upon another at a
distance thro’ a Vacuum, without the Mediation
of any thing else, by and through which their
Action and Force may be conveyed from one to
another, is to me so great an Absurdity that |
believe no Man who has in philosophoical
Matters a competent Faculty of thinking can
ever fall into it.”




Was Newton too Harsh?

e | don’t think so

* Primordial Inflation =» IR gravitons

for EVERY wave vector

e But for now, just model-building




Late-Time Acceleration
(arXiv:0705.0153 with Deser)

Sl - |
Nonlocality via Efor 1= ﬁau(\hggwa\,)

ActitonR=> X = éR is dimensionless

= RO+O1V=7
161G

Field equations: Gy, + AGy, = 8nGT,,,




Field Equations Causal & Conserved

Invariance implies conservation
But variational symmetry precludes causality

“Partial Integration Trick”

True derivation from Schwinger-Keldysh




Specialization to FLRW:
ds? = —dt? + a*(t)dx - dx
e R =6H + 12H?

s [Bf] @ = — gy s fy de” P F ()

 Two Built-In Delays:

=>»No modification until t,, ~10° years

DX~ —15at t ~ 100 years




Reconstructing ACDM (arXiv:0904.0961 with Deffayet)

f(X) = 1/4[tan1 (X 121) — 1]




Screening

e Solar system a problem for f(R) models

¢ f (ER) models avoid this problem

O

= éR < 0 for cosmology

2 -ER > ( for gravitationally bound systems




s

Local Version Is Haunted
(Nojiri & Odintsov, arXiv:0708.0924)

* R[1+ f(2R)] & R[1 + f($)] + &[0 — R]

¢ > —0,80,6g""

¢ — ¢ has negative kinetic energy

 Mixing with gravity doesn’t help




No new initial value data for the
original nonlocal version

Synchronous gauge:

GR initial value data:
** 4+4 constrained fields
¢ 2+2 dynamical gravitons

NC initial value data =2 count the d;’s

Hence h;; (0, x) & ftij (0,x), butwhat are they?




Initial Value Constraints Identical to

General Relativity
» Recall G, + AG,,, = 87GT,,

e Retarded BC =» both é & atévanish att =0

e Synchronous constraints = AGyy and AGy;




No Ghosts =» Check the 9/ Terms

* Recall G,y + AGy, = 8nGT,,

* Dynamical equations = G;; + AG;; = 8rG T

* Gij +AG;; > 1/2{1 + f(X) +é[Rf’(X)]}h,;j +lIrrelevant




A problem with how the model

reproduces ACDM without A
e For FLRW with slowly varying H(t)

e This is effectively a time-varying Newton constant

* But G.rr(t) also strengthens the force of gravity




What Dodelson & Park Did
(arXiv:1209.0836 & 1310.4329)

* Plane wave scalars: §(G) + AG)') = 8nGST,

« Of(X) =f'(X) 56X
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What Dodelson and Park Found
ds? = —[1+ 2¥(t)ek*|d¢?
+a?(t)|1 + 2d(t)e™*|dx - dx
Nonlocal Cosmology predicts:

Relevant data sets:

Preference of GR over Nonlocal Cosmology:

Data favors a less highly evolved universe




Most data below BOTH Nonlocal
Cosmology & General Relativity




Beyond AL = Rfix)‘/fg for X = éR

61TG

Model gives G, s (t) but we want Agsr(t)
arXiv:0904.2368 (with Tsamis)

: A
Fix plgl = —o—+ AN*F(—GAX[g])
Determine p[g] and v, [g] by conservation

= Universe inflates, then ATW = ( for radiation domination
= But disaster at matter domination

arXiv:1001.4929 (with Tsamis)

arXiv:1106.4984 (with Deffayet & Esposito-Farese)




Conclusions

Nonlocal gravity not fundamental

Simplest model based on Rf (éR)

Probably BETTER than GR with 2"9 invariant
Desirable properties




