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SPACETIME METRIC

Flat space:  ds? = —dt? + dz? + dy® + dz?
Or in spherical coordinates:
ds? = —dt? + dr? + r2d02 where dQ?is the angular part

radial distance -

radial distance i ,
il event horizon
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GENERAL RELATIVITY

Lagrangian: £GR — 16;@ \/ —gR

Equations of motion: GWJ — 87TGTHU
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SCHWARZSCHILD METRIC

e Flat space: d-SQ — —dfz —|—d?'2 —|—T'2df2-2

 Schwarzschild metric for a black hole of mass «:

ds? = — (1 _ PGk

r

)dt2+

K = R"P Rype X 5

radial distance

radial distance Jl

dr? + 12d0)?

event horizon
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GENERAL RELATIVITY

 Works well at large
distances

* Breaks down at short
distances — produces
singularities
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INFINITE DERIVATIVE GRAVITY (IDG)

o
Lipc = 557

where F?, (

* Ghosts are physical excitations with
negative kinetic energy

)R,uv + RHV’OJFS( )RMV,OJ)}

= g"'V,V,
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PROPAGATOR

IDG propagator around a flat background is

lipe = 7

where

1 p2  P)\ _ L1
/M2) \ kK2 2k2 ) T a(k2/M?) T GR

2 .
— —k* in momentum space

a(k? /M?)is a combination of the F;(0) s from earlier

This has

To avoid ghosts, set  a(k2/M?2) = V(K /M7)

NO Zeroes

Therefore no poles in the propagator so no ghosts!
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FUNCTIONAL FREEDOM R
An entire function can be written as a polynomial v(k*/M?) =3, an\{/}iz

A priori, we have infinite freedom to set coefficients

Turns out that exponential of larger coefficients can be described by

a rectangle function of a single parameter
Reduced DOF down from infinity to ~10

EXP[-Z 107 CalK*)]
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LINEARISED GRAVITY

 Static point mass added to flat background

52

2)

—(1 = 2®(r))dt* 4+ (1 + 2V (r)) (dr* +r2d




NEWTONIAN POTENTIAL

— Infinite derivative gravity

— Infinite derivative gravity

(more complicated version)
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1
—— for large r
,

—1 for small r



COMPARISON TO DATA
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Credit: Leandros Perivolaropoulos “Submillimeter spatial oscillations of Newton’s
constant: Theoretical models and laboratory tests” arXiv:1611.07293
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http://arxiv.org/abs/arXiv:1611.07293
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POTENTIAL AROUND A CURVED BACKGROUND

* Used approximation H?r? < 1
* Found full equation for potential

* At any distance where IDG makes a difference, curved
background has negligible effect and vice-versa
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HAWKING-PENROSE SINGULARITIES

Hawking-Penrose singularities are produced in GR
IDG can avoid these singularities under certain conditions

Avoiding singularities for perturbations around flat background
requires extra degree of freedom in propagator

Even with extra DOF, still avoid singularity in the potential from
earlier

Extra DOF is not necessary around a curved background
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INFLATION Untversity

* |IDG contains R+R? (Starobinsky gravity)+ extra terms
0 0

1
Lipag = #\/TQ R+ « (RF]/(é)R + R% VR, + RFH/QU/R;(' VR po)]
Lstaro = 871 vV Y (R + O‘:Rg)




EFFECT ON INFLATIONARY VARIABLES ~ ™versi

IDG does not affect scalar perturbations

Spectral tilt of scalar perturbations is unaffected =»

It does affect tensor perturbations

PIPG — PRI oyplu(0/M2)]

So the ratio between them is

PIDG

"IDG = piba = TI'R+R? €XD

w(
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IDG _ pRLR?
Ps T Ps

IDG _ . R+R?
S T ns

O=R/6

/M2)]

O=R/6
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COMPARISON TO DATA
* Tensor-scalar ratio against spectral tilt of scalar
perturbations (from Planck satellite)
A ] ﬁ:1_1ax1ﬂ“eev (N=60) | 5
M=1.25x10"GeV (N=60) | ''DG = I'R+R2 €XP [w (D/ﬂ/f )] ‘ _

ol M=1.5x10"*GeV (N=60) | ) H=R/6

| . Starobinsky (N=60) | niDG — nSR+R
G.Uﬁ: |

0.04

0.02 -

0.00—

0.960 0.965 0.970 0.975 0980 0985  0.990
Ng



Lancaster

CONCLUSION University \@y

* |IDG can help resolve singularities
* Conforms well to experimental results
* Can be constrained using inflation data
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Thanks for listening!

* Any questions?
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