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Background and motivation

» Standard Cosmological model - ACDM

» Type la supernovae allow you to probe the geometry of the
Universe

» Data is usually fitted with a d/(z) relation based on FLRW
cosmology
» Departures from FLRW due to:

» inhomogeneities from cosmic structure
> alternative cosmological models

— Need an improved formula for d;!
» Main idea: use data from type la supernovae and an improved

di(z) formula to analyse alternative models and possible
deviations from FLRW



Main papers:
> arXiv:1802.06550v2
> arXiv:1803.08766

Cosmography:

» arXiv:gr-qc/0411131
van Vleck determinant:

» arXiv:hep-th/9303020
CFLRW cosmologies:

> arXiv:1502.02758
Other approaches:

» arXiv:astro-ph/0511183v5
> arXiv:1209.4326v2



The luminosity distance and the redshift
dA,

_ O
A9,

S

Ls - intrinsic luminosity of S
F, - measured flux at O




The van Vleck determinant
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The van Vleck determinant and the luminosity distance

Evolution of van Vleck determinant along the null geodesic

congruence:
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The Jacobi determinant
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a0, | det J| Jacobi determinant

— d, = (1+ 2)y/]det J|



So far
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FLRW: luminosity distance and redshift

dr? .
dstLry = a°(n) {—dﬁz + [1 _rkrz +r2(d0? + sin® ¢ dd’z)] }

a 1—v.i
s Yo
sin (ﬂAn)
dL = ao(l‘i_Z)T

3 cases:
» k=0 dp = ao(1+ z)An
» k=1 dp = ao(1+ z)sin(An)
» k=-1 di = ao(1 + z)sinh(An)



Simple cosmography

> Generally, express An as a power series of z.:
An=p(z;) with  p(0)=0

Cosmographic expansion (zp = 0, k = 0 case):

v

di(z) = i{z+% [1-a0] zz—% 1-00-3G2+o| 22+ 0(z") |

» Cosmographic parameters:
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From observational d|(z) curve one can constrain H,, qo, Jjo-

Want to investigate deviations from simple FLRW and simple
cosmography.
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Deviations from FLRW

» Nonperturbative vs. perturbative
» Conformally FLRW

dr? .
ds2e auy = F2(x) {_dn2 + [1 —rkr2 + r?(d6? 4 sin? 6 dqﬁz)} }

> Linearly perturbed FLRW, k=0

ds? = a*(n) [ — (1 2W(x))dn? + (1 + 2¢(X))5de"dxf}



Conformally FLRW (CFLRW)

dr? :
dserLrw = (%) {—dﬁz + [1 _rkrz + r3(d0? + sin® 0 d¢2)} }

The only way to introduce nonperturbative deviations from FLRW
without distorting the CMB

f(X) = eXP[G(X)]a(U) < 69 >spatial: 1 AGLS < 10_5

1+z=2=exp(fo —0s)—= = (1+ zZioc)(1 + z)

S

di = f(1+ z)Si“(*\/ﬁ%A”)

Cosmography: An = p(zc)

ah| S



Perturbed FLRW: the luminosity distance

2 scalar mode perturbations W, ® << 1, Newtonian gauge, k = 0:

ds? = &(1) [ — (14 2W(R, ))dn? + (1 + 20(%, n))a,-jdx"dxf]
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Perturbed FLRW: the redshift

1+z::(1+wo—ws—/no&7£dn>

Ts
A product of 3 contributions:
1. 14+z.=2

as

2. 14 zipe = /e 1+ W, — Vg

3. 14+z5w=1-— fﬂo nfd’l?
One can also add the Doppler redshift 1 + zp = %

1+z=(1+42p)(1+2)(1+ Zg)(1 + zisw)



Summary and future work

So far:
» Need an improved formula for d; to test alternative models

» Derived such a formula for CFLRW and linearly perturbed
FLRW

Future:

» Within a particular model derive a d/(z) relation (ideally as a
cosmographic series)

» Use data from supernovae to constrain the parameter space of
this model

» Look at the power spectrum of d; at a fixed z or at the
correlation of d; at different z along a single line of sight



Thank you for your attention!



