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Abstract: We express the total equation of state parameter of a spatially flat Friedman-Robertson-Walker universe in terms of derivatives of the
red-shift dependent spin-weighted angular moments of the two-point correlation function of the three dimensional cosmic shear. In the talk | will

explain all the technical termsin the first sentence, | will explain how such an expression is obtained and highlight its relevance for determining the
expansion history of the universe.
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» Perturbations can help determining the expansion history

» Need an observable to determine the perturbation’s
time (redshift)-dependence that can be calculated and
measured reliably (~ 1%)
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i The three dimensional cosmic shear
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1. Express the total EOS m terms of the growing mode of the metric
perturbation @ 1n the conformal-Newtonian gauge for the case of
adiabatic perturbations with vanishing speed of sound.




The Plan: Express the total EOS of a flat FRW

universe 1n terms of derivatives of the red-shaft
dependent spin-weighted angular moments of the
2-point correlation function of the 3D cosmic shear

1. Express the total EOS 1 terms of the growing mode of the metric
perturbation @ 1n the conformal-Newtonian gauge for the case of
adiabatic perturbations with vanishing speed of sound.

2. Express the metric perturbation in terms of derivatives of the

angular moments of the shear correlation function. (final explicit
expression for the case of a Harrison-Zeldovich spectrum)



Background probes: a reminder

Luminosity distance <. vs. redshift
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The cosmic shear

Light propagation in the perturbed universe
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Light propagation in the perturbed universe
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w, . 1n terms of O

The background and the perturbations
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The background and the perturbations
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The background and the perturbations
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The background and the perturbations
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The background and the perturbations
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The background and the perturbations
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Solutions of the perturbation equations
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Solutions of the perturbation equations
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W, In terms of @

Solutions of the perturbation equations
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The “growing” solution for vanishing ¢4’
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; _ i 1 1

) 2 o .
f Q

( q7) J

(a |: ” :I ‘I.. l ol |il.i1t1':lt | ” |

rf.-‘? —— r”llrfiﬁ— =

o dlna

| - ¥ [~ 1w lx)
T) = V24rGOy(x)— / r/\%
X Jo J 1 :E'H'T_c:.t LX)




w, . 1In terms of @

The “growing” solution for vanishing ¢’
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Light propagation in the perturbed universe

—p

Background: ETRIERINY,




The cosmic shear
Light propagation in the perturbed universe

Background:

—

IBRCI AN < (1) = wA(w)

Convergence «

s Shear v




The cosmic shear

Light propagation 1n the perturbed universe
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The 3D Cosmic Shear

The geodesic deviation equation & it’s solution
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The 3D Cosmic Shear

The geodesic deviation equation & it’s solution
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The convergence and shear
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The 3D Cosmic Shear

Spin-weighted angular moments of the 2-point correlation function

The shear 1s a rank 2 tensor and hence needs to be expanded in

spin-weighted spherical harmonics SY o
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The 3D Cosmic Shear

The convergence and shear
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The 3D Cosmic Shear

Spin-weighted angular moments of the 2-point correlation function

The shear 1s a rank 2 tensor and hence needs to be expanded in

spin-weighted spherical harmonics SY e

J sJ(0,0) = —sm (@) | =— +1csc(l)=

H )

} sin” (@) sf(6.0)

= , : _ 7. - :
d .f(0,0) =—sin3(0) | = csc( )= } sin” (@) < f(0.0)

"_.-"f_'f

0.Yim= {!Z —s)(l+ s+ 1)]1'-j =iV




/ i _E
Y(w,0,9) = / dw'= - ———00d(w',
()

ww’

D, (x.7) = C(D)Pr(Y)

e W — ' :
/ dw' L —Y & ()33 C(w'. 6, )
J0

ww’

And now to the 2-point function ...




The 3D Cosmic Shear

The spin-weighted angular moments of shear 2-point function
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The 3D Cosmic Shear

The spin-weighted angular moments of shear 2-point function
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The 3D Cosmic Shear

The spin-weighted angular moments of shear 2-point function
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The 3D Cosmic Shear

The shear spm-weight 2 angular power spectrum
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The 3D Cosmic Shear

The shear sp'm Weight 2 angular power spectrum
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The 3D Cosmic Shear

The shear spinweight 2 angular power spectrum

i

wyp — Uy wo — Us
/rfril /hh 1 - j*I’I-Iulr‘I?]-!u} /rfrm flfjbnlrj”ﬂmq” )

”l”l ”i}”")




The 3D Cosmic Shear

The shea.r spin-weight 2 angular power spectrum
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The 3D Cosmic Shear

The shear spin-weight 2 angular power spectrum
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The 3D Cosmic Shear

The shear spin-weight 2 angular power spectrum
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The 3D Cosmic Shear

The shear spin-weight 2 angular power spectrum
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Measuring the cosmic shear
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First significant measurements
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* Measurement requires combining results
from different experiments




