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Introduction

e Peculiar velocity of a spherical void 1s detemined
by 2 and 0. [1]

e (Cross-correlation between CMB & LSS indicates
existence of nonlinear voids > 100Mpc[2,3]

l

Can we test universe model by observation of voids?

How does expanding void look 1n z-space?
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Dynamics of void

e Time evolution of shell velocity of empty void
y=I+v/HR
Fix €20=0.3 and change Ao.
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v/HR

e Velocity vs £2 and 0 for non-empty voids

Fitting formula:
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Deformation of void in redshift space

Analysis method
— Solve equation of motion of shell.

— Solve null geodesic equations from shell to
observer.

()




 Dependence on void size

Deformation ratio 1s almost independent of size.
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Figure 3: The image in the redshift space of an empty void at 2y = 1. The observer is located
at the origin (0,01, We show two voids with different scales, e, the present sizes of voids are (a)
Rog = 01H, " and (b H_cllH" ', respectively, Note that the observed sizes of voids are Ry (zy =
1) = 0.0M37H, ' for (a) and 0.00M37TH, ' for (b). respectively. The red dots denote the mage in
the rodshift NPace for the unlverse with ”.. = .3 and \g = [ ) l i oA 1--[« TORCY., WYY AL%0 show n
r =constant surface (r = r(z = 1)) In the () = 0.3 universe by the small black circles. Although the

voidd 18 -;n};-"‘it.nl the shape ol the reconstant surtace is not '-]n.',o'l'i~'..| because the } hysical radius

with r=constant changes in time,
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 Dependence on z (location)
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shift space of an cmpty void located at 2y = 0.5 (a) and at 3y =2

void is Ny =0 l]x'.—l. I'he red dots and the small black circles are

oids are agr(z = 0.5) = 0061641



Dependence on universe model
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Summary: how much is shape of void deformed?
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Figure 6: (a) The semi-major axis Az and the semi-minor axis Az, in terms of the distance zy

We find that Az always decreases as oy increases because the observed void size gets small, On
the other hand, Az Increases as zy increases due to the Doppler effect except for nearby voids for
2, = 0.3. (b) The deformation ratlo R of the shape of a vold in the red shift space. which is defined
by R = Az /Az, where Az and Az, are the semi-major axis and seml-minor axis radii of the
‘.l-il| kh.tfu' in T Tn‘sh”? SPAce, Tess li‘.l'l‘. ’I'h" I'.l'il~ "\‘ i’l‘l‘»‘.l.\’l'— oS e -liut.m«'r o\ i’u'l‘-'.c.\‘o'-.
We also hnd the ratio R higly depends on the background cosmological model, which may give us

some information on a cosmological constant



Conclusions

* We show dynamics of spherical void and its
deformation in redshift space.
— Expanding void is prolonged in light of sight.
— Deformation ratio depends on universe model
and void location, but independent of size.

e If voids >100Mpc at z~1 exist, we will find such
a deformation in future deep sky survey, and
confirm existence of A.



