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* |. Void as a test for modify gravity (MG)
Void statistics and profiles

* |I. Void & the ISW effect:
Simulations and observations (SDSS DR7)

Y. Cai 2



AR

O
¥ Durham

University

1CC

l. Void as a probe of modify gravity
(chameleon model)
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Chameleon model
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M? = 87Gpmo/3 = H2Q (Hu & Sawicki 2007)

‘ Li & Zhao (2009, 2010); Li & Barrow (2011); Li & Efsthathiou 2012;
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Chameleon model

(Khoury & Weltman 2004)
Veff

eff

C(¢) = exp(yp/Mp1), |\ Veg(d) =V (o) + pC(0)

1. Gravity is the same as GR at high-z
‘ and in high density region
“\2. Late time acceleration like LCDM
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GR Large 5t force
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The repulsive 5t force in void
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Clampitt, Cai & Li, 2013

* The repulsive force drives voids in MG
to grow larger and expand faster




Void abundance
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* Void abundance is more sensitive to gravity than the case of halos
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f(R) simulations o

models Ly ox number of particles
ACDM, F6,F5,F4 1.5h—1Gpc 10243
ACDM, F6,F5,F4 1.0h~1Gpc 10243
ACDM 250h~ ' Mpc 10243

F6, F5 and F4 are labels of the Hu-Sawicki f(R) models for | fro| = 10-6,10—°,10—%

Spherical voids are found with halos M > 10713 M_sun/h, 5(7“ < TU) < 0.2
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Void abundance

| halo voids

Log,o(N(>r,,,,)/h3Gpc-2)
Log,,(N(>r,,,4)/h3Gpec2)
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Void profiles: halo number densit
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Voids are not quite self-similar (from the spherical over density method)
5-20% differences in halo number density profiles,
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Void profiles: dark matter density
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DM voids are not as empty as halo voids, but still very empty
5-20% differences in DM density profiles

MG voids are emptier

Y. Cai

1.5 2.0 2.5

o
o

11



1CC

[(f(R)—GR)/GR]100%

A0
W Durham

University

Lensing tangential shear profiles
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S(R) = p/[l + Eom(o, m)dr], AS(R) =S = X(< R) — (R)
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Void profiles from from gravitational
lensing of voids in SDSS-DR7 LRG

15 Mpc/h < R, < 30 Mpc/h A, =055+0.15, R(™ /R, =1.054010

0.8 0.0
— Best fit model, R™ =1.05 R,, A, =0.55
0.6 ¢ Az
Y ¥ Ax,
-0.2
0.4
02r 1 —0.4
—
[
0.0 =< <
Q
0.6f l
-0.2}
-0.4
0.8
—0.6f
—1. 1 L 1 L L
0§ . s - s s 8o 0.2 0.4 0.6 0.8 1.0
.0 0.5 1.0 1.5 2.0 2.5 3.0 r/R
R/R,

Voids @ 0.16 <2< 0.37, A=8000 deg”2

Clampitt & Jain 2014 (arXi:1404.1834)
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Void profiles from lensing
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Krause et al. (2013, ApJ 762L, 20K)

Voids @ 0.4 <z<0.6,
A =5000 deg"2

Lensing source galaxies:
meanz~1,

A = 5000 deg"2

N g=12/arcmin’2
Shape noise ~ 0.3

14
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Void profiles in z-space
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Il. ISW from stacking of voids
and superclusters
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4 Potential Clusters

'Y

B el Cluster =%
\

Heating
Cooling

Photons gain energy: hot spot

4 Potential Photons lose energy: cold spot

Early time
Later time

Modified from the webpage of Istvan Szapudi
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Stacking voids for the ISW o

T [pK]
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LCDM and f(R) simulations of the same expansion history, L=1.5 Gpc/h
Voids and superclusters from ZOBOV by Neyrinck (2005, 2008)

ISW cold spot is colder in f(R) Cai et al. 20143
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Stacking Superclusters for the ISW
T [pK]
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* ISW hot spot is less hot in f(R)
* Rule out the possibility of generating Granett08 results in f(R) model
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SDSS DR7 All x WMAP9 W ]+ 1521 voids at 0<z<0.44
from SDSS DR7 galaxy

Q i le using ZOBOV
Planck.SMICA | cemPietsing

1 ¢ Clean off 2/3 voids that are
likely to be void-in-cloud or
noise

e 2.2sigma, not as significant
as Granett08

Cai et al. 2014b

20 Nstack 20
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Void in Cloud — Contracting "™
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* Small voids are more likely to reside in overdense environment;
« Stacking void-in-clouds yield an ISW hot spot, rather than a cold spot!
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Summary

* The repulsive 5" drives voids to grow larger and faster in MG

* Void abundance may be more sensitive than halo abundance in
distinguishing chameleon model from GR

* Void properties is strongly environmental dependent in MG
* 3 ways to constrain MG from void profiles:

A.) halo/galaxy number density profiles,

B.) weak lensing tangential shear profile

C.) z-space void-galaxy cross-correlation

ISW cold spot is colder, and hot spot is less hot in f(R)
2-sigma indication of an ISW signal when stacking SDSS DR7 voids
No strong ISW as in Granett08 is found at z<0.4 from SDSS DR7



