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Expanding Universe

Possible Models of the Expanding Universe
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Accelerabed exyamséom

o Physical origin of this
acceleration is a hot i | |
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‘NCDM twsmotagv

o Accelerabted expansion is
abbtributed to ‘N. (Riess
+9%, Perlmutter+99)

& Our Universe is maimi{j
(~98%) dominaked bfj

d&‘l“f OV FOV\QV\&S ) Cosmic energy budget




Features of Cosmos

o “Cowncordance ﬁosmatogv

Ade+15
(Planck collaborations)
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Fine tuning of A

o ACDM suffers from fine tuning problem

(pvattum/pA 24 10120> 0"? ﬂOSMOL(ﬁ}SEﬂO\L
constank A,

o Alkernative theories to exptaim the
accelerating expansion, at the same time,
to avoid/alleviate the fine tuning have
been sugqqested.




Possible origin of
accelerated ex[mmsmv\

o Cosmological constant A
(Concordance aosmatogj)

o Djmamia darik enerqgy

o Modification of gravity




Convenkional Fam-b@.s

o Cownventional LSS skatistics maiv\i.j
focused on the strenqgth of clustering.
(Sutber+o¥, Lombriser+12, Bel+1s, Munshi
+16)

o To survive as viable from the skringent
tests (Bean+o¥, Reyes+1o, Wojtak+11,
Wei+13), their behavior should mimic
concordance cosmology.




Complimentary pm»be

o In this work, we concentrate on the
in particular at
the Largest scale through the




The Largest scale
clustering

Cosmic web= func( , Repulsion)

Pabtern of clustering

‘Suymdus&ms are located ok bhe
densest part of the cosmic web.




Supé.r«rﬁ:tus ter

o A order clusters,

Cluster of clusters
(Abell s%)

o The largest structure .
kowin i Ehe cosmos. o Wr;y+0é>




- Elamemﬁarv
superf:tus Fer

o Superclusters have clongated {Lia\mav\%mv
skructures, (Dekel+¥ 4, Wrav+06, Einasto+11)
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Su[p@.rr:tus ters a
different Universe?

o We compare straightness of superclusters in

= Caugi&d dark energy (¢DE) : a branch of
dyhamic DE

- $(R) gravity : a branch of modified
gravity

bv analyzing halo catalogs from cosmological
simulations of respective cosmologies.




Superdus%er Stze &
specific size

S

g =
Ncluster

o The deqree of how
nuch straight the
superttus&&r LS.

(Shim & Lee 13)




SMFQI"&LMS ter
straightness

(Shim & Lee 13)

o The LQI‘SQT the Xy plane| yz plane| xz plane
value of %; the
straighter the
supercluster is.

straighter




Ccupied dark enerqgy

- Coupled dark energy (cDE) : Interaction
exists between scalar field dark energy ¢

and CDM.

ACDM Comnst
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LR gravity

- H(R) graviky : Modified gravity model
which generalizes Kiccl scalar R i
Einstein-Hilbert action to £(R).

L e (R
Lol . co(—R/m?)" +1 (Hu & Sawicki ©7)
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Sinulakion se&up ‘

CoDECS (BaldilR)

ECOSMOG (Li+r1R)
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Construction of
supert:i.us ter

o We apply Friends-of-Friends group
finder ko halos of mass M=16"" ™M,
and regard clusters within the Linking
length as member of supercluster.

8 Thewn we also apptv minimal spammims
tree method to identify filamentary
skructure.




Superc:tus Fers it ¢DE
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Supere:tus Fers it ¢DE

ACDM

o ‘Supertms ters EXPO02
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o Straightness
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higher redshift.




Superc:lus&
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Superc:!.us ters Ui {((2)

(Shim+14)

) Superatu,s&ers | GRAACOM
were straighter
i khe Fea\s&ﬂ

o Straightness
deviation from
NCDM s
diminishing in
higher redshift.
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S mMary

o We ihvestigate how the at
the Largest scale changes in cDE/A(R) gravity
through ,

o It is found that superclusters in cDE/F(R)
gravity are significantly less straight than
those in ACDM.

o Straightness evolutions of cDE/FH(R) gravity
compared to that of ACDM are in the opposite
direction,




uperctus Fers i

f(R)*v
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Supemtus Fers i

F(R)*v




