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Motivation

Why Cluster ?

: The largest virialized objects in the Univ

Formation solely depends on gravity irrelevant to gas dynamics, SF, feedback

Abundance and evolution “ Pin(k,a)

Thus, abundance and distribution are determined by geometry of Univ and

power spectrum @ > dosmalod}
b
dn(M,z) = Pm 22 £ (MM
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Methodology - I

® Problems (?) ® Evolutions outside and inside the
— Press-Schechter(PS) predicts too fe overdensfty rESO Tk (R)
w high mass clusters and too many ,  sa\?  87G 87G
H* = (E) = T(Pm + pde) = TPCT
low mass ones
. o a E = _Ll'?:r_G [pcluster + (1 + 3wde)pdecj|
— Too simple : not realistic ? R 3 L

Pace +3(1 +wde)(%)pdec =al,

¢ i ?) : traditional wa s
SOlutlonS( ) t adt A y wherel"=3(1—|—wde)(§—§)0dec with0=a =<1

— Find proper {(M) based on Si

mulation ® Find (semi)-analytic solutions for a

® Alternative R of spherical collapse model for

general DE : compared to  EdS

— Check fundamental quantities

model solution (cycloid) of Peebles
o, 0.
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Methodology - IT

EdS cycloid nice but without DE ® General solutions (continued)
Solution b = (34“) 51;21724"'“ 15T 0mta+a(14wge ) (14+3wie ) (0.064—0.36802mta )
2.740.10 00— 3-4(14wge ) —0.02Ce +3(20a —0.6)
d’R _ _(-;;'1! _ lnGz ()1 + (§))R y(l—y) — ArcSin[ﬁ]+% ( (a +§wd )th) * Gt
o . ’ = Vaulr —7a) -
2 5 11 1 3 11 1 1
R_1 t_1 R e R et At
= E{1 — cos 1)) = ;{Ij‘ — sin7) ‘ @ d a
® EdS virial solution instead of colla
General solutions with DE ped one by using z. = % z.
(SL 10, SL & Ng 10) aet=r =y 2(127)% ~[1.69
A 2
lta ta ™ 3
) y(1 —y) — ArcSin —|— \/_T—T =—|x7 -1
d7 = Hea\/Qu(@w)dt, ¢ = Lelustor 2y Qta = Bl = S (1 ) e y(1—y) - W¥+35 = vir=3) ,z( )
: e 3 2, 2.3
5 T 3 23
_ 2. AEC‘*’ZQ(&) = (—) (—) — 1872 o 178
3w e c B / -
EP%F[i — L 1-— - . _.I,' ’ ] =T Yvir 4 2
-3 2 2wdc 2wdc Qh

’ y ’ ’ 2 - ‘
: ams _ () (3m) (DTN 8)’
alk: (Y PLEE 008, ) R W B N 1) T\
= r_) 1} = 2.2.2, “ta

(Sliu(zvir) = %(\/E)
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Application - T

Do we need to care about small diff ® DE effects on Pi,, 0 (Ma etal 99

erence between 1.69 and 1.58 ?

SL & Ng 10))
— PS mass function includes Oc D(a) 2
. , 25, 5. P(k,a) = Agk™ TA(k
— PS used in dn(M,z) fes(M,z2) = \/;; exp [—202] (k, ) Q Q{ ](D{ﬂﬂ])
Nonlinear overdensity in simulation Ag = 2783 (c/Hop)™ ™
use 200 in any case instead of 178, e e
a = (—wq)* with s = (0.012 — 0.036wq — 0.0175")(1 u,,,(u})
thus) is 147 important ? +(0.098 4+ 00202 ||.u9<.'>...-u’]In!!,,.[u).
2
M 1 00 2
2 — = — E2P(k,a)|W(kR)| dk.
However, DE also alters Pu. and 7xl®) <ﬂ-1’(H-.r1} > Qﬂgfn (k. )| W (kR)
thUS ) JR{WQ] — {_MQ]G.72+G.SGMQJR{MQ — _1)
— DEis usually not clustered at small scale due to re v D, ()
) o (i) 0-T240.360, Caoretaal N (2
lativistic dispersion of its fluctuation and usually o(M,z) = (-wq) ¢ (3'90 0.21.3100[!1_1;”?]) (Dg(zn])

DE effects on Osis ignored
Rg =8 h™!Mpc as Mg = 5.95 x 1014Q0mh_11\/1<3.
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Application - IT

® DE effects on Matter power spectrum and o

More matter in the past for the smaller value of ® to give larger value of O at present

o(M, z=0)

9 10 m 12 13 14 s 16 —0.8
Log[M/(h~'M )] wrdt’s
Figure 3: o(M,z = 0) for different values of wg = —1.1, —1.0, and —0.8 (from top to bottom)
® DE effects on 0(M,2)
L
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Application - ITI

® DE effects on Growth factor and Volume (SL & Ng 10)
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Figure 4: a) V(z) for different values of wq = —1.1,-1.0, and —0.8 (from top to bottom). b)
D,(z) for the same values of wq as in the left panel.

® comoving number density of virialized objects
, (2 py, | dIno |6, 62 ,
dn(M, z) = \/;M? dinM | o P [_QGQ}dM

26 [ boZ a2 \"] 6. _ 2 b52
fST(O'} =A ?exp 20_2] [l—l_ (b@g) ]; fmod(gaz) = A ;exp[_P 1+
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Application - IV

® Results (data from Calberg et al 96)
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Figure 5: a) The comoving number density of clusters n of mass greater than M for different
values of z =0, 0.5, 1.0, and 2.0 (from top to bottom) when wq = —1 and 6. = 1.58. The circular
(2 ~ 0) and triangular (0.18 < z < 0.85) dots represent the data from Ref. [33]. b) Errors of n
when we use the correct threshold density contrast . = 1.58 instead of 1.69 for different values
of z=0, 0.5, and 1.0 (from bottom to top).
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Conclusions

« We found the correct values of 6.and A.

* Dark energy is known to be clustered only
at large scale. However, it still affects on
not only V.and D but also P and thus o

« We apply correct values of &. and effects
of DE on . to solve shortage problem of
high mass clusters with PS formalism

* Low mass is still problem with PS. Not
only gravity?
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