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Introduction

Aim - take a particle or halo distribution
from one simulation and manipulate it so that
it approximates that of a different model

® Angulo & White 2010

® Why! - extremely rapid (~ minutes)

® (Covariance matrices

® (alaxy formation Functions of
cosmology

® Mock catalogues
or model

® (Clustering
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f(R) gravity s-/[avil["2 /8 oo

® Change Einstein-Hilbert action from ‘R’ to
‘R+f(R)’ 05=0

1

Ru..b . 5,(](1,1) [R + f(R>]+ (gab — Va vb + Rab)f,(R) i _87TGT(1.1)
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f(R) gravity P / 4z VIl :R;w{((;m +£m<wi,gab>i

® Change Einstein-Hilbert action from ‘R’ to
‘R+f(R)’ 05=0

1 .
R(Lb s igab [R ++ Jab — Va Vb + Rab>f/(R — _87TGTab

\ extra terms/
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f(R) gravity s

1 R+ f(R) '
= , Em 13y Ya
/d z 4/ |9 167G + Lm(Yi, g b)_

® Change Einstein-Hilbert action from ‘R’ to

‘R+f(R)’

0S=0

1 .
R(Lb - §gab [R ++ Jab S— va Vb + Rab)f,(R — _87TGTab

\ extra terms/

® Maps to a subset of scalar-tensor theories

L+ f1(R) = ¢~
~f'(R)R+ f(R) = =V ($)—

52/614:17 |g|[

oR —V(9)

167G

+ £m (d’z ; gab):|
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Hu + .......... 07 |- mi

® Functional form designed to produce
accelerated expansion as well as modify
gravity

/\
® |fro| small / n
® expansion ACDM
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ds® =

K_ two potentials/
lomG 8rG

pmé——dR Ved —

Vi =

‘Newtonian’ limit

(14 2W)dt* — a”(t)(1 — 2®) dx”

3

6

3

field equation for Ofg (or O¢)

V25 fr = %53

S

3

Pm0

Om O oR
p +6




Linear perturbations

|fRO| = | 0-4 N

1.2 -

==

scale dependent
perturbation
growth

1 1 L 1 1 L 1 1 | 1 1
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kz\lf — A7 G pmO i1 .
T e ek | 5 g 1 + A2k2 /a2 Compton scale ~ f”’(R)
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Chameleon mechanlsm

® Gravity restored to
standard in some
haloes

O
=
D

® Depends on halo °
mass (environment)

® Non-linear

9 1 87TG_
O0fr = =0R a0
V7ofr 3 3 P
9 167G _ 1
— 1115 _5R
V¥ =—3—Pm0— ¢

E—
F5
F6
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f(R) summary

Fairly generic example of a modified gravity theory

Scale dependent growth

Screening mechanism

ACDM growth history
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® Fairly widely simulated

e ~O(xI0 time) ACDM

Thursday, 14 August 14



500 —egt—- : -
& % “I.\:’»‘. ‘.°P’Oa. ‘ ..o | " .’. ‘?‘" -2 &
.& ) ‘o e O. ‘:)w‘.:‘g ° ﬁ:'..' .u. ..Q ‘z}O. .r ..: Q:‘t
“ : ) .‘ ..:"..: : . o.. o.t c.~‘:. ’s'f:t : .g ‘?%
400 4:’%8..: . o ° ..." ohe® .'.q. ’:.o s..;?’ ‘o .:8‘
‘.;:""““.;., 4 o % 3. "% 3;3.“‘!:‘.}&‘ 2
(3 ° ¥ ¢ a of o9 &
L.. ~$’.: .'os" 35.2‘ ) ) ! A : . ob.k..:o ° o.:. ~
LI ..?... S T 3 00.6.'.‘§' S
[ .‘ ¢ P o ta. ‘08 . o, o’ ) ¢ o ¢ — —~
00 -"“‘..u“&-“"’sf,g"’ BRI s ¢ i)
= ~" dev ’; > S o ‘.‘~ ° o a Q o .:‘q o 2
Q‘J .’.eo. ,*0 0%. Y {J. o Gy [ ..'(:‘ t
e® . ) | o o8 b » t'“tg 8o -
s. ® © cc% ) ‘.“. ..0:60“.!. .‘ o'® 5 ® c
PR sty eV e e d T
200 - i .Oo:& o ° 09 & ° 9 :ﬁ' N >
e TN . oV et P
©9 o\ R o 09 oo o‘# .‘ " < ."
o’ o ® .h’% ® Y « ® » % o o, Q.: ;,0
b o o e R SIS ?"i-.‘.'-‘u
° ¢ J o ¥ @ ©
‘.. '.o -+ o ¢ o C‘. Py .(?'.q.ﬁ ° .,%),“
100 E ’%‘33 e ,’ .“. "3 ° o, .‘ o 9 ‘o (4 ..Q_
:. 00‘3&,%"‘.‘: e €0 ® :.: . o .k e
> ° q.,’ : N .'. [ Y )’w P ) 6. q
A R ¥ W el
:‘ °8 © .’ “0 ) ... ¢ ‘ s o; . s © .‘%‘ °
O 1 - I 2 I s : Y

200
x/(h"! Mpc)

500 x 500 x 50 h-3 Mpc? slice

100

P rr T e, v ey . F 0 Te g @,
ivf, e, “"’... .:? o ’.:t'ﬁf,'. .".QU;:"

*° {. ..\s o 0 ¢ 4‘ LS ° :o

° ‘:;‘. TR e ¢ & o, 08 @

o e P e N Yenede, e &
. .O~' o a® o, ¢ “..O. e .:. & @ ) .("?_.
2 o "..4.1‘ g VR ":. « :.0'28 "‘c‘ "éi.‘

° p ¢ o% % ¢ @ 3, N
PR LM o
®. - Lo e o . ° g ‘%% °

.‘ : & 3' ® o ﬁo Q ‘.. o » T e
g oo “F:O. 00 R..° o o e, ce’’s o
N g4, . m e @000 7 o 0t
P o. ° §o ¢ . e .o e o ._
« :#‘"..- ”:z o s ‘..‘gt ’ 6”"‘ o 'v"'::
oy it e SR ”"-’-."2: 3 e
D DI T o AERANE LA Tl
‘ 4 %g. 0... ::a o.;o . ° :‘ ‘; L i’ :’ .’. .. ‘
—= 02.‘:~. .‘.r& ‘.. ’ ;3 ¢ : .3 (ﬁ " ‘“.' s o:;.. .. ]
o () 'oﬁ‘:. b O e o ..5‘ 3&*‘3 - ¥
ng o e N SE L PR g
I X AT S S NS N :?
,..s . ® .o. o ® (.;‘Co ' .‘.. 9%;0
0:.0‘ °® e ? ° \ .,..).‘q ® .. e °d H .' ...‘b&"_
° ® ® o.~ °
\;, é ¥ p e
|
..

200

x/(h”! Mpc)

Haloes above 1.35 x 103 h'! Mo

Thursday, 14 August 14



Mass functions

® Theoretically this depends only on the variance at a given scale in
the cosmological model - it is ‘universal’ in this variable

® |tis possible to rescale in redshift and box size so as to match
the theoretical difference in mass functions as closely as possible

10 |

0*(R, z) = / A} (k,2)T?(kR) dInk
0

T
o}
Linear matter |
power spectrum Filter of size ‘R’ !
in f(R) the growth o
of this is scale 0ol o1 1 1o 100
dependent R/(h™" Mpc)
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Clustering

® [here remains a difference in matter
clustering after this rescaling process

X = f B "F4 ——
2 100 F Lcpwm
. [ LCDM z
R, v 10 F LCDM zs
3 11
Ok 4
fi, = —i—k

L2 01\///’

N

-
Residual
S

- O

—

0.1 1
Correct this! k/(h Mpc™)
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Reconstructlon

# .
*"*

® Aim to reconstruct
displacement fields

x =s|x+ A2(K',2") _
= A2(k, 2)

300

400

x/(n”! Mpc)

1. .

500

700

sity

den

2D normalised matter column over-
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Reconstruction

® Aim to reconstruct
displacement fields

25

700

20
600

® Use density fields in

8
simulation ) 155
b=V - f
300 2
\ ! g
: 51{ 200 é

fk e 1 5 k 5

k 100

'S - A'z(k’,z’)
X =38 x+(¢ A2(k, 2)
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Reconstruction

® Aim to reconstruct -
displacement fields |
® Use density fields in

simulation

15

0=-V-f

2D normalised modulus displacement field

] 51{ 200 ped
1

2 . o b

o i A'2(k’,z’) 1 o
X =8 |X+ (\/ A%(k, 2) l)f
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Summary

Original simulation is scaled in:

® Boxsize(L—slL)

® Redshift

Corrects mass function

Clustering corrected for using
Zel'dovich approximation

No tuned parameters
Takes ~ minutes

Only requires particles or
catalogue

MZ n(M) d In(M)/p
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