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Dark Energy? Modified Gravity?

observations — acceleration of cosmic expansion
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expansion history in a DE model may be mimicked by a MG model

geometrical + growth tests are essential!
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Z-space r-space

\ /

BTy 2 ki)

Kaiser Effect
large-scale coherent motion

— enhancement of clustering

Finger-of-God Effect =0, &
small-scale random motion k1
— suppression of clustering e.g., Scoccimarro’04 |
P(k, i) = Ds(kp f o) streaming model

x [Pss(k) + 2 fu?Psg(k) + f2p* Pog(k)]
vel. divergence: = —(1 + 2)/(H f)Vv  vel.dispersion: Gy
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Redshift-space distortions
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Redshift-space distortions

Z-space r-space
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Redshift-space distortions
contd.): TNS model

Exact formula for the z-space P(k)
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Redshift-space distortions
contd.): TNS model
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RSDs for biased tracers?
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Analysis
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Mumin || 1.77 x 10* |2.49 x 10'% |3.54 x 10'% | 4.98 x 10'%|7.09 x 10" [1.00 x 10™° | 1.42 x 10'°|2.01 x 10*° | 2.84 x 10"°
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bo 1.08 1.16 1.25 1.35 1.47 1.62 1.80 1.99 2.26




Result
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dark matter ‘Iight halos‘
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dark matter ‘Iight halos‘
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Goodness of fits

best-fit values of O FoG f:,lsnction:‘ I'_o'ren'tz'ia'n (L), Ggg;sian (G)
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* consistent with O for massive halos = MEST 5 i e E
. . . 3 - 1 ° © 080 0 0 o o ¢ ;
* consistent with the linear theory for TNS =~ |1 :
© o05F F &
* does not depend the halo mass I IR :
=} A i
0.0F —A A A A A 4
. = ¥ A A streaming (L, G) i
goodness of fit: R
. - teo TNS(LG)
* worse for streaming model = f£41 A
. . o 2 O ¥ 2
* especially for massive halos ® tel 4 4 o . oa A - :
: 4 o)
* reduced X? are close to | for TNS U = n R ’
* independent of the halo mass pE BUOR oo 0w o s n 5 o eenliCO0
2 5 10+13 2 5 10+14

DM Mh [h~"Msun]



Recovery of f(z)

1.10
2 parameter fit to N-body data: f and Oy kmax = 0.08 h Mpc™* E
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Recovery of f(z)
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Recovery of f(z)

1.10
2 parameter fit to N-body data: f and O, kmax = 0.12 h Mpc™
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Recovery of f(z)

1.10
2 parameter fit to N-body data: f and Oy Kmax = 0.14 h Mpc™ E
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Recovery of f(z)

1.10 -
2 parameter fit to N-body data: f and Oy Kmax = 0.16 h Mpc™ :
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Recovery of f(z)

1.10
2 parameter fit to N-body data: f and O, kmax = 0.18 h Mpc™
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Fisher matrix analysis with 5 parameters -

(b’ O-V’ H’ DA’ f)

0.9
Assumption TNS model s true, but
adopt streaming model 0.8
h-3Gpc? _— h*Mpc3 h Mpc’! (M I
| : V “g b kum.x - ' - ‘//
BOSS 045 11 3x107*| 22| 0.15 0.7 //, SuMIiRe-PFS
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' e-PFS 7| 08| 83107 1.5 ).2 / g
e fha S 2 ) ‘I’T :z i: 4 : ; :)’ X 0.6 // ,, GR (y=0.55, fiducial)_
1.1| 14| 4x107*| 15| 02 , ;'BOSS ---- best—fit (y=0.77)
1.3 1.6 45410 % 1.5 0.2 0.5LLL
| 16 14 25¢ 10+ 1.5/ 0.2 0.0
HETDEX 3.0 0| 28510°% 25 0.4




Summary

- tested the clustering of halos in z-space by N-body simulations ...
* frequently used phenomenological model is not sufficient
~5% systematic bias in f(z)

 correction terms in TNS model

more prominent for more massive halos or more biased objects

* codes for our model are publicly available!!

visit CPT library: http://www-utap.phys.s.u-tokyo.ac.jp/~ataruya/cpt_pack.html
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