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Abstract: <p>In galaxy redshift surveys, the line-of-sight velocity information is encoded in the observed redshift as a Doppler componer
radially distorts the galaxy positions. The linear component of such "Redshift-Space Distortions' (RSD) is directly proportional to the growth r
structure, f(z), and motivates the interest in RSD as a powerful way to constrain gravity.&nbsp;However, the non-linear evolution of the densi
velocity fields requires the use of sophisticated theoretical models to extract reliable cosmological information from quasi-linear s
Alternatively, one can use tracers of the LSS less sensitive to the non-linear motions at small scales. After an overview of VIPERS | will pre
novel method&nbsp;that uses the clustering of luminous blue galaxies to obtain an accurate estimate of the growth rate while keeping the the
model relatively simple.</p>
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OUTLINE

 Redshift-space distortions (RSD);

* VIPERS;

* Luminous blue galaxies to probe structure growth;
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* Correcting for missing observations in VIPERS; 7p [he " Mp]
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l PROBING GRAVITY \ Dark Mat

Riess el al, 1998
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| PROBING GRAVITY \

26.8%

68.3%

e Accelerated expansion (Riess et al.1998, Perlmutter et al. 1999);
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GR+DE or modified gravity? R, + Ag,u,u - _1'5}“} N = / — f(R)/—gd’x
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* Answerable probing the growth of structure;
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PROBING GRAVITY

e Accelerated expansion (Riess et al.1998, Perlmutter et al. 1999);

e GR+DE or modified gravity?

¢ Answerable probing the growth of structure;
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RSD TO PROBE THE GROWTH OF STRUCTURE

Linear velocity field as diagnostic for gravity;

]
f

Apparent distortions in z-space => RSD; ( 1 + ZObS) = ( 1 2 ZCOS) ( I + <pec

Large-scales coherent flows => Kaiser effect o f(z);

Small-scale non-linear evolution => FoG effect;
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RSD TO PROBE THE GROWTH OF STRUCTURE

Linear velocity field as diagnostic for gravity;

Apparent distortions in z-space => RSD;

Large-scales coherent flows => Kaiser effect o f(z);

Small-scale non-linear evolution => FoG effect;
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Mock real space

2dFGRS

Eke et al. et al. 2003
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RSD 1O PROBE THE GROWTH OF STRUCTURE

Linear velocity field as diagnostic for gravity;

Apparent distortions in z-space => RSD;

Large-scales coherent flows => Kaiser effect o f(z);

Small-scale non-linear evolution => FoG effect;

MOHAMMAD FAIZAN 10
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RSD TO PROBE THE GROWTH OF STRUCTURE

Linear velocity field as diagnostic for gravity;

Apparent distortions in z-space => RSD;

Large-scales coherent flows => Kaiser effect =« {(z);

Small-scale non-linear evolution => FoG effect;
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RSD TO PROBE THE GROWTH OF STRUCTURE

Linear velocity field as diagnostic for gravity;

Apparent distortions in z-space => RSD;

Large-scales coherent flows => Kaiser effect o f(z);

Small-scale non-linear evolution => FoG effect;

o~ 10 20 30 40
ry b J\--f’p('}
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\ SUMMARY PART 1

e ~1% level measurements of f(z) to probe gravity;

e use RSD in the z-space 2PCF;

¢ non-linear effects at scales with high SNR;

o~ 10 20 30 40
ry [h ! Mpe|

P2 (k) = [1 & b—’:—((-%uﬁ .
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VIMOS PUBLIC EXTRAGALACTIC REDSHIFT SURVEY (VIPERS)
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| VIPERS: SURVEY \

* Similar volume and density of 2dFGRS at z~0.8;
* One pass MOS using VIMOS spectrograph on ESO VLT;
e Observations within W1 and W4 fields of CFHTLS;

e 0,/(14z) = 0.00054;

MOHAMMAD FAIZAN
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l VIPERS: SURVEY \

Similar volume and density of 2dFGRS but at z~0.8;

One pass MOS using VIMOS spectrograph on ESO VLT;

Observations within W1 and W4 fields of CFHTLS;

o,/ (1+z) = 0.00054;

20 7.0'

Guzzo et al. 2014 (arXiv 1303.2623)
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| VIPERS: SURVEY \

e Similar volume and density of 2dFGRS but at z~0.8;
* One pass MOS using VIMOS spectrograph on ESO VLT;
* Observations within W1 and W4 fields of CFHTLS;
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‘ VIPERS: SURVEY \
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‘ VIPERS: GALAXY SAMPLE \
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* Robust colour-colour pre-selection; i
i |-

 Broad and high sampling (47%); 7 i

|

Sl I

e Area 24 deg? (W1 ~ 16 deg?, W4 ~ 8 deg?); 05 -
e V~5x 107 Mpc3/h3; s

O =

e ~105 spectra, <n>~5 x 10-3 h3/Mpc3; i
J

(u-g)
Guzzoef al. 2014 (arXiv 1303.2623)
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| VIPERS: GALAXY SAMPLE \
T T '[ I T T [ I T T T
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Guzzo et al. 2014 (arXiv 1303.2623)
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VIPERS: GALAXY SAMPLE

¢ Robust colour-colour pre-selection;

e Broad and high sampling (47%);

e Area 24 deg? (W1 ~ 16 deg?, W4 ~ 8 deg?);

e V~5x 107 Mpc3/h3;

e ~105 spectra, <n>~5 x 10-3 h3/Mpc3;
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VIPERS: GALAXY SAMPLE
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[VIPERS: GALAXY SAMPL[;]

¢ Robust colour-colour pre-selection;
 Broad and high sampling (47%);

e Area 24 deg? (W1 ~ 16 deg?, W4 ~ 8 deg?);
.

V~5 x 107 Mpc3/h3;

e ~105 spectra, <n>~5 x 103 h3/ Mpc?;

MOHAMMAD FAIZAN
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Credit: Angela lovino
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Field W4
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| VIPERS: RADIAL SELECTION FUNCTION

MOHAMMAD FAIZAN
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Pezzotta et al. 2017 (arXiv 1612.05645)

0.015]

N(z) [Az

3000

2500

2000

1500

1000

500

— lAnalyticlﬁt
Vmax

Wi1
w4

0.4 0.6 0.8 1.0 1.2 1.4

25 PERIMETER INSTITUTE

Page 23/66



VIPERS: ANGULAR SELECTION FUNCTION
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VIPERS: ANGULAR SELECTION FUNCTION

* “Binary” masks;

* Spectra collision;

e redshift “failure”;

MOHAMMAD FAIZAN
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Bottini et al. 2004 (PASP..117..996B)

Slit Positioning Optimization Code
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VIPERS: GALAXY SAMPLE

¢ Robust colour-colour pre-selection;

 Broad and high sampling (47%);

* Area 24 deg? (W1 ~ 16 deg?, W4 ~ 8 deg?);

e V~5x 107 Mpc3/h3;

e ~105 spectra, <n>~5 x 10-3 h3/Mpc3;

MOHAMMAD FAIZAN
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VIPERS: MOCKS

Based on BigMDPL dm N-body simulation (Kiypin et al. 2016);

HOD prescriptions, parameters calibrated on PDR1;

“Value added catalogue”: Luminosity, colour type, etc;

153 independent mocks (see de la Torre et al. 2013, 2014);

Ideal parent mocks;

Fully realistic VIPERS-like mocks;

MOHAMMAD FAIZAN 29 PERIMETER INSTITUTE
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VIPERS: SCIENCE

The VIMOS Public Extragalactic Redshift Survey (VIPERS)*

The growth of structure at (L5 < z < 1.2 from redshift-space distortions In the
clustering of the PDR-2 final sample

A Pezzotta! 78 de o Tore ' 1 Bl R R Granen ™™, L Guaeo! LA, Peacock®, I Garllli®, M. Seadeggin,

A&A 604, A33; arXiv, 1612.05645

- R R R R R R R R R R e e e e e e

The VIMOS Public Extragalactic Redshift Survey (VIPERS)*

An unbiased estimate of the growth rate of structure at {z} = (.85 using the
clustering of luminous blue galaxies

Full RSD;

TG Mohammad™ B R Granea™ ', L, Gugzo™ ' 0 Bel™ 1 Dranehint™™ 7, 8 de la Torre®, 1, Moseard in™ 194

RSD: Luminous blue galaxies;

The VIMOS Public Extragalactic Redshift Survey *
Measuring the growth rate of structure around cosmic volds
RSD: Voids; A3 Hawken! B R Granett!, A, Tovino' L, Guzsol2, 1A, Peacock!?, 8. de I Torre!, B Garilli', M. Bolzonella”,

arXi 111.07046

RSD + gg lensing;

The VIMOS Public Extragalactic Redshift Survey (VIPERS)*

Gravity test from the combination of redshifl-space distortions and
galaxy-galaxy lensing at 0.5 < z < 1.2

Sabe b Toree! B dullo! . C. Giocoli', A, Perotn®, 1, Bel!, B, R Granen?, L, Ouezo™, B, Ganlli®, M. Seodeggio®,

arXiv, 1612.05647
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VIPERS: SCIENCE

MOHAMMAD FAIZAN

Pirsa: 18090041
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The VIMOS Public Extragalactic Redshift Survey (VIPERS)*

Unbiased clustering estimate with VIPERS slit assignment

F6) Mohammud" D, Blanchi’, WL Percival 1S de T Tore ™ L Guzro™ B RG Granen! 2. B, Branchin™ "2,

arXiv 1807.05999

The VIMOS Public Extragalactic Redshift Survey (VIPERS)*

Luminosity and stellar mass cependence of galaxy clustering at 0.5 < z < 1.1

Mol M Bokzonella®, B, Branehind™ 1 Davidson ™=, 8 de T Torre™, B R, Granett®, L. Gugzo®?,

A&A 557, Al17; arXiv 1303.2633

The VIMOS Public Extragalactic Redshift Survey (VIPERS) *

Exploring the dependence of the three-point correlation function on stellar mass
and luminosity at 0.5 < z < 1.1

M. Morescol =, 10 Mt 23,1, Maseardint b33, 1 Dranchin S0, A Cappi® 7, 1 Davidzon® 81k Granen?,

33; arXiv 1603,089

The VIMOS Public Extragalactic Redshift Survey (VIPERS) *
On the correct recovery of the count-in-cell probability distribution function.

1 Bel®, B, Branchink™ 7 0Dy Pana™, O Cuectatl! ™ B Granett, A lovine?, S, de la Torre®, C. Marinoni ™",

31

The VIMOS Public Extragalactic Redshift Survey (VIPERS).

The matter density and baryon fraction from the galaxy power spectrum at
redshift 0.G < = < 1.1 *

S Hota' 1T Grament? 00 fel® 1 Gazaa A Pencogk”, MOS0 Wilson™ A Peszottn®, 8. do ln

A&A 601, Al44: arXiv 1611,07044

The VIMOS Public Extragalactic Redshift Survey

Reconstruction of the redshift-space galaxy density field*

BoR Granen'** E Branchin ™", 1 Guzzol®, 10 Abbas®, € Adami’, 5 Amons®, 1 tel', M. Bolzanella®,

A&A 583, A61; arXiv 1505.06337

The VIMOS Public Extragalactic Redshift Survey (VIPERS) *
Measuring non-linear galaxy blas at z ~ 0.8

€00 Porto! B Branchint® 01 Bel® F Maralli™ T M Bobsanelln!, O Cugcnnti’, 8 de ta Torre", BR- Granen®,

A&A 594, A62; arXiv 1406.6692

The VIMOS public extragalactic redshift survey (VIPERS) *
£y, from the galaxy clustering ratio measured at z ~ |

FoBet" 0 Marinoni" B R, Granen ', L, Guggo ™, 10 AL Peiwock™, E. Brunchind™™ 0. Cucciot™, 8, de la

A&A 563, A37; arXiv 1310.3380
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l SUMMARY PART 2 |

VIPERS observations at 0.5<z<1.2;

broad and high sampling rate;

limited sky coverage ~24 deg?;

data analysis refined using HOD mocks;

RSD is the main scientific target (4 different techniques);

enabled a broad range of investigations;

MOHAMMAD FAIZAN 33 PERIMETER INSTITUTE
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VIPERS: PROBING THE GROWTH OF STRUCTURE THROUGH
CLUSTERING OF LUMINOUS BLUE GALAXIES

MOHAMMAD FAIZAN 34 PERIMETER INSTITUTE
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RSD: CHALLENGES AND POSSIBLE SOLUTIONS

Non-linear evolution of density and velocity field;

Sophisticated theoretical models;

L] Appropriate tracers (e.g. Mohammad et al. 2016, MNRAS 458.1948M);

102
e Improved statistics (e.g. Simpson et al 2016, Mohammad et al. 2016)
10-*
0 10 20 30 40 50
ry [h M pe]
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= . = flb
RSD: CHALLENGES AND POSSIBLE SOLUTIONS [ p=g

Neut
20 30 45 63 91 136 182 236 310 364 455 546
0.6 —
U
0.5 r .
* Non-linear evolution of density and velocity field;
04 8
e Sophisticated theoretical models; =
0.3 r
. lin-exp model; 3 + 3a(f})
e Appropriate tracers (e.g. Mohanimad et al. 2016, MNRAS 458.1948M); . ' ;
PPTop (eg e ) lin-exp model; 3 + 1o(}) M
By = 3o(f3,) m—
e Improved statistics (e.g. Simpson et al 2016, Mohammad et al. 2016) By = To(fy) —
0.2 : . k : —
1e+12 1e+13
Mcut [Msun/h]
Bianchi et al. 2012 (arXiv 1203.1545)
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VIPERS: APPROPRIATE TRACERS

. ) e N
e Morphological segregation (e.g. Dressler 1980); LS e
: ’
e Red (satellites) inside massive virialised structures; oA
|“ :
¢ Blue (centrals) inhabit the “field”; %,
T '
e
* - .‘ 'l - \
] ,'
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VIPERS: COLOUR CLASSIFICATION

¢ Rest-frame UV colour bimodality;

e Evolution with redshift;

NWI+W4

Blue ~32 666

Red ~16 188

MOHAMMAD FAIZAN

Pirsa: 18090041

0.66
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VIPERS

T<7<08

1
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38
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| VIPERS: COLOUR CLASSIFICATION l

VIPERS

4000 = I | | |
1Al
[ Red galaxies
3000 71 Blue galaxies _

e Rest-frame UV colour bimodality;

¢ Evolution with redshift;

—

X,
= 2000

NWHHWa 1000
Blue ~32 666 0.66
0
Red ~16 188 0.69 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
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l VIPERS: ANISOTROPIC CLUSTERING \

10! 10!
10" 10"
2
= 107! 10-!
=
=
162 102
' /. 103
-40 -20 0 20 40 -40 -20 0 20
ry [h"Mpc] 1, [h~"Mpc]
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| RSD MODELS \

Kaiser model;

Pk p) = [(1)(75) + (_/-UH)VE]Q Pss (k) ]

¢ Scoccimarro model; [ P*(k,v) = ({)US)EPM(]{:) " 2(.1(..‘78)((-’08)V2R59 (k) + vt (f”éi)z Poo (k) ]
D (ke = !
 Lorentzian damping; D (ko) = g (kpn;_.)?‘
; 2041 fH!
() _ ;
* Fit multipole moments of the 2PCF; [ £ (s) = 9 i §(s, ) L(p)dpe
MOHAMMAD FAIZAN 41 PERIMETER INSTITUTE
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| RSD MODELS \

" Hlingyy,,—k/ky
o = [)55 (k)(_ iy

1/2
T g
* Improved fitting func. for Poo ,Poo (Bel et al. in preparation); Pse = | Pss (k:)P;gl (k?)e—k /""m]

1

— P2
kex

‘ay
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MODELLING SYSTEMATICS

| | | | | | | |
+ Blue galaxies Q Dispersion
10 - * Red galaxies * Scoccimarro |
= 0
‘.-7 @ -y
b _ [ o _
& 10 - ® &
T
N . &
2 20 | © .
< _ L
) A .
—40 I Parent mocks: Flux-lim. o
| | | | | | | |
5 4 5) § i S 9 10
Smin [h = 1\“){‘]
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MODELLING SYSTEMATICS

T T T
" Blue mock galaxies O Flux-lim.
Nk -
O
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O
o
() | | |
0.0 0.7 0.8 (.9 1.0
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NWI+Wd

VOLUME-LIMITED SAMPLES

Blue -20.18+0.07 -0.45+0.14 ~7 625 0.85
Red -20.76+0.11 -0.20+0.09 ~3 652 0.84
T T T T T T
—23 |- Blue ' Lo e ~23 I Red . -
22
S E
=21 -
| |
o &
<~ =20 -~
-19
i I !
-21.1 | N
-;-;'( —20.6 -%D —21.0 F * -
)-‘.1 —20.5 ;-‘: -2090 E I I I i
L 208 F T T -
= —20.4 ]
= = =207 8
_2“3 1 1 1 —.).“U 1 1 |
0.6 0.7 0.8 0.9 1.0 0.6 0.7 (.8 0.9 1.0
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MODELLING SYSTEMATICS
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| 1 I | L | | L
3 l 3] 0 (] 3 9 10
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MODELLING SYSTEMATICS

| | [ ) L T T I
" Blue mock galaxies ® Vol-lim. 30 Red mock galaxies ® Vol-lim.
= -
O Flux-lim. (@) O Flux-lim.
70 F B
O O
— 10 = A——
= 00 = -
e = o
o0 ]
an . o)
¢ o)
e 40 @ -
@
® ¢ °
() | | | | | |
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OBSERVATIONAL SYSTEMATICS

e Upweight galaxies by TSR;

e Upweight galaxies by SSR;

* Upweight galaxies by C(0);

MOHAMMAD FAIZAN

Pirsa: 18090041

TSR — #slits
#targets
ISR — #reds'hlfts
#slits
- 1 I- ‘; g ~
o) = 110
1+ wy(6)

48

T T T

" VIPERS mocks

T T T7TT

T T T T

— [lux=lim. All galaxics
® Vol.-lim. Blue galaxies

X Vol.-lim. Blue-red cross.
l 1 L L - . II]

.
-

1073

1o

0.01

0.1

0 |deg]
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