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MORE EFFICIENT WAY OF USING GALAXY SURVEYS:

X-CORRELATION -> UNDERSTANDING GALAXY BIAS -> X100
REWARD IN COSMOLOGICAL PARAMETER MEASUREMENTS



. .. |FoM | ,
Flgure of Merit| 3" | Expansion x Growth
(w) w(z) -> Expansion History (background metric)
we will use w0 and wa
f= din D e é = Q7 (a) vy -> Growth History (metric perturbations)
dina 4 6 1S probably need one more parameter here
6 = D(a)6(0) LinearTheory: P(kz) ~ D?2(z) P(k,0)
o= —-H6 ;ass conservation

|

f = growth rate factor: tell us if gravity is really
responsible for structure formation! 3
Could also tell us about cosmological parameters or

Modify Gravity

1
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x 103
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Cosmology with Galaxy Clustering:
Probes used

|. Angular clustering: Galaxy-Galaxy (GG) autocorrelation
in narrow redshift bins

2. Weak Lensing: Shear-Shear (SS), Galaxy-Shear (GS) &
Magnification (MAG = GG cross-correlations)

3. Redshift Space Distortions: RSD, ratio transverse to

radial modes

Focus here only on large scales, where bias is only weakly no-linear (and
r~1) but evolves with redshift and luminosity b=b(z)

Combine (cross-correlate) Photometric & Spectroscopic Surveys

astro-ph:1109.4852



Galaxy Clustering: 2pt

(in real space)

3D: all modes to be measured

traces galaxies (not DM) PR

is biased: can not be used for DY R SEE PNy, -
precision cosmology (unless modeled) EONE W o o L N
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halos (and galaxies) to study LSS

1%

Galaxy Biasing:

On large scales, DM halos (that

host galaxies) and dark-matter
particles trace very similar
structures (LSS): we can use
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DES-MICE Galaxy Catalog
Data RE|ease VO.3 r1.0 ice.cat/mice

MICE matter overdensity at z=1 DES—MICE galaxy overdensity at z=1




Galaxy bias evolution (~ luminosity evolution):
how many parameters!

The characteristic time scales for bias evolution 1s Aa > 0.1, corresponding to t > 1Gyr,
which 1s typical of galaxy evolution: 4-5 values between z = 0.2-1.5

_ _ &gm

! I T | ! | ' | !
 b(2=0.4,0.7,1.0,1.2)=1.3,1.4,1.7.2.1 J \/fggfmm
e/dof=2,74 gal.real.v0.2r24 .
o (b, from Q4(z) | —
-égm/émm A il §e
~— bz mm T & & bz mm 1
L 'su/elm 1/2 m | ggg 6 € 5 ( " bzgmm)
> -(sgg/fmm) m 5 ggrn 2 b €mm
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B l 5 = ~ ] o] (/8 £ 1 - — 1 — 266
. 1 \/1 T €c/b2€nlrn 2b €mm
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é&
_ @mw@ _
i i ge(r)§< 6m€> ~ ()
1 2-sigma errors =
o ———
£ E re Egié(émmsu) A(r2-1)=-0.1% ;
1.02 - r Simulations show that 4 values
T 1} Ogpdgeas-aeg g g 00 I (between z=0.2-1.4)
0.98 |- 4  of b(z) are enough for 1% accuracy
0.96 | E_& 4 | T E_5
0 n o 04 0 e 0 1 10 157




Some conclusions for galaxy bias in simulations:

9.6 does not depend on scale and r=1 for r12>20 Mpc
(at <1% accuracy)

* b(z) evolves over time-scales of |1 Gyr
(as D(z) or galaxy evolution) => 4 parameters

We can therefore use galaxy clustering for precision (%)
cosmology if we restrict to linear scales and use b(z) for evolution.

But note that b(z) is degenerate with D(z):
Pc(k,z)= D?(z) b%(z) Pm(k,0)

so galaxy-galaxy (in real space) alone is not enough to
measure growth:y



Weak Lensing

® galaxy fluctuations due to lensing s, = (2.55 — 1)5. = (55 — 2)5..

— — —

® galaxy fluctuations 80, (8) 2 b, (0) + & (8) + S pisOm, ()

® galaxy & shear correlations compared to

matter
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Weak Lensing
traces 2D unbiased dark matter
distribution i1n front of soucers

r(z) ~ Lens
1000 Mpc

_ 3QmHy r(2)r(z); 2)

~ 2H(2)a 7ror(z;)

Pk,z) =
where y(z) = ¢/H(z), Telescope
spectrum at k = (£ + 1/2)/r. In linear theory P(k,z) =
D*(z)P(k).




Shear-shear tomography is still 2D

Chir; (£) /Ozj dz pk;(2) px;(2) P(k,2) k={/r(z)

/z“’ dz (3QmHo ? r(zi;2)1(25; 2) P(k, 2)
o TH \ 2Har Tl ’

Geometry vs  Growth

2

—1 ] 1 4 T I 1 '—'--L_l 1.4 '_"‘—L 1 3 4 L4 T L4 . LS
N /px(z.zj— 1.0) 4
! xu(z) = ¢/H(2)
=) L
= 72 [{ P«(2.2,=-2,-4,.6, 8 1.0)*p.(z.2;=1.0) source plane
oS lens plane
ol observer plane ;
] :
e —9 — 1)
s | <} - / ‘
O - 1 s ————— ' S— —— |
Fia 2. Weak le nslng efliciency for shear-shear R Ls
(2, z,)p,c(z Z;) for 2; = 1.0 and 2; = 0.2,0.4,0.6,0.8 ana 1.0.

Top line corresponds to p.(2z,2Z; = 1.0), for 511 axy- shc ar lensing.



Redshift Space Distortions

® Depends on bias

® But also has a term that only depends on
velocity divergence

® f can be separated by comparison of
transverse to radial modes

BAO (Baryon Acoustic Oscillations)

® |ndependent on bias

o |[-2D
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Anna Cabré’s PhD Thesis arXiv:0807.3551

BAO: E(m, o)

™ radial H(z)
. H(z=0.34) =83.8 £3.0+ 1.6
Gaztanaga, Cabre & Hui (2009)

Transverse fcdz/H(z)
| 6(z=0.34) = 3.90 + 0.38
0 100 o 100 -»  Carnero etal 2011

01 02 03 04

v = 0.94 4

w § B [

FoMy=6  Crocce etal 2011

(Forecast for DES:

Ross etal 2011)



Cosmology with Galaxy Clustering

Combine (cross-correlate) Photometric &
Spectroscopic Surveys
and all different probes

|. GG auto-correlations

2. Weak Lensing: SS, GS, MAG=GG cross-correaltions

3. Redshift Space Distortion

astro-ph:1109.4852
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Forecast Cross-correlations: narrow bins

0

4:0) = [ d2 pa, (om0, 2 Gunillh = f " dz pa,(2) ps, (2) P(k, 2)

Galaxy-gala - _ _

Magr),(i}/ifatioﬁy Caikj o~ bn;pi;Pi - Cross-correlation Ratios:
or Measure bias, ie from Cii/Cij

Galaxy-shear Measure pij, ie from Cij/Cik

are 3D with z Measure P(k) ie from Cij*2/Cii

Ml I . —.
P = P(f:,,z,,) ki=l
XzXH,
T—~ —= F px('f'""i'_-i 4.1 B 30 Ho Xl’(Xj_Xi) f()l' z‘< .
S i T - is = Pp.l25) &= 2H(z;)a; XHOX J
= = Pij = Pr; (2i) {0 _——
s ° / xu(z) = c/H(z2)
i WE IGNORE RSD HERE
-4 ¥ Y
° F#l’ == Z Z 661) G;Inn acmn
Pu D

Fia. 8 Weak lensing efliciency for shear-shear power £ork; ij,mn
Pz, 2:)Px (2, Z2;) for Z2; = 1.0 and 2 = 0.2,0.4,0.6,0.8 and 1.0.
Top line corresponds to p.(2,Z; = 1.0), for galaxy-shear lensing.



Forecast | RSD(BAO) WLXG oo [

Spectroscopic
(B=Bright) / x

(o)
x
?

— 1

- 22.5<i<24

Photometric x §4 101
(F=Faint) v T W
Combined as B F _— / BRI ?
independent: B+F ;
Cross-correlate same B (+ F) B F 0 R L oere s vt 1 P24 15
Area: BxF X z

Observables:

WLxG: Angular clustering of Shear-Shear; Galaxy-Shear; Galaxy-Galaxy
RSD: f(z)D(z); b(z)D(z) from P(k,z) in 3D with
Fisher Matrix of RSD and WLxG are added: transverse modes+radial ratios

Nuisance parameters: bias (4 for each B & F), photo-z transitions (rij), noise (o/n)

Cosmological: Om - ODE - h - sig8 - Ob - w0 - wa - Y - ns - bias(z)

70.89 0.22 -22.5 —52-A,.A0-05
FoM,~ ~ 2700 A m 1,474 e~ Tz Ar
astro-ph:1109.4852



WLxG: shear-shear, galaxy-shear, galaxy-galaxy

Forecast: Planck+SNII priors
WLxG
+RSD

FoMy~ s =l
Shear- | Galaxy alaxy
X 103 +BAO Shear IZI\?(";‘VSVEI +RSD BIAS ISINOWN

RsD | WL | Galaxy- [Galaxy=} .\, -

(eg 3pt)
Photometric

Spectroscopic
el | 0.5 | 2.7 0.1 | 17

Surveys Combined as
independent 38 617
Cross Correlated over
same Area 251 1 554
0.75 FoM,,~ 5000 Sq'deg°
x10%

__ 0.60 0.35 @ RSD B5000spec i<22.5

3.2 4 Shear F5000, i<24.0
14.9 &4 RSD+Shear F+B5000spec
159 RSD+WL FxB5000spec

0.45

o(y) ~0.04
o(w0) ~0.03
O(wa) ~0.07
bias ~ 1%

0.2

0.0

)
..o”

—-0.2

-1.20 -1.05 -0.90 0.45 0.60 o By 4

o 0; astro-ph:1109.4852



Spectroscopic follow-up strategy

Given a photometric survey i<24 (F5000), a
complementary galaxy survey (B5000) will add

Probe sample FoMw FoMy FoMwy
RSD B5000spec 20 |7 0.4
RSD B5000spec21.5 10 |16 0.2

BAO B5000highz /8 - -

BAO+RSD B5000highz 100 27 2.7
BAO+WL-all F+B5000highz 384 48 |7
BAO+RSD+WVL-all F+B5000highz 597 66 40
WL-all+RSD FxB5000spec 2113 74 159
WL-all+RSD FxB5000spec21.5 1509 65 98

astro-ph:1109.4852




Conclusion astro-ph:1109.4852

® Combining Spectroscopic and Photometric
samples and different probes can bring a boost of
x100 in FoM (roughly 2-5 times smaller errors)

9.6 Req: Photo-z error transitions need to be known to 1% accuracy
9‘6 Req: Bias evolves on timescales> | Gyr

9’6 Thanks to measurement of galaxy bias

® Spectroscopic follow-up: is better to measure
spectra of lenses than doing BAO

® Magnification can be as useful as shear

® |f more is known of bias another x5



