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The ACDM Paradigm 2
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Non-Linear Scales

(Quasi-)Linear Scales:

* density contrast < O(1)
e cross-correlationr,, =1

* structure Formation
analytically tractable

Non-Linear Scales:
* density contrast = O(1)

e cross-correlationr,, # 1

* requires N-body
simulations
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The Dark Matter Halo 4

Dark Matter
Halo

Central
Galaxy

Satellite
Galaxies
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Galaxy-Halo Connection - Basics
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Galaxy-Halo
Connection

Galaxy Distribution

Galaxy-Galaxy Lensing

Galaxy-Halo Connection:
Ngal(Mh ) aka HOD
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* Empirical Modeling of
the Galaxy-Halo
Connection

* BOSS Clustering +
Lensing Discrepancy

* New Methods for
Satellite Kinematics

e SDSS Constraints from
Satellite Kinematics

 Future of Non-Linear
Scales
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BOSS Lensing
Discrepancy



Inferences from Galaxy Clustering

0.4

Johannes Lange

RPM Seminar

0.4

Galaxies and DM halos
are biased tracers of
the matter distribution.
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Inferences from Galaxy Clustering
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More massive halos are More luminous galaxies are
more strongly clustered. more strongly clustered.

More luminous galaxies live
in more massive DM halos.
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Inferences from Galaxy-Galaxy Lensing

P ol . i

- 7. background sources .

More luminous
galaxies live in more
massive DM halos.

Johannes Lange
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Problem: Lensing is low

* independent studies
analyzed clustering

of BOSS CMASS

* consistent
predictions for
lensing

* higher than whatis

observed with
CFHTLenS/SDSS
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Lensing Discrepancy: Redshift Dependence

Clustering

12
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13

Lensing Discrepancy: Redshift Dependence

Lensing
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The lensing discrepancy is
independent of redshift.
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Lensing Discrepancy: AGN feedback?

T T T LI BB B B A | 12-0
19k 1o
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10.0

rp [R™" Mpc] | AGN Feedback alone seems
unlikely to Fully explain the
lensing discrepancy.
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Lensing Discrepancy: Assembly Bias?
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Assembly Bias .
Clustering of halos
depends on properties
other than halo mass.

0.10 1.00 10.00
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Lensing Discrepancy: Assembly Bias?

Older halos : Younger halos

3 Galaxy assembly bias
Abias—l - . . o
- ® . . alone is unlikely to explain
12 (@) . . the lensing discrepancy.
~o B ® @O |
ST y
Abias = -1/2 T
se 00 - |
- 99 00 i |
Hearin+16 2 |
2ol :
HOD: mass-only galaxy occupation ;
dHOD: additional dependence on ol oD )

secondary halo property . 10° 10!
Lange+(in prep) 7 [A™" Mpc]
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Lensing Discrepancy: Cosmology

[ — Planck1s '
i WMAP5 .
2|
E 2._ 0.90 - r T
L 0.85 |
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Halo Mass log M S 0.80 ]
cosmology can } this work |
resolve the 010 026 028 030 032 031
discrepancy. Lange+(in prep) Q,
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Lensing Discrepancy: Cosmology
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There might be tension
between observations of
the low-redshift Universe
and Planck CMB results.
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Maturing
Satellite Kinematics



Satellite Kinematics Recipe

1) Identify centraland . *8 T Mote™dg
satellite candidates 7, 26 E
2) Bin centrals in = ; -
: - X 2.4 —
luminosity, color etc. S = :
3) Stack satellitesin & 22 [ -
each central bin 3 of | - (a)

4) Measure velocity
dispersion in each bin 9.0 10 102*5
1 L./h==L
5) Model galaxy-halo og (L./ o)
connection OZOCMvir/R and RocMii/r3
- O,ZOCMZ/B

vir
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Satellite Kinematics: Where are we now?

| |I—|— T | T T I_
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Leauthaud+12
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Way of stacking satellites matters!

* not all centrals live in
halos of same mass i

 satellite weighting Hr

(sw): equal weight :
for each satellite

* host weighting (hw):

equal weight for 05

each central : :

g Lol | RRN RO O TR T T T 2 T i 10 0 |

° < 11 12 13 14 15 16
th/osw. 1 measures . o e /)
scatter in halo mass

10.5 [

10 |- 1 Trog L

<log (L./h-2Lgy)>

e Ulogu ]
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Fiber collisions are an issue!
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Not correcting for fiber collisions leads to
systematically underestimated halo masses.
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Forward modeling of observational effects

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

Correlation

Johannes Lange RPM Seminar

.+ e uncertainties

estimated from
mock catalogs

0., and ¢, highly
correlated
— better constraint

on halo mass
scatter

calibration of
analytic model with
mock catalogs
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Halo Mass Luminosity Scatter
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Satellite kinematics constraints are close to unbiased
and very competitive compared to clustering + lensing.




Satellite Kinematics
In SDSS DRY



New Constraints from SDSS DR7

* DR7, galaxies with 0.02

<z<0.067,L>1095
 ~45 000 centrals,
~7,000 satellites

* red galaxies at fixed
luminosity have more
satellites/higher
velocity dispersion

Johannes Lange
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Model can accurately Fit SDSS DR7
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Comparison with previous studies

! 2 ! Zehavi+11

E —4—5 E Sinha+18

i E i Zentner+16

E *E E this work
-ih- E E Guo+15

E +E E Vakili+16

i o i o i ~ ®| More+11
0.2 0.3 0.4

Satellite Fraction fsat
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Satellites follow a

low-concentration NFW profile

* dark matter
follows NFW 1.0
profile

* subhalos have
cored profile

C1og Lyt = 10.25 — 10.50 ]

0 NFW

71 bNFW

1 Cored
X  SDSS

Satellites in SDSS
have a radial
profile in between o
that of dark matter ' — 0
and subhalos. log 7, [h™" Mpc]
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Comparison with previous studies

1.52- ¥ 'Sill.lh'a—ll—1'7' Illt_  Biasb (—> Mass M,
Gl bl 41 determines
o1l § et bty clustering
q2pe R t«  sat. kin. in blue, other
ivp .1 results from
o B *‘ clustering/group cat.
EF 1 < total massincreases
B 4# with cen. luminosity
U gk 1 MResults from sat. Kin. are
= P TR T T E R in gOOd agreementWith
Central Luminosity log L)' [h ™2 Le)] other studies.
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High-Precision
Modeling of Non-
LInear Scales



Cosmology in the Non-Linear Regime

102 3

w, [h~ Mpc]

= centrals-satellites S N

- satellites-satellites So

https://github.com/johannesulf/TabCorr |

“~
centrals-centrals & N So

109 101
rp [h™1 Mpc]

Problem: The accuracy of analytic models
for the matter and galaxy distribution on
non-linear scales is insufficient for future

surveys.
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Solutions?

Option 1: 0.201
ignore non-linear scales o1
— Problem: 3 005
huge information loss oo

o1 1  10Zhai+18

Option 2:
simulation-based approach
— Problem:

computational cost
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Future Directions

Emulating galaxy clustering and galaxy-galaxy lensing into
the deeply nonlinear regime: methodology, information,

and fore

aqtg

Benjamin [

Lehman H.

Marc Metcl

DARK QUEST. I. FAST AND ACCURATE EMULATION OF HALO CLUSTERING STATISTICS AND ITS APPLICATION
TO GALAXY CLUSTERING

TakaHIRO NISHIMICH

The Aemulus Project I: Numerical Simulations for Precision Cosmology

JOSEPH DEROSE,""? R1SA H. WECHSLER,"? JEREMY L. TINKER,® MATTHEW R. BECKER,">* YAO-YUAN MAO,’
2
THOMAS MCCLINTOCK,® SEAN MCLAUGHLIN,"? EDUARDO R0Z0,° AND ZHONGXU ZHAT®

L(H,C|D)ep(H,C)p(D{M (H,C))

H: galaxy-halo connection
C: cosmology

D: measurements

M: predictions

Emulation of observables

might be the way forward.

However, this is still not a
completely solved problem.
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Summary

* The BOSS lensing discrepancy suggests a
revision of galaxy formation or cosmological
models.

* Satellite kinematics can now be used as
robust tool to probe the galaxy-halo
connection.

e Satellite kinematics constraints from SDSS
are among the most stringent and agree with
other methods.

* In the future, simulation-based approaches
are needed to probe non-linear scales. New
methods need to be developed.
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