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Introduction to cosmology and dark energy
The 4 main probes: principle

Summary of our main papers

Work In progress on probe combination
— Frequentist and data grid
— Consistency check

Summary



Cosmology group in FCPPL

Main topic is cosmology (dark energy/ dark matter)
— Phenomenology
— Data analysis : combinations and systematic studies
— Datagrid: ESR and EUCHINA VO
SN

7 labs:
— 5in Beljing: IHEP+PKU+NAOC+Tsinghua U.+Beljing Normal U.
— 2 in Marseille: CPPM+CPT

One join thesis between CPPM and PKU: SUN Lel

Some long term missions every yeatr:
— Y year in CPPM : Sun Lei
— 1 months in CPPM : Pr QIN Bo, DENG Jinsong

— 3+2+2(1)+1 months in Beida and IHEP : Charling Tao, Zuxuan
Qian and myself



Introduction to cosmology

Cosmology based on :
Cosmological principal :Homogenous and isotropic Universe

General relativity: G, +®g,, = 8nGT

Energy content: Q = p/p,

Equation of state: w(z)=p/p
Matter (Q2,,)) : w =0
Radiation (€2,) : w=1/3

Cosmological cste (Q2,): w=-1

Q,=1

Dark energy (€2y) : w(z)

MAP990006

QT:Qm'l_Qr'l_QX



Few words about Dark Energy

* /0% of dark energy in our Universe

« Expansion of Universe Is accelerating:

— Left hand side:
* ® is a new constant of nature
« It acts like a long range repulsive force : F55 -Gr

— Right hand side
* New field(s) with negative pressure : w = p/[dJ<0
« Characterized by equation of state:
w(z) = wytw,.z/(1+2)
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Looking back in time in the Universe
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Looking back in time in the Universe
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Looking back in time in the Universe




Temperature correlation
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Baryonic oscillations from last

scale structures

D. Eisenstein/CMBFast

(

150
Radius (Mpc)

Weak leftover from oscillations have been observed in galaxy
distributions. For a flat Universe, one expects:

\ 1 /a"" C; ; 150 M Peebles & Yu 1970;
P ; aa o S &
1/2 1/2 PC unyaev
H oQ-m/, 0 (a+aeq) / Zel’dovich 1970

Confirmed at 3-4c by 2dF (Cole et al) and SDSS (Eisenstein et al)




Baryonic Oscillations:
SDSS Luminous Red Galaxies Correlations
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“Weak Lensing”

Deformation matrix:

Direct measurement of

Other methods measure




“Weak Lensing’

2.010™

15107

1.0-107°

50-10°

D_ﬂ1 []EI - T - et - FEfr A R . ! - LA ::' ; n™ 8 4 P & !
- T AR® .,/ 5 ’
5.0-10° . X
-1.0-10° - f .
| A
o ; 0 [arcmin] $a Soire.
Mass aperture variance in the E(red) and B(black) mode % angular distance il
®a 5 s . ™ - . » . S - » . '. ‘q“ /
¥ . - :‘)‘
¥ L 5 -

without lensing Lensing effect



Mp = 5 log(h/o5)

SN la are not standard candle but
are standardisable to some level
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Direct measurement of the scale factor with distance: Hubble diagram




Hubble diagram: Union data set

307 SN 1a

For a flat Universe
Q,.,=0.45+0.08
W,=-1.0+0.7

W, =-5.91+9.6




“Galaxy Distribution as a Probe of the Ringlike Dark Matter

Structure in the Galaxy Cluster CL 0024+17”
Bo Qin, Huan-Uan Shan,Andre Tilquin

By using weak and strong lensing,
dark matter density profile has been
reconstructed and shows a ring like
structure (Jee et al. 2007)

Our paper shows that galaxies do
not exhibit such a structure as
expected.

Using a simulation technigue taking
Into account the completeness of
galaxies sample from Czoske et al
(2007) catalog exclude such a
Istrucl:ture at a 99.6% confidence
evel.




“Catastrophic Photo-z Errors and the Dark Energy Parameter

Estimates with Cosmic Shear”
Lel Sun, Zu-Hui-Fan, Charling Tao, J-P Kneib, Stephanie Jouvel, Andre Tilquin

* Future large WL survey need a good
measurement of galaxies redshift: use of
photometric redshift estimate (9 filters)

* Mis- |dﬁntification of the Lyman(1200) and
4000 A break leads to catastrophic error.

 Af_, Of 1% leads to systematic biases
on w, and w,

 Inthis paper we estimate the number of
galaxies spectra 3<z,,,<4 needed to
calibrate the catastrop?uc contamination

(feata)

* For a survey of 1000 deg? (10000 deg?)
the number of spectra is 800 (8000).




“Probing for Dynamics of Dark Energy and Curvature of Universe with

Latest Cosmological Observations”
Gong-Bo Zhao, Jun-Qing Xia, Hong Li, Charling Tao, Jen-Marc Virey, Zong-Hong Zhu, Ximmin Zhang

* Try to constraint in the same
time curvature and dark energy

 Using WMAP 3 years, Large
Scale Structure and 182
Supernova: MCMC and dark
energy perturbation: |€2,|<0.06
at 2o

* Assuming a flat Universe
doesn't change drastically
equation of state parameters
measurement:

— Non flat:;

— Flat;

Results confirmed by simulation studies from Marseille groups (CPPM+CPT): “On the determination of
curvature and dynamical Dark Energy » by J.-M. Virey, D. Talon-Esmieu, A. Ealet, P. Taxil, A. Tilquin




Constraining Cosmological Parameters with Observational

Data Including Weak Lensing Effects
Hong Li, Jie Liu, Jun-Qing Xia, Zu-Hui Fan, Charling Tao, Andre Tilquin,
Xinmin Zhang

Study of cosmological implications of
the 100 deg? Weak Lensing Surveys
(CFH,RCS,Virmos-Descart, GaBoDS)

Combined with WMAPS5, BAO (SDSS)
and Union SN set (307 Sn z<1.7).
MCMC method+DE perturbation.

Some improvement adding weak
lensing (red dashed) on equation of I With WL (®CDM)
state. Minimum value slightly in N

agreement with Quitom model (-
1.06,0.38)

Without WL (®CDM)
" With WL (XCDM)

P_Eobabi_lity

Improvement of 0.2 eV on the total
neutrino mass:

— &Mg<0.47eV(95%CL) for ®CDM
— &6mMg<1.11eV(95%CL) for XCDM




Work In progress about full
combination

 Different statistical approach

— Frequentist statistic
— Use of datagrid: ESR and EUCHINA

A little bit larger weak lensing survey
— 135 degre?

» Exploring all possible combinations for
consistency check and systematic
— Dark energy perturbation
— SN evolution and bias



Which statistic: Fregentist

e Statistic based on the log likelihood: %2(€;,wgy,wW,,...)
e Minimum using the gradient method: scy?/5%*Q.=0
Iterative numerical resolution:

« Contour: Solving the equation y2., = %%y, TS°
Marginalization obtained by minimization:
sz(WO’Wa) = szin(Qi | WO’Wa)

The contour is constructed by minimizing x> over Q ,on a grid
of points in wy,w, (Mminimum 20*20). Iso-y2 are constructed
using interpolation.

Because we are using full simulation (2 mn of CPU to compute
a ¢ with cmbeasy), each contour is 1-2 years of computing.

=> Datagrid: ESR and EUCHINA



EGEE graphical interfaces

« 2 graphical interfaces has been developed to construct, submit and
control jobs.: Thanks to Zuxuan Qian (CPPM) who wrote these 2
Interfaces and installed datagrid for ATLAS in IHEP and PKU.

ad CEG  frencirftilguin/synthese/gridctr, omec.xml S
i GridJob | Option Window

prepare juhs

edit
remove
clone

[ MPI_Limit_Conye _fatve edit
[} MPI_Lirmit_cC
[T} MPI_Limit_P

selpdate="2"

D T P1_h 4 W | IZIﬁj;hS 77777 submlt had leb -
| MPI_R._%

' Get output from grid \ Show local output 1
leicaiiiiasen s i oo Cuatec it |
N — _ o
Get data size 6B | } Get data file 6B ‘ ‘ Check result (total) | ‘ Concatenate data file ‘ [ Option



Combinations summary:

* Use:
— WMAP 5 years
— BAO Eisentein 2005
— Weak Lensing (4 surveys, 132 square degree)
— Union SN data set : 307 SN fromz =0to 1.55

« Fitted parameters:
— Qy, Qcpy, Ny N, T, 05,0805, Mg, Wo, W,
— Flat Univers
— No dark energy perturbation yet
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2 by 2 combinations (€2=1)

SN_UNION+WL

BAO+WL
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3 by 3 combinations (QQ-=1

WMAPS5+BAO+WL

WMAP5+SN+WL
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Dark energy perturbation

« Dark energy perturbation has important effect on CMB

« Effect on Weak Lensing and BAO expected to be small.
— Should be estimated : work in progress

WMAP5+SN+BAO+WL ¥ BAO+SN+WL
DE perturbation

2
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SN Fit WITH WMAP+BAO+WL
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SN pull and evolution: work in progress

Mean = -0.18+0.07
Sigma = 0.98+0.07
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(mag_sn — mag_predict)/ermag

z>1 point

3.1 sigma effect

SN a little bit too bright at high z (<5%)

*No significant evolution seen: $mag<0.1 for z<1

*SN a little bit too bright at z>1 (HST) : Evolution ? Malmquist bias ? Gqlqctic

subtraction




Summary

 Interesting results have been obtained by the Cosmology
group in FCPPL

* The full combination (MCMC or Frequentist) of
cosmological probes give precise statistical results on
dark energy equation of state parameters.

« Systematic errors and bias studies are starting:
— By using simulation : catastrophic error on photo-z
— By using data : SN evolution or Malmquist bias.

Prospective:
* Reproduce the SN analysis with other probes
* Add new probes (Clusters counting, galaxies diameter..)

« Try to address modified gravity models...
— Growth factor
— Luminosity/diameter distances
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“Weak Lensing”

-
o »

w

.
v
2 L
.
-
.
L
" .
R ™
.

ithout |

. .
- -
.
o »
» - e »
e su™ »
™ -
. -e »
*
-
- -
. .

ensing

15107
1.0107 |
50.10°
0.0-10° pg

»
e .
- - ! s
# & - 5y
- -
- -
= a . Y
- s 0' - - .
oy g - b " e o
» . e - . 5\
$a P . . ’ L]
. . . - - 4
. ’ i
R .. - v - e "l.
S & M a & - - .
- - - N - \'. -t

e L

Lénsing effect



