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1- The Lya Forest

* Neutral hydrogen absorptions in the IGM along the line of sight of high redshift QSOs
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1- The Lya Forest

» Neutral hydrogen absorptions in the IGM along the line of sight of high redshift QSOs
* Low density IGM acts as a proxy of dark matter density

Lya forest is useful for cosmology
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1- The Lya Forest

* Neutral hydrogen absorptions in the IGM along the line of sight of high redshift QSOs
* Low density IGM acts as a proxy of dark matter density

Lya forest is useful for cosmology

3D correlation (large scales ~100Mpc/h ) sensitive to BAO
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1- The Lya Forest

* Neutral hydrogen absorptions in the IGM along the line of sight of high redshift QSOs
* Low density IGM acts as a proxy of dark matter density

Lya forest is useful for cosmology

_ Chabanier, Millea, Palanque-Delabrouille 2019
1D correlation (small scales ~ 1Mpc/h)

= Planck 2018 TT
Planck 2018 EE
= Planck 2018 ¢¢
DES Y1 cosmic shear
{ SDSS DR7 LRG
{ eBOSS DR14 Ly-a forest
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1- The Lya Forest

* Neutral hydrogen absorptions in the IGM along the line of sight of high redshift QSOs
* Low density IGM acts as a proxy of dark matter density

Lya forest is useful for cosmology

1D correlation (small scales ~ 1Mpc/h) sensitive to smoothing
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1- The Lya Forest

* Neutral hydrogen absorptions in the IGM along the line of sight of high redshift QSOs
* Low density IGM acts as a proxy of dark matter density

Lya forest is useful for cosmology

1D correlation (small scales ~1Mpc/h)

Credits: A. Borde
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1- The Lya Forest

* Neutral hydrogen absorptions in the IGM along the line of sight of high redshift QSOs
* Low density IGM acts as a proxy of dark matter density

Lya forest is useful for cosmology

1D correlation (small scales ~ 1Mpc/h)
Step-like power suppression with active neutrinos
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1- The Lya Forest

* Neutral hydrogen absorptions in the IGM along the line of sight of high redshift QSOs
* Low density IGM acts as a proxy of dark matter density

Lya forest is useful for cosmology

1D correlation (small scales ~1Mpc/h) Power cut-off with warm dark matter
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2- The 1D Power Spectrum of the Lya Forest Analysis

The SDSS BOSS/eBOSS spectroscopic surveys

1.5 million galaxies

e 2.5m Sloan telescope (New Mexico)
e Survey area: 10,000deg”

190,000 QSOs
22<z<5
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2- The 1D Power Spectrum of the Lya Forest Analysis

The SDSS BOSS/eBOSS spectroscopic surveys

1.5 million galaxies
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2- The 1D Power Spectrum of the Lya Forest Analysis

Data selection * 43,000 spectra out of 190,000 of DR14 eBOSS

e Selected over
- SNR to reduce statistical uncertainty

- Resolution < 85 km/s
- quality (no high density absorbers)

Relative Flux
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2- The 1D Power Spectrum of the Lya Forest Analysis

Absorbed spectrum

Method P, = FFT* () o
McDonald 2006 (1) = f (/1_) B
C,()f(z)
Flux absorption field f

Quasar continuum = unabsorbed spectrum
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2- The 1D Power Spectrum of the Lya Forest Analysis

Method

MacDonald 2006

P. =FFT*(0)
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2- The 1D Power Spectrum of the Lya Forest Analysis

DR9: 13,000 QSOs
Statistical uncertainties
DR14: 43,000 QSOs
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2- The 1D Power Spectrum of the Lya Forest Analysis

Systematics uncertainties Z m,,my,,,

Continuum
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2- The 1D Power Spectrum of the Lya Forest Analysis

Final measurements DR14 eBOSS

Chabanier, Palanque-Delabrouille, Yeche et al. 2019
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2- The 1D Power Spectrum of the Lya Forest Analysis

Comparison DR14 eBOSS / DR9 BOSS

« Significant decrease of data-related uncertainties gain of 2 on statistical power
improved census of systematics

e One extra redshift bin
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2- The 1D Power Spectrum of the Lya Forest Analysis

Significant decrease of data-related uncertainties...

we need an improvement of theoretical predictions from simulations

S A 9
\\_\ 3 Star formation

AGN feedback
galactic winds

gas cooling

Solene Chabanier 21 November, 8, LBNL INPA seminar



N




3- AGN Feedback Impact

AGN feedback
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3- AGN Feedback Impact

Hydrodynamical cosmological simulations Vogelsberger et al. 2019

Illustris ;o _+ “MustrisTNG

.’

. Hori'zqn-Aé'I\l'
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3- AGN Feedback Impact

The HorizonAGN simulation

e Cosmological hydrodynamical simulation run with the Adaptative Mesh Refinement (AMR)
code RAMSES (Teyssier 2002)

gas density

Solene Chabanier 25 November, 8, LBNL INPA seminar



3- AGN Feedback Impact

The HorizonAGN simulation

e Cosmological hydrodynamical simulation run with the Adaptative Mesh Refinement (AMR)
code RAMSES (Teyssier 2002) ;

 Runtoz = 0.2 using 4 Million CPU hours
 Boxsize: L, =100Mpch™ with WMAP 7 cosmology

« Cellsize = lkpch™ to 100kpch™

» Included physics: - Gas cooling with contribution from metals
- Heating from a uniform UV background
- Stellar formation
- Stellar feedback: release mass, energy and metals
- AGN feedback

e Companion simulation Horizon-noAGN

gas density
temperature
gas metallicity
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3- AGN Feedback Impact

The AGN feedback in the HorizonAGN simulation

* Black hole are sink particles which can accrete gas at the Bondi-Hoyle accretion rate:

v 4MaG’M ., p

_ (X boost factor, accounts for not resolving the accretion disk
BH (EZ+I/—tZ)3/2

(p1py)” It P>py

1 otherwhise

Solene Chabanier 27 November, 8, LBNL INPA seminar



3- AGN Feedback Impact

The AGN feedback in the HorizonAGN simulation

e Black hole are sink particles which can accrete gas the Bondi-Hoyle accretion rate:

- 4llaG’M;,.p
My, = (52+L72)3/2

S

AGN feedback proceeds in two modes:
- Quasar mode: high-z universe, emit large amount of radiations, photo-ionize and heat gas

———— Injection of thermal energy in a sphere of radius gy = Ax

Rupke et al. 2017
PG1411+442 4-20 2 4

37x37 kpc

HST: ACS/FB25W
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3- AGN Feedback Impact

The AGN feedback in the HorizonAGN simulation

e Black hole are sink particles which can accrete gas the Bondi-Hoyle accretion rate:

- 4llaG’M;,.p
My, = (524—1/72)3/2

S

AGN feedback proceeds in two modes:
- Quasar mode: high-z universe, emit large amount of radiations, photo-ionize and heat gas

Injection of thermal energy in a sphere of radius ¥gy = Ax

- Radio mode: low-z universe, creation of inflated cavities with strong magnetic fields

Injection of kinetic energy in jets of length 7,y = Ax
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3- AGN Feedback Impact

The AGN feedback in the HorizonAGN simulation

e Black hole are sink particles which can accrete gas the Bondi-Hoyle accretion rate:

- 4llaG’M;,.p
My, = (52+L72)3/2

A

AGN feedback proceeds in two modes:
- Quasar mode: high-z universe, emit large amount of radiations, photo-ionize and heat gas

Injection of thermal energy in a sphere of radius ¥gy = Ax

- Radio mode: low-z universe, creation of inflated cavities with strong magnetic fields

Injection of kinetic energy in jets of length 7,y = Ax

e A fraction € of the radiated energy L, is injected to the medium AEIGM = efLr
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3- AGN Feedback Impact

The AGN feedback in the HorizonAGN simulation

* Reproduce well scaling relations, mean fraction of gas in galaxies

Dubois et al. 2012 _ 0.6

1 .COD
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e S— prrrrre — Welker et al. 2017
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3- AGN Feedback Impact

Credits: Y. Dubois

Solene Chabanier November, 8, LBNL INPA seminar




3- AGN Feedback Impact

The Lyxx forest in the HorizonAGN simulation
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3- AGN Feedback Impact

AGN feedback effect on the P1D o _
Suppression increases with..
P,,(HAGN)
=1+ €6y : .
P, (HnoAGN) .. increasing scales
———

.. decreasing redshift
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3- AGN Feedback Impact

AGN feedback effect on the P1D: redshift dependence

Comoving black hole mass density black hole mass
E (b) * 107 E
o BF . .
I e E ~ 107 E
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4 » “
2 OF ] =
SN — 107 :
x : ] T :
m 4 o -.: m
il s =
g ) ':‘ 1 05 -
2 : A 105
1 10
142 1 +2

Dubois et al. 2012
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3- AGN Feedback Impact

AGN feedback effect on the P1D: heating

HnoAGN
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3- AGN Feedback Impact

AGN feedback effect on the P1D: heating

Viel et al. 2013
HnoAGN 0.2r T T T
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o e "‘
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3- AGN Feedback Impact

AGN feedback effect on the P1D: heating

HnoAGN
. L .
o | ol - Q Large scales:
6 ; - gl0™ .
S | 4 | 1013 diffuse
94_' Jﬁ " | Bqo12 - stays ionized
o R B! very efficiently heated
10 3
1010
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106 small scales:
dense
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midly heated
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3- AGN Feedback Impact

AGN feedback effect on the P1D: gas redistribution

p[H.cm™3]
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3- AGN Feedback Impact

AGN feedback effect on the P1D: gas redistribution HrOAGN

HnoAGN
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3- AGN Feedback Impact

AGN feedback effect on the P1D

P, (HAGN) _ . heating + mass redistribution
P, . (HnoAGN) Hen
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3- AGN Feedback Impact

The set of additional simulations

Simulation [0 IAGN €f
(p/p())2 if p > py 0.1 if radio mode
HAGN 1 otherwhise Ax 0.15 if quasar mode
HAGNCcIp10 10% of the time: 10ayaGN FAGN.HAGN € HAGN
HAGNCclIp100 1% of the time: 100a@yaAGN FAGN.HAGN € HAGN
HAGNr+ QHAGN 2Ax €, HAGN
HAGNTr- QHAGN 0.5Ax €, HAGN
3 if radio mode
HAGNe+ QHAGN FAGN,HAGN { 15 if
0.45 il quasar mode

0.33 if radio mode
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3- AGN Feedback Impact

The set of additional simulations

Simulation

04

FAGN €f

(p/p())2 if p > pg

0.1 if radio mode

Stochasticity in the accretion rate HAGN I otherwhise Ax 0.15 if quasar mode
2 2 =
v = AeG My, p HAGNcIpl0  10% of the time: 100HAGN  TAGN.HAGN &, HAGN
BH (c2+u*)” HAGNclpl00 1% of the time: 100@HAGN  TAGN.HAGN & HAGN
HAGNTr+ HAGN 2Ax €& HAGN
HAGNr- YHAGN 0.5Ax €f, HAGN
3 if radio mode
HAGNe+ QHAG FAGN. HAG .
HAGN AGN,HAGN { 0.45 if quasar mode
0.33 if radio mode
HAGNe- QHAGN FAGN,HAGN {

0.05 if quasar mode

Soléne Chabanier
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3- AGN Feedback Impact

The set of additional simulations

Simulation [0 IAGN €f
(p/p())2 if p > py ) 0.1 if radio mode
HAGN 1 otherwhise ax 0.15 if quasar mode
HAGNClpl() 10% of the time: ]()(YHAGN FAGN.HAGN €. HAGN
HAGNCIPI()() 1% of the time: lOO("HA(}N FAGN.HAGN € HAGN
. " HAGNr+ QHAGN 2Ax €, HAGN
radius of energy deposition HAGNr— AN 0 5Ax & FAGN
3 if radio mode
HAGNe+ QHAGN FAGN,HAGN { 15 if
0.45 if quasar mode

0.33 if radio mode
HAGNe—- QHAGN FAGN,HAGN { 0.05 if quasar mode

Solene Chabanier 44 November, 8, LBNL INPA seminar



3- AGN Feedback Impact

The set of additional simulations

Simulation [0 IAGN €f
(p/p())2 if p > py ) 0.1 if radio mode
HAGN 1 otherwhise Ax 0.15 if quasar mode
HAGNClpl() 10% of the time: ]()‘YHAGN FAGN.HAGN €. HAGN
HAGNCclIp100 1% of the time: 100a@yaAGN FAGN.HAGN € HAGN
HAGNr+ QHAGN 2Ax €, HAGN
HAGNr- QHAGN 0.5Ax €, HAGN
Efficien rameter 3 if radio mode
HAGNe+ QHAGN FAGN,HAGN { 15 if
AFE —c.L 0.45 if quasar mode
IGM fr HAGN ] 0.33 if radio mode
= HAGN AGN,HAGN 0.05 if quasar mode
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3- AGN Feedback Impact

The set of additional simulations

Parameters chosen to span observational uncertainties

M, —M,
z=23 ‘ ‘ ‘ _z=3.0 ‘ ‘
: .
= 1 | 7.51 — HAGN / I
T 75 HAGNCclp10
g —— HAGNCcIp100
g —— o = |
< 5.0/ 0l | , , | ]
5 9.0 9.5 10.0 10.5 11.0

275, 5| — tacn |
g HAGNr+
g/ HAGNr-
2

o
e

ES:
9.0 9.5 10.0 105 11.0 8.5

Iog(Mstars)[Msun] Iog(Mstars)[Msun]

—

P

= 7.5, — HAGN / ,
T 7.5 5 HAGNe+

>3 —— HAGNe-

go —f— o» \

9.0 9.5 10.0 10.5 11.0 11.5 8.5 9.0 9.5 10.0 10.5 11.0

Mean fraction of gas in galaxies

e Af

g gas
HAGN 0.46 0.0
lo
HAGNclpl10 0.45 < OF
HAGNcIpl100  0.42 o
30 HAGNr+  0.36 3o
HAGNr— 0.57 2oy
HAGNe+ 0.38 230
HAGNe- 0.56 2507y
30

—P our set covers a wide range of realistic feedback models
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3- AGN Feedback Impact

Uncertainties in the feedback model

0.005

O clp100

0.000

4.3
— 3.7
— 3.3
3.0

0.000

5 _0.025

2.5

2.1

0.01 0.02 0.03
k[s/km]
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3- AGN Feedback Impact

. . Efficiently heats
Uncertainties in the feedback model the gas (>107.10°K)

injects
energy to
larger scales

feedback efficiency

lowering 7y stronger feedback because total amount of injected energy is conserved
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3- AGN Feedback Impact

Uncertainties in the feedback model
P, ,(HAGN)

] ] =14 €gu0n
Chabanier et al. in prep P, ,(HnoAGN)

0.00;

—0.08) 7

—0.10]
—0.12 — 2.0
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
k[s/km]
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3- AGN Feedback Impact

0.00;

Impact on cosmological parameters

e=0 o1 — 20 |
l 0.000 0.005 0.0 0.015 0.020 0.025 0.030 0.035 0.040
K[s/km]

e 0.820 +0.020 0.830+0.022 0.831+0.020 0.833T0019

- 0.958 + 0.005  0.950 + 0.005 0.949+0.005  0.946 = 0.005 cosmology

Q,, 0.268 + 0.009  0.269+0.000 0.270+0.009  0.269 + 0.009

To(z = 3) (103 K) 8.55+2.0 8590+ 1.8 .64 +1.9 .66+ 1.2 } (GM temberature
y 0.917+0.132  0.950+0.125 0.934+0.140  0.975 = 0.150 P
AT (1073) 033+£0.06  2.37+0.06 238006  2.40=+0.06 } otical denth
T 3.83 + 0.03 3.83 + 0.03 3.84 +0.03 3.84 +0.03 P P
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3- AGN Feedback Impact

Impact on cosmological parameters

ele

—0.12;
0.000 \0.005

0.010 0.015

@ weak AGN

fIdAGN

0.835 +0.019

oy 0.820 + 0.020  0.830 + 0.022  0.831 +0.020

ng 0.958 + 0.005  0.950 + 0.005  0.949 +0.005  0.946 + 0.005
Qi 0.268 + 0.009 0.269+0.009 0.270+0.009 0.269 + 0.009

To(z = 3) (103 K) 8.55+2.0 859+ 1.8 .64 +1.9 .66+ 1.2
¥ 0.917 +0.132  0.950 +£0.125  0.934 +0.140  0.975 = 0.150

AT (1073 2.33 +0.06 2.37 + 0.06 2.38 +0.06 2.40 + 0.06

77 3.83 + 0.03 3.83 + 0.03 3.84 +0.03 3.84 +0.03
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3- AGN Feedback Impact

Impact on cosmological parameters

0.00;

— 2.0 |

0.010 0.015 0.020 0.025 0.030 0.035 0.040
k[s/km]

D.005

noAGN

fIdAGN

0.831 £0.020 0.835+0.019

bias << 1%

oy 0.820 + 0.020  0.830 + 0.022
ng 0.958 + 0.005  0.950 + 0.005  0.949 £ 0.005  0.946 + 0.005
Qn 0.268 + 0.009  0.269 + 0.009  0.270+0.009  0.269 + 0.009
To(z = 3) (107 K) 8.55 +2.0 8.59 + 1.8 8.64+1.9 8.66+ 1.2
¥ 0.917+0.132  0.950+0.125 0.934+0.140  0.975 +0.150
AT (107%) 2.33 +0.06 2.37 + 0.06 238 +0.06 2.40 + 0.06
77 3.83 +0.03 3.83 + 0.03 3.84 +0.03 3.84 +0.03
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4- Cosmological Analysis

Active neutrinos constraints

PY (k) P"7 (k)

* Lya alone: power suppression + z-dependence -

GS_MV

0.9

0.8

 Lya + CMB: sensitive to amplitude suppression 0.7

0.6

0.5

04

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
N ~ . .
llllllllllllllllllIlllllllllllll'llll

11 1 1 11 11
1072 10" 1

-
o
£
-
o
w

K [h/Mpc]
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4- Cosmological Analysis

Active neutrinos constraints

E [— Pamcomoowm L

NLZ‘ — Ly-a +H, 7

DR9 BOSS results 1: —— Ly-a + Planck (TT+lowP) _

[1] Lya [2] Lya B |

Parameter + H(()}““SSia“ + Planck TT+lowP 08 _-

(Hp = 67.3 £ 1.0) - i

o3 0.831 £0.031  0.833 +£0.011 0'6: i

N 0.938 £ 0.010  0.960 + 0.005 0.4l ]

Qm 0.293 £0.014 0302 +0.014 - i

Hp kms' Mpc™) 6 68.1 £ 0.9 0.2 .

2my V) (< 1.1 05%cCL)) @
~——____— Oo.llllllllllllllx D |

o

5 0.7 0.75 0.8 0.85

o
CXJQ.QO_

Palanque-Delabrouille et al. 2015b

Expected DR14 eBOSS + CMB constraints
(preliminary results)

D M. <0.105 (ev) @95% CL
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4- Cosmological Analysis

Thermal relics constraints

DR9 BOSS results

Data set Lower bound on =%

keV
Ly-a + Hy (z < 4.5) 4.09

Factor > 2: - reduced uncertainties
- addition of the z = 4.6 redshift bin

Pypy ()P, (k)
1.06

Expected DR14 eBOSS constraints

1.04 | S (preliminary results)

1.02}

m,>10 (kev) @95% CL

.00

.98

.96}

.94 - " '
10~ 10~ 10

k/skm '
- m, most constrained by highz
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Conclusion

* High potential of Lya forest - 3D correlations: expansion
- 1D correlations: sensitive to smoothing i.e. > m_ My,

e Significant decrease of data-related uncertainties gain of 2 on statistical power
improved census of systematics

improvement of theoretical predictions from simulation is needed !

LN L LI LI 1T T I L rr r |11ty rr1r 11T rr [ r &1 11T 11T 'J
2 I
> [ 4. ]
i\ T :
— » = —
= t? R ied i pUt M FH 12T R8T
’ o8 ® 7
® 5-C
10— /” —
@ z=22 7=3.4 i
@ z=2.4 @ z=3.6 -@ z=24 @ =36
-@ z=2.6 z=3.8 @ 226 2=338
102 -& z=2.8 -@- z=4.0 — 1072 - 28 D ::Z —
2=3.0 z=4.2 1 2=3.0 2= -
z=3.2 @ z=44 - . 2=32 : i, ]
oo by o b b s T T T T b T N T T o S S ST I A i B
0002 0004 0006 0008 001 0072 0014 0016 0018 500860046008 6008001 0015 6014 0016 Gors _0ge
k (km/s) k (km/s)
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Conclusion

* High potential of Lya forest - 3D correlations: expansion
1D correlations: sensitive to smoothing i.e. > m My,

e Significant decrease of data-related uncertainties gain of 2 on statistical power
improved census of systematics

improvement of theoretical predictions from simulation is needed !

 AGN feedback correction with uncertainty interval spanning a wide range of plausible models

suppresses power due to: efficient heating (large scales)
heating + mass redistribution (small scales)

Induces 2% bias on N, 000

—0.02| —~

—0.04 2 4
£-006 7 2
—0.08| 7

—0.10

—0.12

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
k[s/km]
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Conclusion

* High potential of Lya forest - 3D correlations: expansion
- 1D correlations: sensitive to smoothing i.e. > m_ My,

e Significant decrease of data-related uncertainties gain of 2 on statistical power
improved census of systematics

improvement of theoretical predictions from simulation is needed !

 AGN feedback correction with uncertainty interval spanning a wide range of credible models

suppresses power due to: efficient heating (large scales)
heating + mass redistribution (small scales)

Induces 2% bias on N,

« Preliminary works give: - va <0.105 ev @95% CL slight preference for NH

- m>10  kev @95% CL faptor 2 because of additi.onlal
zbin and reduced uncertainties
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