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1. Introduction to BAO/Ly-a forests
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The BAO 1s used as the standard ruler to measure the expansion of the universe,
and furthermore, constraint dark energy models.

The measurement of BAO:
A peak 1n the two point correlation function (2PCF) of matter tracers, such as
Lyman-alpha forests.



Baryon Acoustic Oscillations (BAO)
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Animation credit: Daniel Eisenstein



https://lweb.cfa.harvard.edu/~deisenst/acousticpeak/acoustic_anim.html

Baryon Acoustic Oscillations (BAO)
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Baryon Acoustic Oscillations (BAO)
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Baryon Acoustic Oscillations (BAO)
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Dark Energy wi

wCDM model:

w(a) = wy + w,(1 — a)

* Agrees with ACDM
model

* Consistent with
cosmological constant
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30 million galaxies and quasars
14,000 square degrees
5,000 robotic positioners.

Mayall 4m Telescope Kitt Peak (Tucson, AZ)

04/2021 ~ 1%survey

17/05/2021 ~ Start of the 5 year science survey

12/2021 ~ 15% survey



Quasars

* The most luminous objects in the universe

* Supermassive black holes
e Accretion disks of matter
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Quasar spectrum from DESI.



The Lyman-alpha forest
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https://www.youtube.com/watch?v=6Bn7Ka0Tjjw
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The Lyman-alpha forest :

The Lyman-alpha forest

* QSO continuum: unabsorbed spectrum.
* Transmitted flux field: flux/continuum.
* Trace the density fluctuations and velocity-gradient fluctuations.

20+

15}

|

200

410

420

430 440 450
A [nm]

Thesis: Julianna Stermer

460

270

480

Transmitted flux fraction:

£, Observed flux

F,(X)
AR
Quasar continuum
Flux delta field: s~ 20— _ M
ux delta field: §5(z) z G F 1



The Lyman-a auto-Correlation function
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The Lyman-a auto-Correlation function

\ DR16 auto-correlation: 0.5 <u <0.95
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g=% Bad fitting for 25<r<75: HCDs?




High Column Density Systems (HCDs)

e NHI column density of a gas concentration:

High Column Density Systems (HCDs): N > 1017 / cm?
Damped Lyman-a Systems (DLAs): N > 1020 / cm? 40
351

e HCD absorption parametrized with Voigt profile

3
n
1

e Voigt profile = Gaussian ® Lorentzian
Gaussian: thermal Doppler broadening
Lorentzian: cross-section
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HCD eftect on the correlation function
No HCDs Add HCDs  Masked DL As
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e DL As are detectable and can be masked.
* Smaller HCDs are not detectable but they still
affect the correlation function.



HCD eftect on the correlation function
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2. Modeling of HCDs



Model Introduction

Modeling of Ly-a power spectrum:

Prya(k) = Por(k) Dy r(k)by,q(1+ Bryat’)’

7 N T

Quasi-linear power Non-linear effect =~ Amplitude  Redshift space
spectrum distortion
HCD model: b, = biya + bucoFren(ky)

by yoPrye = DLyaPLya + bucpPucpF uep (k)
Fyep (ky) = exp(—Lacp * k)

No physical explanation for Lyqp and bycp!



Model Introduction
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The cross power spectrum of HCDs x Ly-a:
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Model Introduction

Lya auto-power spectrum: P, (k) = b2 (1 + Bupi?)?PL(k)Dyio (k)
!

Non-linear effects

HCD auto-power spectrum:  Pe (k) = b4 (1 + Bupl)? Py (k) Fa (k)

P"f}r QP'(-I +p
Total flux power spectrum:  Pepou(k) = — +(1 ;(.:;2 EH

= b"%(1 + B'ui)*P.(k)

p = SeADNtal i) gr . Pofor/ RGMOMMBIRA, 30d O = (G (F) Gru())
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Model Validation

Two types of 10-mocks, input byp=2.0:
« HCDs with the same n=19.5, 20, 20.5, 21.

* A distribution of HCDs with/without the large DLAs (n>20.3).

Prediction and constraints of bycp
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Model Validation

Prediction and constraints of bycp * Buco
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Fits for Lya auto-

correlation function:

* Voigt model gives
good fitting for
different mocks

Model Validation
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—— voigt model —— Exp model, LYa x LYa  —— Exp model, LYa x QSO

Model Comparison

Fueo
o o

Ficp (ki) = exp(—Lycp * k)

* In DR16: Lyj-p=10
* Best fit: Lyp=3
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Conclusion

Detection of BAO:
e (Correlation function of different tracers.
* Constraints on Dark Energy models.

Modeling of HCDs:

* Voigt model gives accurate physical measurement of
brcp and Pycp.

* Voigt model gives good fitting for the Lya
correlation functions.



Thank you!



