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The Lyman-a forest
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Video credit: Andrew Pontzen


https://www.youtube.com/watch?v=6Bn7Ka0Tjjw

The flux delta field
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The story so far (BOSS/eBOSS)

» BAO: measured using a template
where we separate the peak
(wiggles) and smooth (no-wiggles)
components.

Two-point statistics Compressed information
» Full-shape: fit the full shape of the
correlation to measure cosmology.

Lya x Lya (zgff ~ 2.3) /Qa BAO
Ly-o x QSO (Zgff ~ 2.3) Most commonly through redshift
space distortions (RSD) and the
Alcock-Paczynski (AP) effect.
QSO BAO
» Backin 1999, Hui et al. (1999) and
QSO x QSO (zff ~ 1.5) McDonald et al. (1999) proposed to
- measure the Alcock-Paczynski
QSO full shape effect using the Lya forest.
(BAO + AP + RSD)
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The Alcock-Paczynski (AP) effect

» We assume a fiducial cosmology to transform the angles and redshifts we measure (460, 4z)
into comoving distances (ry, 7).

» |If the fiducial cosmology is different from the true cosmology, this will produce an anisotropy
in the measured 3D correlation function.

» Two scale parameters (g, q, ) are generally used to capture this information by rescaling the
coordinates of the template:

rp=qry and = q,7;
» A measurement of the ratio q;;/q, corresponds to a measurement of the AP parameter:

F(z) = w_

» For our analysis, we first redefined these parameters to isolate the AP effect:

¢ = L anda = NCICT
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Rescaling the peak component
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Rescaling the smooth component
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Rescaling the full shape
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Correlations from 100 eBOSS mocks
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Analysis validation using mocks

Results from analysis of 100 eBOSS mocks

= BAO peak only (¢p) = = Full shape (¢y)
= Smooth component only (¢s)

* We used 100 eBOSS DR16
log-normal mocks to validate
our analysis

P(¢|Estack)

* These mocks include all the
major contaminants affecting
Lya forest correlations

0.990 0.995 1.000 1.005 1.010
¢ ~ Dun/Dy(2)



Lya BAO from eBOSS

* This is the Lya BAO Results from eBOSS DR16 data
measurement from eBOSS DR16 T o peony TR e
* We performed a blind analysis to ~
measure AP from the full-shape g
%
&
* We tested different modelling
choices to confirm the
robustness of the result 03 5 o —

 ~ Du/Dy(2)



Lya full-shape from eBOSS

_ Results from eBOSS DR16 data
* FI rSt eve r Cosm O | Ogy = BAQO peak only (eBOSS result) == = Full shape (this work)

measu rement from the fu”_ = Smooth component only (this work)
shape of Lya correlations

* The AP constraint from the %
full-shape gives a factor of 2 =
improvement over the BAO =
constraint
0.8 0.9 1.0 1.1
¢ ~ Dm/Dp(2)

Cuceu et al. (in prep)



Implications for cosmology

Results in flat ACDM
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Implications for cosmology

Resulis in flat ACDM
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Implications for cosmology

Results in flat ACDM
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Measuring the Hubble constant

Results in flat ACDM Combined with BBN
B Lya BAO B eBOSS galaxies full-shape
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Dark energy and curvature

Measuring dark energy Measuring curvature
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Next steps

» We already have Lya forest correlations from DESI that are as precise
as those from all of BOSS + eBOSS

» The main focus is now to understand the data and be able to simulate
it accurately in mocks

» Simplistic mocks were the main limitation in this study

» Areas of improvement: effect of redshift errors, modelling of metals
and DLAs, modelling of non-linear effects in the cross-correlation,



Looking towards DESI
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