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TARGET SELECTION (PHOTOMETRIC)
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Example:
Luminous red galaxies
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SPECTRAL ANALYSIS
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RR = Redrock
spectrum fitter

Mgll = Line
finder algorithm
(QSO exhibit
MglII broad line)

QN = neural
network-based
classifier (finding
lines)

Lyman-o, C iv, Cii, Mg ii, H a
and Hf3

QUASAR CATALOG

Starting with reduced and processed DESI spectra
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LYMAN-o CATALOG
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LYMAN-o BAO
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BAO RESULTS FROM LYMAN-

Lya BAO results at z.¢ = 2.33
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DESI| TARGETS
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THE BAO MEASUREMENTS
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THE BAO MEASUREMENTS

* Convert via template fit into BAO measurements
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THE BAO MEASUREMENTS

* Convert via template fit into BAO measurements

000 1

i) ==

0.9

LRGZ: {i. Ko
LRG3: B.7Ta

LRG3+ELG1: 1. 1a

ELG2: T.[
QS0: 4.2

- What kind of science can | do with this?

N '1
W I
‘| || | LRG2
N LRG3
WA EVEL LRG3+ELG1
.!l T T -
I ELG2
=20 =
= |\ QS0
= L) |
< | || . .
15 e 1 ] i
] " |II I|I P i
: : : —
el 1]
Ew N T . Pl H|||
> . e [ LOLEL I
S IR
1of 10 1 | |E|
— } . .EI .! i i / :|;
Y : ; i1 0
2 L4f ! I| |I
I RN # S
= Lof ", - \ :
= ~ -~ LY H j I|
i I P . L A
15 20 25 15 20 10 20 06 L0 1.4

Dy fra

Dy/frg

Dy jrg

Dy /Dy

z.g = 0.51 (LRG1), 0.71 (LRG2), 0.93 (LRG3). and 1.32 (ELG2).




BAO AND THE SOUND HORIZON

GENERAL IDEA:

Clustering is enhanced at the sound
horizon scale
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GENERAL IDEA:
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BAO AND THE SOUND HORIZON

GENERAL IDEA:

Clustering is enhanced at the sound
horizon scale

We measure it with telescopes

We only observe angles and redshifts

" Av=HAD |

We can go back to the sound horizon / Hubble’s law
A

(generalized)
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BAO AND THE SOUND HORIZON

GENERAL IDEA:

Clustering is enhanced at the sound
horizon scale

We measure it with telescopes

We only observe angles and redshifts

cAz:Av:Hr8|

We can go back to the sound horizon
/ |AY =1, /r4]

M r, Small-angle

I ; approximation




BAO AND THE SOUND HORIZON

GENERAL IDEA:

Clustering is enhanced at the sound
horizon scale

We measure it with telescopes

We only observe angles and redshifts

cAz = Av = Hr,|
We can go back to the sound horizon
/ |AY =71, /14l

> This introduces dependency on
cosmological distances




BAO AND THE SOUND HORIZON

GENERAL IDEA:

Clustering is enhanced at the sound
horizon scale

We measure it with telescopes

We only observe angles and redshifts

cAz = Av { Hy), |

.

We can go back to the sound horizon
N / e @

> This introduces dependency on
cosmological distances




BAO AND THE SOUND HORIZON

SUBSTITUTION
H(z) = HyFE(z)

Az = Hors - E(2)

TS HOTS

A =




BAO AND THE SOUND HORIZON

TWO MEASUREMENTS
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DESI| COSMOLOGY

* What can BAO only say about cosmology?

Q,. = 0.2975 & 0.0086 AAlready

provocative!




STATUS OF (2m TENSION

Emerging more and more as a new problem
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STATUS OF {2m TENSION

Emerging more and more as a new problem

> Might not seem like a big issue (~20)

> Actually becomes a big challenge to
understanding dark energy/gravity
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* What can BAO only say about cosmology?

Q,. = 0.2975 & 0.0086 AAlready
Q. = 0.025 =+ 0.041
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DESI| COSMOLOGY

* What can BAO only say about cosmology?

Q,. = 0.2975 & 0.0086 AAlready
Q. = 0.025 =+ 0.041
w = —0.916 £0.078  (-1.10)

provocative!
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DESI| COSMOLOGY

* What can BAO only say about cosmology?

Q,, = 0.2975+0.0086 AN
Q) = 0.025 + 0.041

w = —0.916 £ 0.078  (-1.10)
wo + w, unconstrained, BUT ©,, = 0.3527007% \\9}\

Something weird is going on with enough flexibility
— Highlight with different data
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BN DESI BAO
B CMB
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== DESI BAO + DESY5

2,, tension can be ‘relieved’ by
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Combined preference for w, < 0
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DESI| COSMOLOGY

* What can BAO only say about cosmology?

Q,, = 0.2975+0.0086 AN
Q) = 0.025 + 0.041

w = —0.916 £ 0.078 (-1.10)

wo + w, unconstrained, BUT ©,, = 0.3527007% @
(
\ /1

w, < Oresultsin (2, agreement
with supernovae la
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DESI| COSMOLOGY

* What can BAO only say about cosmology?
- Facts:
Tension with supernovae la/CMB in ACDM
Mirage direction preferred in CPL
— Extrapolations:
Thawing dark energy is detected )X

=> Too early to tell!

Necessarily a breakdown of ACDM )¢
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ENHANCING BAO

 BAO alone is nice, but there’s a lot more
information

- Combining with early universe data (BAO+BBN)
— Extracting other pieces of the galaxy power spectrum

— Going to other late universe data
* Weak lensing
* Galaxy properties
 (Transients)
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Gruber price cosmology 2025:
Ryan Cooke, Max Pettini — D/H measurement 65 old SDSS data
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New (legacy) SDSS data arXiv:2209.14330 — JCAP 11 (2022) 039

Nils Schoneberg, Licia Verde, Héctor Gil-Marin, Samuel Brieden
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GALAXY CLUSTERING INFORMATION

* This is currently all
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LYMAN-ALPHA FOREST

Lyman-Alpha Forest Animation with Weighted Cloud Distribution
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LYMAN-ALPHA FOREST

Lyman-Alpha Forest Animation with Weighted Cloud Distribution
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PRIYA simulations
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Absorption lines - T o Ty - (1+ 1)
cloud redshifts/cloud distribution >

cosmological parameters
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Absorption lines >
cloud redshifts/cloud distribution >

cosmological parameters
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Absorption lines >
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cosmological parameters
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Absorption lines >
cloud redshifts/cloud distribution >

cosmological parameters




LYMAN-ALPHA FOREST

Absorption lines >
cloud redshifts/cloud distribution >

cosmological parameters

— We need high-resolution Lyman-Alpha simulations
e.g. Nyx Lyssa simulations, 120cMpc boxes, 3 * 4096°

Very expensivel — We need emulation
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Leave-one-out tests

About 1% accuracy at most higher redshifts, lower
accuracy at lower redshifts, and at z2=3.6

. Hl yssa emulator
We Can get the ﬁduc:la'l O L;'&‘-:a c111|1|a:0r+{£1,,,_.h} prior
simulation back with S Planck 2018
nice error bars

Emulation error on transmission Pp (k) [%]
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Fitting non-Nyx simulations (old), just to see if

simulation suites match approximately

B 1yssa cmulator

BN Lyssa emulator +{€,. h} prior
Bl Tavlor emulator

B Planck 2018

- i -

03 0.5 8 10 41 235

65 70
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Fitting eBOSS data

— Large differences compared to
old emulator based on Taylor
approximation

Bl -BOSS data (Lyssa)
B BOSS data [z = 2.6] (Lyssa)
B -BOSS data (Taylor)
B Planck 2018
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eBOSS data (Lyssa)

eBOSS data (Lyssa+ {Q,, h} prior)

eBOSS data (Lyssa + prior on 7.g)

eBOSS data (Lyssa + prior on 7o + { Q. A} prior)

Fitting eBOSS data (

111

— Large differences compared to
old emulator based on Taylor

approximation 015
=< oul |

— Large differences caused by 013k

prior on optical depth. 012}

Interpretation of the results is

subject to assumptions on IGM < 10}

optical depth ﬂf | gl

65 70 013 0.5 810 51 2.3,

Hy [km/s/Mpc| Q,,h° Ay Nlya
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Fitting eBOSS data

— Large differences compared to
old emulator based on Taylor
approximation

— Large differences caused by
prior on optical depth.
Interpretation of the results is
subject to assumptions on IGM
optical depth

(bias mostly in amplitude, not
slope)

i\ Hl -BOSS data (Lyssa)
I T eBOSS data (Lyssa+ {€Q,,, h} prior)
BN eBOSS data (Lyssa + prior on 7ug)
T eBOSS data (Lyssa + prior on 7o + { Q. A} prior)
0.15
= 3
= 0.14}
o
S 0.13F .
0.12F
=1 10F
< |
—2.35F
;'-i
S o0}

0.15 810

Alya

65 70 0.13

Hy [km/s/Mpc| Q,,h°

Nya

501 —2.35
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Fitting eBOSS data

— Large differences compared to
old emulator based on Taylor
approximation

— Large differences caused by
prior on optical depth.
Interpretation of the results is
subject to assumptions on IGM
optical depth

(bias mostly in amplitude, not
slope)

— Further emulator tests will be
required in the future, especially
in the context of DESI data

eBOSS data (Lyssa)

111

0.15

ol r

= 0.4}
—-—

S 0.13)¢ .

0.12}

glﬂ’
<

(
eBOSS data (Lyssa+ {Q,, h} prior)
eBOSS data (Lyssa + prior on 7.g)
eBOSS data (Lyssa + prior on 7o + { Q. A} prior)
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SUMMARY

* BAO DESI

~ Interesting tension, don’t over-interpret results (vet)
~ Be careful about neutrino mass bounds

* BAO+BBN DESI

~ Uses D/H measurements to calibrate r;
~ Very precise HO values

* ShapeFit

~ Measures equality scale (Qwh?) > helps BAO+BBN
Lyman-Alpha

~ New results, but careful about IGM assumptions




BEYOND DESI

* Hubble tension theory models
* Local distance ladder
 CMB analytic description

* Accelerating cosmological inference
(CLASS, MontePython, sampling ideas (GPry))




