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Line-Intensity Mapping: Ultimate Cosmology Probe

Tests of ACDM Cosmology (and beyond):

- A good figure-of-merit is: Npodes CMB N CMB

2 7
modes 4 ~10

max

(constraints scale as: 1/N/2 )

modes
1100
errll{)l\(/iles ™~ g?nax X NZ
oty S Potentially as (ridiculously) high as 10'°...
alaxy Surveys
/ / In practice limited by:
* sky coverage ( foy << 100%)
0 e foregrounds (continuum + interlopers)
—— Nygurces > 108 (Euclid, LSST?) <

« astrophysics/cosmology degeneracy



Galactic Emission Lines




Galactic Emission Lines

Structure evolution
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. Structure evolution
Spectrum of a typical galaxy:

Bernal and Kovetz, arXiv:2206.15377, The Astronomy and Astrophysics Review



Galactic Emission Lines

Tracers of the star-formation rate: Y
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From various recent LIM white papers and reviews:
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Astrophysics: Cosmology:

« Reionization: bubble sizes, ionized fraction, duration  Inflation (running, non-gaussianity, oscillations, CIP, etc.)

« Star formation rate (history, peak rise/fall, Pop lll stars) Dark matter (clustering, decaying, annihilating, interacting)

« Metallicity history e Expansion rate history (BAO, VAO)

« AGN feedback « Dark energy (c.c. or dynamical? wa/wO0, etc.)

e Molecular gas density e Neutrinos (sum of masses, hierarchy, decay)

« |GM density, evolution, clustering « Optical depth to Reionization (SFR, degeneracies, etc.)
« Faint end of luminosity function « Modified gravity

One’s signal is another’s foreground
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Clustering-based redshifts:

Credit: Yi-Kuan Chiang

Binning improves constraints, e.g.:

With SKA galaxies:
o(fnL) S O(1)

Kovetz, Rahman and Raccanelli, MNRAS 468 (2017)
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Clustering-based redshifts:

Credit: Yi-Kuan Chiang

Binning improves constraints!

ULTRASAT? o(fnyp) =7 o(wy,wy) ="

For very preliminary estimates, see:
Libanore and Kovetz, ULTRASAT WG4 White Paper
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Basic formalism: power spectrum of line-intensity fluctuations

Pine(k, 2) = b*(2) Py, (k, 2)

1

Galaxies are
biased tracers
of dark matter
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Pline(k, 2) = (ltine(2))°b" (2) P (K, 2)

1

Convert from
galaxy spectrum
to line spectrum
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1

We measure emission
from discrete sources
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Basic formalism: power spectrum of line-intensity fluctuations

Pline(ka Z) — <]line(z)>2b2(Z)Pm(ka Z) = Pshot(z)
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arXiv:1709.09066
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The power spectrum contains all of the information in a map if and only if the map is Gaussian
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Why go beyond the power spectrum?
The power spectrum contains all of the information in a map if and only if the map is Gaussian

An alternative to the power spectrum is the Voxel Intensity Distribution (= the histogram):
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Power spectrum probes only large scales (determined by experimental resolution).

VID sensitive to small scales (through integrated signal from all the faint sources).




ULTRASAT Full-Sky Map: Specific Applications

Cosmic expansion history:

Dark energy equation of state:

w(a) = wy+w, (1 —a)

Local non-gaussianity:
©(10)

6(1000)

©(100)

O(1)

6(100)

©(10)
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Dark matter decay:

X——77Y
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Questions? Ideas?

Ely D. Kovetz & Sarah Libanore

Ben-Gurion University

ULTRASAT WIS Workshop, Jul 2023



