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Astrophysics

 Luminosity—SFR relation
- SFR evolution
- Dependance on metallicity

Theoretical Modeling

Nonlinear Matter and Biasing in Real-Space

Halo—SFR
relation

Cosmology

- Halo—CDM biasing relation
- RSD

* Dark Matter, Biasing, and RSD

* Luminosity—SFR relation
* SFR (Behroozi et al. 2013)

* CO (Kamenetzky et al. 2016; Kennicutt 1998)
* ClI (Silva et al. 2015)

* Dependence of luminosity on the
environment and galaxy properties:
(not accounted for)



Halo Model of Line Power Spectrum

* Observed Power Spectrum
Pjine (ky z) = Paust(k, 2) + Py (K, 2) + Pr(k, 2)

line

Pigt (k,2) = | Bi% (k, 2) — lim BI% (k, 2)| + P25 (k, 2) + P (k, 2) + P (k, 2)

ine ine ine

Moradinezhad, Nikakhtar, Keating, Castorina (arXiv: 2111.03717)
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Halo Model of Line Power Spectrum

* Observed Power Spectrum
Pﬁgg (k, 2) = Poust(k, 2) + Py (k, 2) + Pn(k, 2)

Pt (k, 2) = lee( 2) — lim BI% (k, 2) | + B (k 2) + BE(k, 2) + Py (k, 2

me

Moradinezhad, Nikakhtar, Keating, Castorina (arXiv: 2111.03717)



Halo Model of Line Power Spectrum

* Observed Power Spectrum
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Effective Field Theory of LSS + Halo Model

Eulerian renormalized biased expansion

8y (%) = b16(x) + bg2sV28(x) b2

2
b.
- 08 (%) + bg,Gs (%) + big,6 G2 (x)d(x) + br,Ts(x)

6% (x) + bg,Ga(x)

(Desjacques, Jeong, Schmidt 2016) Large-Scale Galaxy Bias review

* EFT counter-term: Impact of small-scale stress-tensor on large-scale fluctuations .. carrascoetal. 2012)

* Infrared Resummation: Damping of BAO due to large bulk flows (e.g Blasetat. 2010)
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Effective Field Theory of LSS + Halo Model

Eulerian renormalized biased expansion

by
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Effective Field Theory of LSS + Halo Model

Eulerian renormalized biased expansion

by
07 (%) = b1(x) + byes V() - 22 0% (x) + bg,Ga(x)
b,
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Stochasticity Beyond the Poisson Limit

* Deviations from Poisson shot-noise due to halo exclusion and nonlinear clustering

Hamaus et al (2011), Baldauf et al (2013), Guinzburg et al (2017)

€line (ka Z) — 5line (ka Z) — Tline (Z)bline (2)5(k7 Z)

Pim(k, 2) = lim Bi% (k, 2) — 2Thne (2)055° () P, (k. 2)
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Simulation Specifications

* FastPM halo catalog form Hidden Valley simulation suites (Modi et al. 2019)

* 102405 particlesin abox of side 1 Gpc/h

* Snapshotsinredshifts 0.5 — 6]
e Massresolution: M,,;, = 8.57 x 10"h™ 1 M,

COY/CII galaxies are painted according to models of line luminosity

100h~'Mpc ¥ 10h 'Mpc 10h~'Mpc

Moradinezhad, Nikakhtar, Keating, Castorina (arXiv: 2111.03717)



Mithra” Line Intensity Mapping Simulations
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* CO (Kamenetzky et al. 2016; Kennicutt 1998)

* CII (Silva et al. 2015)
* Mithra, also spelled Mithras, or Mitra, in ancient Persian mythology is the god of light.



Mithra Line Intensity Mapping Simulations

Dark Matter — z=4.5
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[.ine Power Spectrum

* Modelfits the data by better than 5% (fitting a single parameter)
* Non-linear biasing is crucial (in particular at high redshift)
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[.ine Power Spectrum

* Modelfits the data by better than 5% (fitting a single parameter)
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Stochasticity Beyond the Poisson Limit
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BAO Signature

* Non-linear damping of oscillations

* Detection possibility?
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1.3

1.1

P(k)/Py(k) + oflset

0.9

BAO Signature

* Non-linear damping of oscillations

* Detection possibility?
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BAO Signature

* Non-linear damping of oscillations

* Detection possibility?
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Summary

Cosmological simulations of CO and [ CII] intensity fluctuations

Model fits the data by better than 5%
Non-linear biasing is crucial

Non-linear damping of oscillations

'Thank you!

farnik@sas.upenn.edu



