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The image part with relationship ID rId2 was not found in the file.Pick a spectral 
line

Map large-
scale intensity 
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νobs↔ z

Line intensity 
traces galaxy 

structure
Li et al. 2016, ApJ, 817,169
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Formalism

Breysse, P. C., Kovetz, E. D., & Kamionkowski, M. 2014, MNRAS, 443, 3506
Breysse, P. C., Kovetz, E. D., & Kamionkowski, M. 2016, MNRAS Lett., 457, L127

Breysse,  P.C., Kovetz, E. D., Behroozi, P. S., Dai, L., Kamionkowski, M.,2016, arXiv:1609.01728



𝑃 𝑘, 𝑧 =



𝑃 𝑘, 𝑧 = 𝑃& 𝑘, 𝑧

Galaxies trace underlying 
dark matter distribution



𝑏( 𝑧 	𝑃& 𝑘, 𝑧𝑃 𝑘, 𝑧 =

Galaxies are a biased 
tracer



𝑃 𝑘, 𝑧 = 𝑇 ((𝑧)	𝑏( 𝑧 	𝑃& 𝑘, 𝑧

Convert galaxy spectrum 
to intensity spectrum



𝑃 𝑘, 𝑧 = 𝑇 ((𝑧)𝑏( 𝑧 	𝑃& 𝑘, 𝑧 + 𝑃shot(𝑧)

Poisson noise due to 
discrete emission



𝑃 𝑘, 𝑧 = 𝑇 ((𝑧)𝑏( 𝑧 	𝑃& 𝑘, 𝑧 + 𝑃shot(𝑧)

𝑇 (𝑧) ∝ 3𝐿
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𝑃shot(𝑧) ∝ 3𝐿
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Line luminosity function
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Shot Noise

𝑇 (𝑧) ∝ 3𝐿
𝑑𝑛(𝑧)
𝑑𝐿 𝑑𝐿



Problem:
The power spectrum contains all of the 

information in a map if and only if the map is 
Gaussian







Solution: One-Point Statistics



𝒫 𝑇

Probability of observing T 
in a given voxel

Breysse,  P.C., Kovetz, E. D., Behroozi, P. S., Dai, L., Kamionkowski, M.,2016, arXiv:1609.01728



𝒫 𝑇 = 8 	𝒫9(𝑇)	
:

9;<
Probability of observing T 

in a voxel containing 
exactly N sources

Breysse,  P.C., Kovetz, E. D., Behroozi, P. S., Dai, L., Kamionkowski, M.,2016, arXiv:1609.01728



𝒫 𝑇 = 8 	𝒫9(𝑇)𝒫(𝑁)
:

9;<
Probability of a voxel to 

contain exactly N sources

Breysse,  P.C., Kovetz, E. D., Behroozi, P. S., Dai, L., Kamionkowski, M.,2016, arXiv:1609.01728



𝒫 𝑇 = 8 	𝒫9(𝑇)𝒫(𝑁)
:

9;<

𝒫9 𝑇 ⟸
𝑑𝑛
𝑑𝐿

Computed from luminosity function

Breysse,  P.C., Kovetz, E. D., Behroozi, P. S., Dai, L., Kamionkowski, M.,2016, arXiv:1609.01728



𝒫 𝑇 = 8 	𝒫9(𝑇)𝒫(𝑁)
:

9;<

𝒫9 𝑇 ⟸
𝑑𝑛
𝑑𝐿

Computed from luminosity function

𝒫 𝑁 ⟸ 3𝑃& 𝑘 𝑑𝑘 Related to integrals of power spectrum

Breysse,  P.C., Kovetz, E. D., Behroozi, P. S., Dai, L., Kamionkowski, M.,2016, arXiv:1609.01728





Only 1 source/voxel



detailed clustering

detailed luminosity function



Example: CO Intensity Mapping
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2016
(COPSS)

Keating, G. K. et al., 2016, arXiv:1605.03971



~2020
(COMAP)

Power Spectrum Constraints

Breysse,  P.C., Kovetz, E. D., Behroozi, P. S., Dai, L., Kamionkowski, M.,2016, arXiv:1609.01728



~2020
(COMAP)

VID Constraints

Breysse,  P.C., Kovetz, E. D., Behroozi, P. S., Dai, L., Kamionkowski, M.,2016, arXiv:1609.01728



Cosmic Star Formation History



Kistler et al. 2009, ApJ 705, L104;  Madau & Dickinson 2014, ARA&A, 52, 415



Breysse et al., 2016, MNRAS 457, L127;   Kistler et al. 2009, ApJ 705, L104;  Madau & Dickinson 2014, ARA&A, 52, 415



Breysse et al., 2016, MNRAS 457, L127;   Kistler et al. 2009, ApJ 705, L104;  Madau & Dickinson 2014, ARA&A, 52, 415
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Multiple

Breysse, P. C., Kovetz, E. D., & Kamionkowski, M. 2015, MNRAS, 452, 3408
Breysse, P. C., Rahman M., 2016, arXiv:1606.07820



Juan R. Pardo et al. 2007 ApJ661 250



Gong, Y., Silva, M., Cooray, A.,\& Santos, M.~G. 2014, ApJ, 785, 72 



Breysse, P. C., Kovetz, E. D., & Kamionkowski, M. 2015, MNRAS, 452, 3408

Unmasked

Masked





Juan R. Pardo et al. 2007 ApJ661 250



Breysse, P. C., Rahman M., 2016, arXiv:1606.07820



𝑃B,( 𝑘 = 𝑇B 𝑇( 	𝑏B𝑏(𝑃& 𝑘 + 𝑃B,(,CDEF
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Breysse, P. C., Rahman M., 2016, arXiv:1606.07820
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Breysse, P. C., Rahman M., 2016, arXiv:1606.07820
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Original image credit: Loeb, 2006, Scientific American
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Original image credit: Loeb, 2006, Scientific American
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Original image credit: Loeb, 2006, Scientific American
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Original image credit: Loeb, 2006, Scientific American
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Original image credit: Loeb, 2006, Scientific American
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Original image credit: Loeb, 2006, Scientific American
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Original image credit: Loeb, 2006, Scientific American
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