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Some Historical Context….
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1914
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Radio Recombination Lines on Wikipedia now! (by me!)

Bohr Atom

1945

Stark Broadening too 

strong

1947

Too small 
intensity

1959

Math errors 
corrected

1964

First RRL 
Observed

2019

First Cosmological 

RRL Observed

(z = 1.124)

Emig+ 2019

(n > 50)

Pip Petersen - University of Washington

https://en.wikipedia.org/wiki/Radio_Recombination_Lines


What are Radio 
Recombination 
Lines (RRL) and 

how are they 
produced?

Hydrogen Lines with 
very high quantum 
number (n > 50) and 
usually Δn = 1 
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Produced through the 
recombination of 
electrons with 
Hydrogen in HII 
regions

Electron cascades 
down through energy 
levels, emitting 
photons

Pip Petersen - University of Washington



Earlier estimates 
assume a ‘fixed’ 
optical depth 

(τL=0.1)* 
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*This optical depth is a 
significant overestimate

Can use this as motivation to 
explore optimistic 

(pessimistic) experimental 
contamination

Petrovic & Oh 2011

Pip Petersen - University of Washington
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RRLs are individually weak, but in Intensity Mapping, this 
signal can get stacked
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“Stacking” RRLs 
result in 3 

different power 
spectra

● RRL Auto-Power 
Spectra

● 21cm x RRL 
Cross-Power Spectra

● RRL1 x RRL2 
Cross-Power Spectra

Pip Petersen - University of Washington
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And going back to the 
animation…

 we can see how each power 
spectrum changes with more 

contamination

Pip Petersen - University of Washington

http://drive.google.com/file/d/1HYEEO-_96yVysmktdLK-EO8qOLMo4EwM/view
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z = 0.2

z = 5

z = 2

z = 1
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Fixed τ 
Model 

Pip Petersen - University of Washington
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z = 0.2

z = 5

z = 2

z = 1
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BW = 0.025

Pip Petersen - University of Washington
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z = 0.2

z = 5

z = 2

z = 1
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BW = 0.1

Pip Petersen - University of Washington
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We can instead use a 
more physical optical 

depth (τ) model

And normalize to RRL observations

Pip Petersen - University of Washington
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z = 2

Fixed τ

z = 5
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‘Physical’ τ

Pip Petersen - University of Washington
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z = 0.2

Fixed τ

z = 1
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Model τ

Pip Petersen - University of Washington
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At z = 2, changing 
bandwidth (BW) 
influences how 

many RRLs 
contaminate the 

signal 

BW = z21 obs ± 0.025 BW = z21 obs ± 0.1

BW = z21 obs ± 0.05
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At z = 0.2, changing 
bandwidth (BW) 
influences how 

many RRLs 
contaminate the 

signal 

BW = zobs ± 0.025 BW = zobs ± 0.1

BW = zobs ± 0.05

While this RRL strength 
may seem slightly 
worrying…
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At z = 1, changing 
bandwidth (BW) 
influences how 

many RRLs 
contaminate the 

signal 

BW = zobs ± 0.025 BW = zobs ± 0.1

BW = zobs ± 0.05

While this RRL strength 
may seem slightly 
worrying…
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At z = 5, changing 
bandwidth (BW) 
influences how 

many RRLs 
contaminate the 

signal 

BW = zobs ± 0.025 BW = zobs ± 0.1

BW = zobs ± 0.05

While this RRL strength 
may seem slightly 
worrying…
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RRL power spectra 
residuals 
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Want to measure 10% BAO 
to 1% accuracy

BW = 0.05

Pip Petersen - University of Washington

Oscillations at 0.1 level can shift 
BAO peak and so incorrect 

angular distances



Conclusions and 
Takeaways for LIM

● RRLs are an important contaminant 
for precision cosmology in Intensity 
Mapping

● Cross-power spectra from RRLs 
introduce ringing effects that may 
impact estimates from BAO

● Current optical depth models for 
RRLs predict significant 
contamination in the 21cm Power 
Spectrum

● Next steps: Improve physical optical 
depth model across redshift

19piptersen.github.io

@piptersen

speter7@uw.edu

Thank you!
Pip Petersen - University of Washington

https://piptersen.github.io/
https://github.com/piptersen
mailto:speter7@uw.edu
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