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Some Historical Context....

Radio Recombination Lines on Wikipedia now! (by me!)

Veff = 133.81 MHz
Nesf = 285

Tpeak = 1.0+ 0.2 x 1073
FWHM = 31.2 + 8.3 km/s
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https://en.wikipedia.org/wiki/Radio_Recombination_Lines

What are Radio
Recombination

Lines (RRL) and
how are they
produced?

Produced through the
recombination of
electrons with
Hydrogen in Hll
regions

Hydrogen Lines with
very high quantum
number (n>50)and
usually An =1

Electron cascades
down through energy
levels, emitting
photons



Earlier estimates
assume a ‘fixed’ EFENEREEET

optical depth

(r;=0.1)

Can use this as motivation to
explore optimistic
(pessimistic) experimental
contamination
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*This optical depthis a
significant overestimate

Petrovic & Oh 2011 z [Redshift]
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RRLs are individually weak, but in Intensity Mapping, this
signal can get stacked
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Power spectra (T= T, Zz21 = 2, BW = 0.05) "Stacking” RRLs
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And going back to the
animation...

we can see how each power
spectrum changes with more
contamination

Power Spectrum



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

Fl Xe d T Power spectra (t=0.1,2; = 0.2, BW =0.05)
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BW = 0.025 Power spectra (t=0.1,2;; = 0.2, BW=0.025)
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Power spectra (t=0.1,z,; =5,BW =0.025)
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BW — 0 ‘I Power spectra (T=0.1,z;; = 0.2, BW =0.1) Power spectra (T=0.1,2;; =2,BW =0.1)
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We can instead use g

Optical Depth Model (Normalized to Tt=0.1)

0.10 ° °
E e more physical optical
Shaver+ 1977
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Fixe d T Power spectra (T=0.1, 2,1 = 2, BW = 0.05)

Z=72
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Fixed T

Power spectra (t=0.1,2; = 0.2, BW =0.05)
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Power spectra (T = 1¢, 221 = 2, BW=0.025)

Atz =2, changing
bandwidth (BW)
influences how

many RRLs
contaminate the
signal

k [h Mpc~1|

—— 21cm auto
—— RRL auto
—— 21 xRRL
—— RRL x RRL

June 2, 2025

Power spectra (T = 1¢, 221 =2,BW=0.1)
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Power spectra (T = Tc, 2, = 0.2, BW = 0.025) Atz=0.2, ChOﬂgiﬂg Power spectra (= T, z1 = 0.2, BW = 0.1)
bandwidth (BW)
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signal — ziam o
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While this RRL strength
may seem slightly
worrying...
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Power spectra (T= ¢, z21 =1, BW = 0.025) At Z — 'Il Chaﬂglﬂg X Power spectra (t=t¢, 221 =1,BW=0.1)
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Power spectra (T = ¢, z21 =5, BW = 0.025) At Z — 5/ Chaﬂglﬂg Power spectra (T = t¢, 221 =5,BW=0.1)
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Conclusions and
Takeaways for LIM

[hank you!

Pip Petersen - University of Washington

8 speter/@uw.edu

O @piptersen
@ piptersen.github.io

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


https://piptersen.github.io/
https://github.com/piptersen
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In the simplest form, we can generalize the full expression as
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