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     Small Scale CMB → Large Scale 
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     Small Scale CMB → Large Scale 

Using lensing estimators, one can use the 
small scale information from the CMB 
estimate the deflection angle, d, of photons. 

Lensed
Unlensed

By studying the statistical artifacts on small scales 

induced by the deflection of photons, one can study 

the total large scale matter distribution along the line of sight
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The CMB Convergence Spectrum
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Limitations of CMB Convergence

z = 1

z = 15
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What if?

What if I want to study the matter density field just from ~5 < z < 1100?
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LIM-Nulling Convergence 
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Plot: Maniyar+ 2022

Maniyar et al. 2022 Estimator
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Using a linear combination of LIM and CMB observations one can construct an 
estimator that nulls out the low redshift contribution to the CMB convergence.
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Using a linear combination of LIM and CMB observations one can construct an 
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Plot: Maniyar+ 2022

Maniyar et al. 2022 Estimator

H. Fronenberg
hannah.fronenberg@mail.mcgill.ca

To study the statistic of the high-z universe, one 
can compute the CMB x LIM-nulling converge 
spectrum,                 .
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Revealing BAO with 
CMB x LIM-Nulling Convergence
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Revealing BAO with 
CMB x LIM-Nulling Convergence

Measuring the acoustic peak in the CMB x 
LIM-nulling spectrum can be used as a proxy 
for measuring the BAO scale at z ~ znull.

● The nulling kernel is sharply peaked near 
znull.

● The angular scale of BAOs evolves more 
slowly at high-z  
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Revealing BAO with 
CMB x LIM-Nulling Convergence

Measuring the acoustic peak in the CMB x 
LIM-nulling spectrum can be used as a proxy 
for measuring the BAO scale at z ~ znull

- The nulling kernel is sharply peaked near 
znull

- The matter density field is weighted most 
heavily near this redshift. 

We set out to forecast constraints on BAO measurements in 

the CMB x LIM-nulling convergence spectrum.
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Constraining BAO with 
CMB x LIM-Nulling Convergence

● We build a mock data set of                
with nulling being performed at z = 5.

● We independently parameterise the the BAO 
portion of the matter power spectrum in our 
model, and fit for the wiggles. 
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We perform an Alcock-Paczynski test on mock CMB x 
LIM-nulling convergence spectra in order to make use of 
the BAO wiggle as a standard ruler.

Constraining BAO with 
CMB x LIM-Nulling Convergence
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We perform an Alcock-Paczynski test on mock CMB x 
LIM-nulling convergence spectra in order to make use of 
the BAO wiggle as a standard ruler.

Constraining BAO with 
CMB x LIM-Nulling Convergence

13



H. Fronenberg
hannah.fronenberg@mail.mcgill.ca

Observing Scenarios

Ly𝞪 [CII] Interlopers CMB ℓmax

Moderate SPHEREx CONCERTO H𝞪, CO 10% 
resid. 

SO 5000

Optimistic CDIM CONCERTO x 
10

H𝞪, CO 10% 
resid.

CMBS4 5000
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Results
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The Bigger Picture
Current Observations
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The Bigger Picture
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Forecast
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High-z BAO Forecasts
Forecast

LIM-nulling possible
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LIM vs CMB Probe of BAO
LIM-nulling possible

CMB Lensing 
LIM 
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These can be improved

By making use of the fine spectral resolution of LIMs, the SNR of the CMB x 

LIM-nulling estimator can be greatly improved. 
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Summary
● The CMB x LIM-nulling convergence cross spectrum reveals BAO features which are a proxy for 

BAO features from z ~ znull.

● Using a single pair of LIM frequency channels, this feature can be used to measure the high-z 
BAO scale to 
○ 7.2% with upcoming experiments
○ 4% with next generation experiments

● Like LIMs, this is a technique that can be used over a wide redshift range, 2 < z < ~14
● This technique allows you to tomographically measure the BAO scale solely using CMB 

information which can complement other high-z BAO measurements from LIMs and galaxy 
surveys.

HF+ 2023a: BAO tomography (May 2023)

HF+ 2023b: Fisher Forecast + Power Spectrum PCA analyses (May 2023) 
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Noise Curves
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Using a linear combination of LIM and CMB 
observations you can construct an estimator that 
nulls out the low redshift contribution to the 
convergence spectrum.

Plot: Maniyar+ 2022

Maniyar et al. 2022 Estimator
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You can then compute the CMB x LIM-nulling 
convergence spectrum which is essentially the 
low-redshift nulled matter power spectrum. 
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