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Lensed vs. Unlensed CMB

Figures from Anthony Lewis
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Small Scale CMB — Large Scale 0,

Lensed
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Using lensing estimators, one can use the

small scale information from the CMB

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

d X K

— —

K(0) = /OXS W (X, Xs)0om (X0, x)dx

b

lensing kernel ~ matter density
LOS integral field
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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
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What if?

What if | want to study the matter density field just from ~5 <z < 11007
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LIM-Nulling Convergence
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LIM-Nulling Convergence
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Maniyar et al. 2022 Estimator

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.

Rnull = Kyz T @Ry, — (1 + a)KX1

1 —1
0 — /XS /X2

1/x1 = 1/xz
2000 4000 6000 8000
x[Mpc/h]
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Maniyar et al. 2022 Estimator

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.

Rnull = Kyz T @Ry, — (1 + a)KX1

L —1/xe
1/x1—1/x2

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

4000 6000 8000
x[Mpc/h]

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

Cn (EH98)

11.

e The nulling kernel is sharply peaked near

Znull.

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

4000 6000
[Mpc/h]

Measuring the acoustic peak in the CMB x o Comr (EHO8)

LIM_nu”rnn enarntriim ran ha 11icad ae A nrawvyy

ormea We set out to forecast constraints on BAO measurements in

- The the CMB x LIM-nulling convergence spectrum.

Z il

- The matter density field is weighted most
heavily near this redshift.
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Constraining BAO with
CMB x LIM-Nulling Convergence

e \We build a mock data set of C;cr5nut
with nulling being performed at z = 5.

e We independently parameterise the the BAO —

portion of the matter power spectrum in our Py (EH98)
model, and fit for the wiggles.

Pmodel(ka Z) — in(k, Z) + APBAO(k — aJ_kla Z)
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Constraining BAO with
CMB x LIM-Nulling Convergence

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.

k— k/a

—— Pin
Pow (EH98)

_ Do)y H ()
DA( ) fid
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Constraining BAO with
CMB x LIM-Nulling Convergence

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.
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Observing Scenarios

Lya [CII] Interlopers CMB f
max
Moderate SPHEREX CONCERTO Ha, CO 10% SO 5000
resid.
Optimistic CDIM CONCERTO x | Ha, CO 10% CMBS4 5000
10 resid.
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Results

A o

best fit o0.a% best fit 0.a%
Moderate 5.127505 59.6  0.9710:0% 7.2
Optimistic 1.677032 31.1  0.9979:9> 4.0

.50
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The Bigger Picture

Current Observations
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Current Observations
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Forecast
—$— CMB x LIM-Nulling (This work)
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High-z BAO Forecasts

Forecast
—$— CMB x LIM-Nulling (This work)
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High-z BAO Forecasts

Forecast

—$— CMB x LIM-Nulling (This work)

—$— SPHEREx Ha (Bernal+ 2019)
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High-z BAO Forecasts

Forecast
—$— CMB x LIM-Nulling (This work)

—$— SPHEREx Ha (Bernal+ 2019)
—b— SPHEREx Lya (Bernal+ 2019)
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High-z BAO Forecasts

Forecast

—$— CMB x LIM-Nulling (This work)

—$— SPHEREx Ha (Bernal+ 2019)
—b— SPHEREx Lya (Bernal+ 2019)
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High-z BAO Forecasts

Forecast

—$— CMB x LIM-Nulling (This work)
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LIM vs CMB Probe of BAO
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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

e The CMB x LIM-nulling convergence cross spectrum reveals BAO features which are a proxy for
BAO features fromz~z_ .

e Using a single pair of LIM frequency channels, this feature can be used to measure the high-z
BAO scale to

o 7.2% with upcoming experiments
o 4% with next generation experiments
e Like LIMs, this is a technique that can be used over a wide redshift range, 2 <z < ~14

e 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

—  (CXcMBKnull
4

— Ny, Optimistic
—— N,, Moderate
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Maniyar et al. 2022 Estimator

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.

Wnull — Wxg + OéWX2 i (1 + Oé)WX1
o Yxs—1/x
1/x1 —1/x2
You can then compute the CMB x LIM-nulling

convergence spectrum which is essentially the
low-redshift nulled matter power spectrum.

xXcMB 1/9
ClIiCMBlinu” — / WnulgCMB Pm (k. — %7 Z(X)) dX
0
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Dark Ages, !
Cosmic Dawn,
Reionization

NN UNull 2>5
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