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* Line-intensity maps potentially a powerful probe of EoR: Fig. credit: Adam Lidz

* e.g., 21cm, CO, Lyman-a
* Information about galaxy evolution, reionization, and cosmology

e Measures cumulative emission from ALL sources

* Potential obstacle: residual astrophysical foregrounds (e.g., galactic synchrotron
emission in the case of 21cm or interloper galaxies for other IM lines)
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Lyman-alpha signal at z=8, J H-alpha foreground signal at
~1100 nm

[ Galaxies at z=8 J [ z=0.66, ~1100 nm

* Potential foreground solution = cross-correlation w/
galaxies

* Galaxies at same z correlate with IM, but spurious
foregrounds do not

* Thus, can be used to target signal or confirm
autocorrelation detection



Role of James Webb Space Telescope

Lyman-alpha Intensity Map log(s/3) JWST Pencil-Beam Galaxy Survey
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* Pro: JWST sensitive to high-redshift galaxies (want galaxy redshifts to match IM
spectral resolutions)

e Con: small field of view, ~3’ versus degrees for intensity mapping

* Will it be possible to measure the cross power with sparse JWST pointings? For
fixed time, optimal configuration of pointings?
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Sensitivity to Cross-Power Spectrum Formalism

Lyman-alpha Intensity Map

* We want to know error on cross-power spectrum with

following data

* Intensity mapping/21cm Fourier modes

* Overdensity of galaxies in each pencil beam as a function of redshift
* Data vector: d = {8(k1), 81py (k2), 81y (k3) ... 841,842, 843 .. }
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* However, this is NOT the equation
we want since we ONLY want to
use info in cross-correlation
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JWST Pencil-Beam Galaxy Survey
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Sensitivity to Cross-Power Spectrum Formalism

Lyman-alpha Intensity Map

 Need info from cross correlation only

e Can adapt work from cross correlation in CMB
(Vanneste et al. 2018):
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* Requires computing covariances for pencil-beam data set
(superscript Ps)and Intensity mapping Fourier modes (superscript M)

* Can determine optimal number of pointings/configuration for fixed
JWST observing time
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JWST Pencil-Beam Galaxy Survey




Forecasts for JWST Galaxies
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Assume z=7 in all examples here

NIRSpec MOS — simultaneous spectra per field, assumed 20 minutes to switch fields
(slew+overhead)

Explored three different redshift determination methods

* Lyman-break -- high-res (NIRSPEC G140M/F100LP grating; R=200) and low-res (PRISM; R=30)
* Lyman-alpha line (R=700)

%)fg)dances from UV and Lyman-alpha luminosity functions (Bouwens et al. 2021, Itoh et al.

Future work = more accurate forecasts




Impact of JWST Field Distribution

JWST Pencil Beam Configurations Relative Sensitivity of IM-galaxy cross-power spectrum
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* Example with hypothetical noiseless intensity map over (300 Mpc)? field
(similar results with realistic IM surveys)

* Grid and random perform essentially the same, ‘tight” worse on large scales



Simple and Accurate Sensitivity Approximation

100 JWST hours split across 25 FOVs,
cross correlated with noiseless IM

* Full Fisher operations require large matrix inversions
and large number of numerical integrations

* Simple analytic formula derived in the limit of random
JWST pencil beam directions (which is near optimal)

* Excellent agreement with full Fisher calculation
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Lyman-alpha Intensity Map log(s/5)

Lyman-alpha IM Survey w/ SPHEREX

200 Mpc

SPHERE;NASA JPL
* Lyman-alpha intensity mapping -- interesting probe of reionization (Silva et al.
2013, Pullen et al. 2014, EV and McQuinn 2018, Ambrose, EV+, in prep.)

* Cross correlation likely needed to clean H-alpha interlopers
Assumed SPHEREXx specs: 0.2 m dish, background limited (Zodiacal light) ,10° s

integration, 6 deg x 6 deg FOV (~1000 Mpc)?, noise from H-alpha interlopers




S/N of SPHEREX Lya-JWST Galaxy Cross Power
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* Assumes z=7, S/N factor of 2 higher at z=6
e Optimal number of JWST pointings, ~ 100 for 100 JWST hours, few galaxies per field

. Molst sensitive at k ~ 0.1 Mpc™?, clustering dominates cross—power spectrum on these
scales

* Good signal-to-noise with 100 hours JWST time
* Lyman-alpha more effective than Lyman-break technique for JWST redshift



Sensitivity of HERA-JWST Galaxy Cross-Power
2 1 C m W/ H E RA Spectrum, for HERA, 10x HERA, and 100x HERA
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 HERA Assumptions: 14m dishes, in 300 m grid, 21cmsense for sensitivity (Pober 2016), 9 deg x 9
deg FOV (~1500Mpc)?, analytic approx. to 21cm signal from (McQuinn & D’Aloisio 2018)
* Low S/N for cross-power spectrum
e Scans across sky, focusing on one field would help
* Loss of low k-parallel modes in foreground removal detrimental
 HERA not very well-suited to pencil beam cross correlation, expect SKA to be more promising



Summary and Conclusions

* [M cross correlation w/ sparse JWST fields can work!
* Developed Fisher matrix formalism for S/N + analytic approximation

e Additional results
 Random vs grid led to very similar constraints
* Dense distributions lower S/N, but may still work
* SPHEREx/Lya S/N~5-10 in 100 JWST hours
* HERA not as well suited

* Future work: JWST + ground-based follow-up spectrum may be
significantly better, consider planned JWST programs (e.g., COSMOS-
Webb), IM x IM

* In review at AplJ, posted to astro-ph: arXiv:2212.05096



https://arxiv.org/abs/2212.05096

