
Emmanuel Schaan  Chamberlain fellowEmmanuel Schaan   Chamberlain fellow

SPHEREx & Lensing



Timeline

Emmanuel Schaan

CMB S4 
2026-

2020 2021 2022 2023 2024 2025 2026

WFIRST 2024-2029

SPHEREx

PFS 2022

Simons Observatory 
2022-2027

Euclid 
2022-2032

DESI 2020-2025 LSST 2023-2033



Potential projects
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SPHEREx galaxies X CMB/galaxy lensing 
fNL from gg, g!, !! Schmittfull Seljak 18, de Putter Schmittfull Doré 
σ8(z), Mν, (delensing) 
Select lens sample with simpler HOD 
IA mitigation 

Improve photo-z for Euclid/LSST/WFIRST Brice’s talk 
Clustering redshifts 
“Ensemble photo-z” Padmanabhan+19 

IM lensing or tidal reconstruction in deep fields  
Schaan Ferraro Spergel 18, Foreman+18  
Enable correlations with CMB/galaxy lensing



Sky overlap
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SPHEREx is full sky! 
SPHEREx & Euclid deep fields coincide (ecliptic poles) 

VS DESI & LSST (3-6k deg2) or PFS & LSST (~1.4k deg2) 
But DESI & SO/S4 (~10k deg2)

Figure 1: A comparison of the overlap between LSST and DESI under the proposal of Olsen
et al. that we endorse in the current white paper (left), compared to the overlap correspond-
ing to the current baseline LSST strategy (right). (Figure reproduced with permission from
Olsen et al., credit: H. Awan.)

3 Technical Description

3.1 High-level description

Since the LSST survey must address the aspirations of a diverse scientific stakeholder com-
munity, we elect not to design and advocate for a DESI-specific approach to the optimization
of LSST’s survey strategy, but rather to endorse the “Big Sky” consensus-oriented strategy
proposed by Olsen et al. in a separate white paper being submitted to the present call (“A
Big Sky Approach to Cadence Diplomacy”), with some additional DESI-specific considera-
tions addressed below. Briefly, this proposal would extend LSST’s WFD component further
north from its baseline limit of � = +2 to a new limit of � = +12, and would furthermore
image all of the sky accessible from Cerro Pachón (up to � = +32) to somewhat shallower
depth. This increased area coverage would be achieved relative to the baseline LSST plan
by restricting the WFD footprint to Galactic latitudes |b| > 15 at all Galactic longitudes.

The 14,000 deg2 DESI survey footprint includes the low-extinction northern sky down to
� = �10� in the NGC and �20� in the SGC. Relative to the baseline LSST WFD footprint,
the proposed change would increase the overlap of WFD with DESI from about 3,200 deg2 to
about 5,600 deg2. Including the shallower “Big Sky” region, the total overlap between LSST
and DESI would be about 9,800 deg2. The experimental variance of most DESI+LSST
scientific applications would be directly reduced by the same factor by which the proposed
area of overlap increases (about 1.7 and 3.0 respectively for WFD and total).

See Figure 1 for an illustration of this proposed LSST footprint strategy relative to the
DESI survey footprint.
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Galaxy samples
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For LSST z quality: LSST is denser 
For better than LSST z quality: DESI is denser (but less area!)
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SPHEREx x CMB/galaxy Lensing: fNL
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Schmittfull Seljak 18

Validate and improve fNL from clustering 
Multi-tracer: no cosmic variance on bias 
Cross-correlation: easier systematics 
Larger signal than in auto on largest scales

Reproduce Schmittfull Seljak 18 for SPHEREx * SO/S4/LSST lensing 
Roland, Marcel, Olivier’s preliminary work: 2x improvement
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The trends of the fNL signal and signal-to-noise with
redshift and wavenumber are easily understood. Both
signal and signal-to-noise are larger at lower ` and higher
redshift (brighter colors), because the signal scales as 1+
fNL�, where � / (b�1)/b/k2 is the fractional bias change
for fNL = 1 (defined in Eq. (B2)), and the Gaussian bias
b increases with redshift. In the regime where the Limber
approximation holds, ` & 30, the fractional fNL signal of
gg spectra is about twice that of g spectra, because the
former scale as (1 + fNL�)2 ⇡ 1 + 2fNL� whereas the
latter scale as 1 + fNL�.

If all experiments observe mutually independent
patches of the sky, the total signal-to-noise would be
given by adding the individual significances in quadra-
ture. If all experiments observe the same patch, however,
the spectra can be correlated so that the total uncertainty
can be smaller than the uncertainty expected from the
naive estimates of the signal relative to the cosmic vari-
ance of each spectrum [6]. We will discuss this improve-
ment from sample variance cancellation more quantita-
tively later using Fisher forecasts.

C. Neutrino mass signal and signal-to-noise

In Fig. 8 we show the fractional signal of the scale-
dependent neutrino mass bias caused by the di↵erent
transfer functions relevant for angular gg and g power
spectra, assuming a very large neutrino mass of m⌫ =
1 eV. The scale-dependent transition shown for the 3-D
power spectrum in Fig. 2 is mapped to angular wavenum-
bers 10 . ` . 300 in 2-D. The gg spectra have about
twice the signal than g spectra, and even more signal-
to-noise. The signal-to-noise rises steeply with wavenum-
ber `, although we e↵ectively exclude the signal at very
high ` by marginalizing over galaxy bias parameters, so
that most of the constraining power comes from ` ⇠ few
hundred. These scales are su�ciently small that we will
assume the Limber approximation on all scales for neu-
trino mass forecasts.

V. ANALYTICAL ESTIMATE

Before presenting detailed numerical forecasts based
on the above scale-dependent bias signals, we estimate
analytically what precision we might expect for the frac-
tional error of a generic scale-dependent bias amplitude
↵, which can be ↵ = fNL or ↵ = m⌫ depending on the
application. For simplicity we will not marginalize over
any parameters in this section.

Let us assume that all LSS tracers are optimally com-
bined to a single tracer g =

P
i �gi . We then compute the

FIG. 7. Upper panel: Fractional fNL signal (@C`/@fNL)/Ĉ`

from scale-dependent bias as described in Appendix B 1,
for Cgg

` (solid) and Cg
` (dashed). Lower panel: fNL

signal divided by cosmic variance noise and shot noise,
(@C`/@fNL)/�(Ĉ`). Most of the fNL signal-to-noise comes
from large scales and high redshift, as expected. By can-
celling part of the cosmic variance, a joint analysis can yield
tighter constraints than naively expected by adding up the
shown signal-to-noise in quadrature.

Fisher information of ↵ if the data vector is given by the
CMB lensing convergence map and the combined tracer
map, (, g). The Fisher information at the field level is
given by
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of the data vector (, g). Recall that Ĉ includes lens-
ing reconstruction noise and Ĉ

gg includes shot noise,
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SPHEREx*Lensing forecast
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SPHEREx-internal cosmology analysis. The left panel of Fig. 6 shows forecasts of the fractional
constraints on galaxy bias of the SPHEREx cosmology analysis galaxy samples from galaxy–CMB
lensing alone, assuming fsky = 0.5 overlap between SPHEREx and a CMB-S4-like survey. These
constraints are marginalized over wCMD cosmology parameters, and the redshift uncertainty of the
SPHEREx galaxies.

Alternatively, if galaxy bias is known (e.g., determined from the galaxy power spectrum anal-
ysis), the galaxy–CMB lensing signal can used to constrain an amplitude parameter Alens [91]. In
general relativity, we expect Alens = 1, and a measurement deviating from this value would imply
modifications of the relation between the metric potentials � and  , termed gravitational slip [92–
95](or unaccounted systematic errors, such as a mis-calibration of the galaxy redshift distribution).
The right panel of Fig. 6 forecasts the uncertainty of Alens measurements as a function of redshift
and physical scale, assuming that galaxy bias is determined in the galaxy clustering analysis, and
marginalizing over the residual uncertainty in galaxy bias and wCDM parameters. On these very
large scales, the clustering measurement of SPHEREx galaxies is cosmic variance limited and the
constraints on Alens approach its (half-sky) cosmic variance limit.

Figure 6. Left: Fractional constraints on galaxy bias in the nominal SPHEREx cosmology analysis redshift
bins, derived by cross-correlating the SPHEREx galaxy catalog with the CMB lensing alone. The blue stars
show forecasts for the �z < 0.03(1 + z) galaxy sample, which is representative of galaxies in the bispectrum
analysis, and the red triangles show forecasts for the �z < 0.1(1 + z) galaxy sample, which is representative
of galaxies in the power spectrum analysis Right: Constraints on the Alens parameter as a function of redshift
and wavenumber. The constraints shown with blue stars include only large scales, approximately k < keq,
while the red triangles also include modes down to the quasi-linear regime.

2.9 Constraining Structure Growth with SPHEREx

The growth rate of structure is an important window on the behavior of gravity on large scales.
A wide variety of alternative theories of gravity (e.g. f(R), symmetron, and massive gravity) have
been developed over the last decade or so, predominantly motivated by the need to explain cosmic
acceleration/dark energy [96]. In many cases, these theories can be tuned to give a cosmic expansion
history that is almost identical to that of a cosmological constant-dominated universe in General
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Compare SNR for: 
SPHEREx/LSST/DESI galaxies     X     LSST/SO lensing …



Summary: Potential projects
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SPHEREx galaxies X CMB/galaxy lensing 
fNL from gg, g!, !! Schmittfull Seljak 18, de Putter Schmittfull Doré 
σ8(z), Mν, (delensing) 
Select lens sample with simpler HOD 
IA mitigation 

Improve photo-z for Euclid/LSST/WFIRST Brice’s talk 
Clustering redshifts 
“Ensemble photo-z” Padmanabhan+19 

IM lensing or tidal reconstruction in deep fields  
Schaan Ferraro Spergel 18, Foreman+18  
Enable correlations with CMB/galaxy lensing


