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Abstract
The Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer (SPHEREx) will provide
all-sky spectral survey data covering optical to mid-infrared wavelengths with a spatial resolution of 6.′′2, which can be widely
used to study galaxy formation and evolution. We investigate the galaxy-galaxy blending in SPHEREx datasets using the mock
galaxy catalogs generated from cosmological simulations and observational data. Only ∼0.7% of the galaxies will be blended
with other galaxies in all-sky survey data with a limiting magnitude of 19 AB mag. However, the fraction of blended galaxies
dramatically increases to ∼7–9% in the deep survey area around the ecliptic poles, where the depth reaches ∼22 AB mag. We
examine the impact of the blending in the number count and luminosity function analyses using the SPHEREx data. We find
that the number count can be overestimated by up to 10–20% in the deep regions due to the flux boosting, suggesting that the
impact of galaxy-galaxy blending on the number count is moderate. However, galaxy-galaxy blending can marginally change the
luminosity function by up to 50% over a wide range of redshifts. As we only employ the magnitude limit at Ks-band for the
source detection, the blending fractions determined in this study should be regarded as lower limits.

Keywords: surveys — infrared: galaxies — galaxies: abundances — galaxies: luminosity function — galaxies: groups: general

1. Introduction

The Spectro-Photometer for the History of the Universe, Epoch
of Reionization and Ices Explorer (SPHEREx) is a future space
mission providing unprecedented all-sky spectral survey data
covering the optical and near-infrared wavelengths (i.e., 0.75–
5 µm). Owing to the spectral capability of the SPHEREx with
a spectral resolution of∼40–150, the survey data will enable us
to estimate distances to a large number of galaxies robustly and
hence be of great importance in understanding the large-scale
structures of the Universe (e.g. Doré et al. 2014, 2016). In
addition, the NIR spectral coverage of the SPHEREx dataset is
essential to investigate the stellar properties of galaxies. For ex-
ample, SPHEREx is expected to discover more than thousands
of galaxy groups and clusters without additional spectroscopic
observation and allow us to measure the stellar masses and star

formation rates of individual galaxies. Moreover, it will enable
us to investigate the luminosity and stellar mass functions of
galaxies up to z ∼ 0.5–1. Therefore, SPHEREx will be vital
to explore the evolution and formation of galaxies.

However, due to a relatively large pixel scale and spa-
tial resolution (∼6 arcsec), one needs to take into account
galaxy-galaxy blending in investigating the photometric prop-
erties of galaxies in the SPHEREx dataset. In particular, a
Sun-synchronous orbit of the SPHEREx mission will lead to
observing areas around the south and north ecliptic poles more
frequently, where the photometric data that is∼2–3 mag deeper
than that in the all-sky area will be available. The deep re-
gions with an area of ∼200 deg2 will be more significantly
affected by the blending problem. This blending can cause
bias in determining the large-scale structure and estimating
the brightness measurements through flux boosting (see Sec-
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Blending in SPHEREx

tion 4). Therefore, it is necessary to quantify this effect with
the existing datasets carefully. Note that the sensitivities (5σ)
of SPHEREx data for the point source are around 18.5–19.5
and 21.5–22 AB mags in the all-sky and deep regions, respec-
tively (Doré et al. 2014, 2018). For simplicity, we assume that
the detection limits are 19 and 22 mags in the all-sky survey
and deep survey, respectively.

Such a blending issue has been extensively studied in
the previous all-sky infrared survey conducted with the Wide-
field Infrared Survey Explorer (WISE; Wright et al. 2010).
Angular resolutions of W1 and W2 bands (∼6.′′1–6.′′4) are
comparable to that of the SPHEREx. In addition, its 5σ depth
(∼19.5 AB mag in W1 band) agrees well with that of the
SPHEREx. From the cross-match between the Galaxy and
Mass Assembly (GAMA; Driver et al. 2009, 2011) survey
and WISE dataset, Cluver et al. (2014) demonstrated that the
galaxy-galaxy blending (i.e., multiple optical counterparts in a
single WISE source) is only severe in the faint end. However,
this result is based on relatively shallow optical data (r ≤ 19.8

mag) and hence is limited to nearby galaxies (z < 0.5), which
may reveal that the blending fraction of the WISE dataset
was underestimated. Moreover, because the blending fraction
dramatically increases with decreasing galaxy brightness, it
needs to be quantified with deep survey data covering high-
redshift sources.

In this paper, we investigate the expected galaxy-galaxy
blending fraction in the SPHEREx all-sky survey and deep re-
gions dataset, using both numerical and observational data. In
Section 2, we describe the basic properties of various galaxy
catalogs used in this study and our methods to compute the
blending fraction. The blending fractions from the various
datasets are presented in Section 3. From this result, we dis-
cuss its implication for the statistical properties of galaxies in
Section 4. We summarize the results in Section 5. Through-
out this study, we adopt the following cosmological parame-
ters: H0 = 100h = 67.4 km s−1 Mpc−1, Ωm = 0.315, and
ΩΛ = 0.685 (Planck Collaboration et al. 2020). All magni-
tudes are in AB system.

2. Data and Method
2.1. Cosmological Simulation
We utilize a mock galaxy catalog from a cosmological sim-
ulation to investigate the blending fraction in the SPHEREx
survey dataset. We specifically adopt the mock catalog to
forecast the ultra-wide field of Nancy Grace Roman Space
Telescope (Roman, Spergel et al. 2015)1, which was produced
using 164 snapshots ranging from z = 0 to z = 10 cover-
ing a total area of ∼2 deg2, containing at least 25 million
subhalos. The simulated galaxies cover a wide range of UV
luminosities from −16 to −26 mag (Somerville et al. 2021;
Yung et al. 2023). The halo distribution was extracted from
the SmallMultiDarkPlanck (SMDPL) from MultiDark N-body
simulation suite. SMDPL specifically conducted in a box size
of 400 h−1 Mpc with a particle mass of 9.6 × 107 h−1 M⊙

1https://flathub.flatironinstitute.org/group/sam-forecasts
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Figure 1. Histograms of halo mass and Ks apparent magnitude
of the galaxies in the Santa Cruz Semi-Analytic Model (SC-SAM)
ultra-wide field mock catalog. The vertical dotted line denotes the
minimum reliable halo mass (2.2 × 1010 M⊙) imposed by the mass
resolution limit (2.2× 108 M⊙) of the simulation.

(Klypin et al. 2016). ROCKSTAR code was used to identify
dark matter halos and subhalos complete down to a halo mass
of ∼1010 M⊙, which contains ∼100 dark matter particles
(Behroozi et al. 2013). Finally, Santa Cruz Semi-Analytic
Model (SC-SAM) was adopted to trace the baryonic proper-
ties of the galaxies in the halos (Somerville et al. 2015). These
data work reasonably well in reproducing the luminosity func-
tion and number counts up to 25–26 mag derived from the
Cosmic Assembly Near-infrared Deep Extragalactic Legacy
Survey (CANDELS, Grogin et al. 2011), indicating that it is
suitable for our purpose (Somerville et al. 2021). The light-
cone data is available in the form of five distinct datasets, each
representing different realizations, and we can employ these
datasets for estimating cosmic variance.

Figure 1 shows the histograms of halo mass and Visible
and Infrared Survey Telescope for Astronomy (VISTA, Emer-
son et al. 2004) Ks apparent magnitude (with dust attenuation
considered) of galaxies in one ultra-wide lightcone. The verti-
cal dotted line delineates the mass resolution limit of the sim-
ulation, which we take to construct a sample for blending frac-
tion measurements. Ks apparent magnitudes of galaxies more
massive than this mass limit go down to∼33 mag, much deeper
than the detection limit of the deep survey. However, we fur-
ther limit the sample withmKs < 24.8 to match the magnitude
cut of the COSMOS sample, which results in 643,885 galaxies
(see Section 2.2). We also prepare samples of mKs < 25.8

(1,157,476 galaxies) and < 26.8 (2,006,859 galaxies) to con-
firm if the completeness of the sample of mKs

< 24.8 is
enough to investigate the impact of flux boosting (see Sec-
tion 4).
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Blending in SPHEREx

We note that these data stand as the exclusive resource for
investigating the blending issue in the SPHEREx surveys from
multiple points of view. Firstly, both the mass resolution and
box size of the simulation are optimal to emulate the SPHEREx
deep surveys. More importantly, the SC-SAM model contin-
ues to trace galaxies even beyond the point where their own
halos are no longer identified in simulations. Such galaxies that
have lost their own halos, whether due to physical processes
or numerical limitations, are termed orphan galaxies. In the
context of (semi-)analytical modeling of galaxies within halos
in N -body simulations, it becomes inherently challenging to
track the evolution of orphan galaxies. While a common ap-
proach is to cease tracking orphan galaxies and place them at
the center of their new host halos, the SC-SAM model stands
out by predicting the trajectories of orphan galaxies based on
their paths before losing their original host halos (Somerville
et al. 2008). This prevents the situation where higher blending
could occur simply due to orphan galaxies being placed at the
centers of their new host halos.

Further refinements have been made to accurately repli-
cate the observed clustering on small scales, a pivotal aspect in
addressing blending phenomena. These adjustments involve
aligning the distributions of satellite galaxies, including orphan
galaxies, with a Navarro-Frank-White (NFW) model (Navarro
et al. 1997). Consequently, the angular two-point correlation
functions derived from these modified datasets exhibit good
agreement with observations over a broad redshift range, ex-
tended to scales as small as ∼6 arcsec (see Yung et al. 2022
for additional details).

2.2. Deep Survey Data

The Cosmic Evolution Survey (COSMOS, Scoville et al. 2007)
has emerged as a fundamental component of extragalactic as-
tronomy, providing multiwavelength photometry for more than
one million sources across a 2 deg2 field. While multiple pub-
lic releases of source catalogs have been made available, we
use the latest one (COSMOS2020) released in 2022 (Weaver
et al. 2022). The main achievements in COSMOS2020 are
the substantially deeper optical and near-infrared images ob-
tained from the ongoing Subaru-HSC (Aihara et al. 2019) and
VISTA-VIRCAM (McCracken et al. 2012; Moneti et al. 2023)
surveys, the reprocessed Spitzer data (Euclid Collaboration
et al. 2022), and the improved astrometry with Gaia (Gaia Col-
laboration et al. 2016, 2018). Thanks to the deep images, the
number of detected sources has largely increased compared to
the previous 2015 catalog (Laigle et al. 2016) from about half
a million to 1.7 million objects across. Especially the depth
in the UltraVISTA DR4, which includes four bands from Y

to Ks, overlapping with the SPHEREx wavelength coverage,
has increased by approximately one magnitude. Photometric
redshifts are computed for all objects with subpercent and 5%
precision for bright and faint objects, respectively.

Figure 2 shows the Ks-band magnitude distribution of
galaxies that are not contaminated by bright stars or arti-
facts (selected with lp_type=0 and FLAG_COMBINED=0) in
the COSMOS field, indicating that the data is complete up to
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Figure 2. Ks apparent magnitude distribution of objects in the COS-
MOS2020 catalog within the contamination-free area of 1.27 deg2.
The vertical dashed and dotted lines denote the limiting magnitudes
of UltraVISTA DR4 deep and ultradeep surveys, i.e., mKs = 24.8

and mKs = 25.2.

mKs
≈ 25.2, which corresponds to the 3σ depth of the ultra-

deep survey as indicated in Table 1 of Weaver et al. (2022).
However, the ultradeep survey comprises four distinct stripes,
whereas the deep survey covers one contiguous area. To con-
struct a complete and homogeneous sample, we adopt the
magnitude cut of mKs

< 24.8, the magnitude limit of the
deep survey, and confirm that the sample with this magnitude
cut does not exhibit any inhomogeneities across the field. It
is important to highlight that the COSMOS data stands out
as the sole publicly accessible dataset reaching such a depth.
For example, while the United Kingdom InfraRed Telescope
(UKIRT) Infrared Deep Sky Survey (UKIDSS) Ultra-Deep
Survey (UDS) Data Release 11 (DR11, Almaini et al., in prepa-
ration) boasts comparable depth among several near-IR survey
datasets (with a limiting magnitude of mKs

∼ 25.3 mag), the
non-disclosure of detailed information regarding star/artifact
masks and precise survey area measurements renders it unus-
able for this study. Additionally, the redshift information in
the COSMOS data offers another advantage over alternative
survey datasets, facilitating various investigations into blend-
ing phenomena, such as the determination of physical asso-
ciations among blending pairs. Please refer to Weaver et al.
(2022) and the documents provided along with the catalog2

for more details regarding source classifications, flags, and
limiting magnitudes.

By applying this magnitude cut as well as the flags for
galaxies and contamination-free, we are left with 303,275
galaxies in the contamination-free area of 1.27 deg2. Based
on this selection, we estimate blending fractions incurred due

2https://cosmos2020.calet.org
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to the SPHEREx spatial resolution and further investigate
their impact on luminosity functions and number counts in
the SPHEREx datasets.

2.3. Comparison between Simulation and Survey Data
Figure 3 shows the comparison between the number counts
of the SC-SAM and COSMOS samples constructed for the
study (see Sections 2.1 & 2.2) as a function of Ks-band mag-
nitude. The results from the UKIDSS UDS Early Data Re-
lease (Lane et al. 2007) and the Visible and Infrared Survey
Telescope for Astronomy (VISTA) Deep Extragalactic Obser-
vations (VIDEO, Jarvis et al. 2013) are shown as well. The
photometric completeness correction for the observational data
is not applied. The number count of the COSMOS sample ap-
pears smaller than the SC-SAM sample at both bright and faint
magnitudes; the reduction in the number count the COSMOS
sample at bright magnitudes seems partly due to the satura-
tion limit, typically specified as mKs

∼ 14.23. While the
difference between the two samples could also be attributed to
cosmic variance, the integrated count in the SC-SAM sample
with mKs

< 22 is about 20% larger than that in the COS-
MOS sample (50,200 deg−2 versus 42,300 deg−2; see also
Somerville et al. 2021). It is also reported that the clustering
in the SC-SAM sample appears stronger compared to obser-
vations at scales below 6 arcsec (see Figure 9 of Yung et al.
2022). This may explain the larger blending fractions for the
SC-SAM than those in the COSMOS. However, discerning
which, simulation or observation, represents the ground truth
is not always evident, particularly close to the sensitivity or
resolution limits of the datasets. Moreover, elucidating the
reason for the discrepancy is beyond the scope of this paper.
Instead, we emphasize the importance of leveraging different
datasets to reach a generally acceptable conclusion, consider-
ing the influence of diverse factors and limitations. It is also
worth noting that the estimated blending fractions from these
two samples are considered to represent lower limits for the
actual blending fraction. This is due to our calculations not
incorporating galaxy sizes, which would contribute to further
instances of blending.

2.4. Measurements of Blending Fraction
We calculate the blending fraction based on the pixel basis. We
first construct a grid with a 6.2-arcsec spacing in both R.A. and
Decl. directions, which mimic the pixel elements of SPHEREx
of the same size (Doré et al. 2016). We subsequently count
pixels containing more than one galaxy and a blending fraction
is defined as the number fraction of such pixels among all
pixels associated with galaxies. Because we do not know the
exact location of the grid, we iterate this procedure 100 times
using different grids, whose locations are randomly shifted by
a sub-pixel amount each time. Then, we take the mean and
standard deviation of blending fractions of these 100 iterations
to estimate a blending fraction and its uncertainty. In the case
of the SC-SAM sample, we can also use the five lightcones for
3https://www.eso.org/rm/api/v1/public/releaseDescriptions/
213
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Figure 3. Number of galaxies per deg2 as a function of Ks apparent
magnitude of the COSMOS (red) and SC-SAM (blue) samples. The
results from the United Kingdom InfraRed Telescope (UKIRT) In-
frared Deep Sky Survey (UKIDSS) Ultra-Deep Survey (UDS) Early
Data Release (EDR, Lane et al. 2007) and the Visible and Infrared
Survey Telescope for Astronomy (VISTA) Deep Extragalactic Obser-
vations (VIDEO, Jarvis et al. 2013) are shown as well. The errors
for the SC-SAM samples are estimated using five different light-
cones. The discrepancy between simulation and observation at faint
magnitudes could be attributed to either the incompleteness of the ob-
servational data or overly populated dark matter halos in simulation.

the error estimate. In this experiment, the galaxy is assumed to
be a point source, and stars are not considered, which can lead
to underestimating blending fractions. In addition, the source
detection is determined solely based on the Ks magnitude for
simplicity, at which the spectral energy distribution (i.e., Fν)
peaks for galaxies with moderate redshift (∼0.5–1.0; Sawicki
2002). Therefore, our estimates will serve only as lower limits
of actual values.

3. Result
The confusion limit refers to a flux limit at which the cumu-
lative number density of sources, N(< mKs

), multiplied by
the beam size (i.e., the spatial resolution) is unity (Casey et al.
2014). Based on the SC-SAM number counts in Figure 3
and the SPHEREx spatial resolution, this confusion limit is
mKs ≈ 23.5. This indicates that a SPHEREx pixel contains,
on average, fewer than a single galaxy of mKs

< 23.5, making
blending among galaxies that are brighter than the SPHEREx
survey limits (both the all-sky and deep surveys) potentially
insignificant. However, it is important to note that galaxy
clustering could still lead to notable blending. Previous stud-
ies (e.g., Patanchon et al. 2009; Roseboom et al. 2010) that
investigated the effect of galaxy clustering on blending gen-
erally concluded that the impact of clustering on blending is
negligible. However, these studies often made simplifying as-
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Figure 4. Blending fraction as a function of a square-shaped survey
area obtained from the SC-SAM sample. Different colors are for
different locations of each square in the sky. Depending on whether
it is located in a crowded or empty region, the blending fraction
could vary significantly when the survey area is small. As the survey
area increases, the blending fraction converges to a value, represented
by the red circle with an error bar calculated using the full sample
(horizontal dotted lines). The error bar is calculated from 100 different
grids.

sumptions such as linear clustering that is independent of flux
or spectral energy distribution (e.g., Fernandez-Conde et al.
2008). In our study, however, the effect of galaxy clustering
can be investigated more in-depth by using both high-resolution
cosmological simulation data and observational data.

It is worth mentioning that the blending that includes
galaxies that are fainter than the survey limits is not discussed
in this section. The SPHEREx pipeline will perform forced
photometry by using positional prior information on the mea-
surable SPHEREx sources to compensate for the poor spatial
resolution. Therefore, the main focus is on blending among
sources brighter than the survey limits, those compiled in the
SPHEREx’s reference catalog. A more comprehensive discus-
sion of blending, including fainter sources, will be presented
in Section 4.

3.1. Blending in SPHEREx All-Sky Survey
We investigate the blending among the galaxies in the SC-SAM
sample that are brighter than the limiting magnitude of the
SPHEREx all-sky survey, i.e., mKs

< 19. It is clear that this
neglects blending instances that involve galaxies fainter than
the limiting magnitude. Consequently, the estimated blending
fraction might once again fall below the true value. Nev-
ertheless, this estimate could be employed as a reference to
evaluate, for instance, the completeness of the (photometric)
redshift catalog of the SPHEREx all-sky survey.

Figure 4 shows how the blending fraction evolves as a

function of the survey area. The survey area is illustrated as
a square, initially positioned at an arbitrary location and then
enlarged until any side of it aligns with the boundary of the
sample. Lines with different colors correspond to squares po-
sitioned at different locations. When the size of each square
is small, the blending fraction within it varies significantly
from one to another depending on whether the square contains
clusters or voids (i.e., field-to-field variation). As the survey
area increases in size, the blending fractions tend to converge
towards a specific value, represented by the red-filled circle
with an error bar on the right. This value is calculated using
the full sample, and the error is estimated from 100 differ-
ent grids. We further assessed blending fractions using the
other four lightcone datasets, as the convergence observed in
Figure 4 with increasing survey area may be attributed to a
mere increase in overlapping objects. The dispersion among
blending fraction estimates across the five lightcone datasets
appears minimal (0.11%), akin to that observed with 100 grids
(0.09%). This suggests that despite the limited survey area
covered by the lightcone or the COSMOS data, they are suffi-
ciently expansive to derive a representative blending fraction
estimate. Consequently, we opted to exclude consideration
of different lightcone mock realizations and instead analyze
scatter from varying grid realizations in subsequent analyses.

The blending among galaxies of mKs
< 19 over the

all-sky would not be different from the estimate with the full
sample; it is expected to be as low as 1%. Similarly, we obtain
a low blending fraction with COSMOS galaxies of mKs

< 19,
consistent with the result from the SC-SAM sample. There are
no cases of blending of three or more galaxies, mainly due to
the small number statistics.

We further examine the differences in redshifts and appar-
ent magnitudes of blending pairs, which are denoted by solid
lines in the left and right panels of Figure 5, respectively. The
distributions indicate that the galaxies in a blending pair are
likely to have similar redshifts and apparent magnitudes, al-
though the trend in the magnitude difference that prefers small
differences is not as strong as that in the redshift difference.
This suggests that a significant portion of blending pairs are
genuine pairs with similar masses that are physically associ-
ated. This implies that the blending issue will be critical for
the study of galaxy groups/clusters, which will be one of our
future works.

3.2. Blending in SPHEREx Deep Survey

We repeat the analyses in the previous Section but with the
sample of mKs

< 22 (i.e., applying the depth of the deep sur-
vey). The blending fractions in the deep survey are increased
significantly to ∼10% from ∼1% (the blending fractions esti-
mated for the all-sky survey) as summarized in Table 1. About
∼9% of the blended pixels contain three or more galaxies.
As expected from the comparison between the SC-SAM and
COSMOS samples in Section 2.3, the blending fraction in the
SC-SAM sample is higher than that estimated in the COS-
MOS sample (9.6% versus 7%). Both of the two estimates
suggest that the blending fraction in the deep regions will be
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Figure 5. Distributions of redshift difference (left) and Ks apparent magnitude difference (right) of blending pairs found in the SC-SAM (blue)
and COSMOS (red) samples of mKs < 19 (solid) and mKs < 22 (dashed). Blending tends to happen among galaxies at similar redshifts and
magnitudes.

Table 1. Blending fraction estimates for SPHEREx surveys

Data mKs
< 19 mKs

< 22

COSMOS 0.73 ± 0.11% 7.06 ± 0.10%
SC-SAM 0.77 ± 0.09% 9.13 ± 0.06%

Blending fractions estimated using the SC-SAM and COSMOS samples that
are limited by the flux limits of the SPHEREx all-sky and deep surveys. The
errors are estimated using 100 realizations of the SPHEREx pixel grid.

non-negligible, unlike in the all-sky survey, and thus should
be taken into account for analyses such as number counts and
luminosity functions (see Section 4).

We also examine the redshift/magnitude differences be-
tween blending pairs (dashed lines in Figure 5), which reinforce
the conclusion drawn from the blending pairs in the all-sky sur-
vey; blending tends to occur between galaxies of similar masses
that are physically associated. It is worth noting that the dis-
tribution of redshift difference constructed from the SC-SAM
sample is significantly more peaked at small values than that
from the COSMOS sample. This might indicate that galax-
ies in groups at high redshifts, which are separated by small
angular separations, are not entirely sampled in the COSMOS
sample. Galaxies at high redshifts, which may be blocked
by larger foreground galaxies, could also be absent from the
COSMOS sample. This leads to fewer blending instances with
large redshift differences compared to the SC-SAM sample.
This may contribute to the incompleteness of the COSMOS
sample and thus lead to its smaller sample size (than the SC-
SAM sample) when a faint limiting magnitude is considered
(see Section 2.3).

4. Implication
The blending is expected to increase the detectable sources,
which may arise due to flux boosting caused by multiple
sources below the detection limit coincidentally residing in
the same pixel, resulting in their total flux surpassing the de-
tection limit. It is important to highlight that various factors
contribute to flux boosting; for example, photometric uncer-
tainties can elevate fluxes and consequently impact the number
of sources, especially the number of sources near the detection
limit (i.e., Eddington bias, Eddington 1913). In our investi-
gation, we focus on examining the influence of flux boosting
caused by multiple sources (as opposed to that induced by
photometric uncertainties) on the source number counts and
luminosity functions in the two surveys of SPHEREx.

4.1. Number Count

To investigate the impact of the flux boosting on the source
number count in the SPHEREx surveys, we require catalogs
that include objects much fainter than the survey’s detection
limit (ideally a catalog of all existing objects). In practice, we
are limited to certain magnitude limits to which the samples
are complete (e.g., Ks < 24.8 in the case of the COSMOS
sample). Although this limit is almost three magnitudes deeper
than the limiting magnitude of the deep survey, we test whether
the depth is sufficient for quantifying the flux-boosting effect in
the SPHEREx surveys using the two deeper samples prepared
from the SC-SAM ultra-wide lightcone data.

The top panel of Figure 6 presents the number of sources
(i.e., galaxies or SPHEREx pixels) as a function of magni-
tude. The blue and red dashed lines are the number of galaxies
(Ntrue) from the SC-SAM and COSMOS samples, respectively
(i.e., true source counts that are the same as Figure 3). The
solid lines represent the count of pixels when accounting for the
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Figure 6. (Top) Source number counts as a function of Ks apparent
magnitude obtained from the SC-SAM (blue) and COSMOS (red)
samples ofmKs < 24.8. The true number counts (Ntrue) are denoted
by dashed lines, and the number counts with the blending effect
(Nblend) are by solid lines. Two vertical dotted lines denote the
detection limit of SPHEREx all-sky and deep surveys. (Bottom) The
relative difference between the number counts with the blending effect
and the true number counts, defined as∆ = (Nblend−Ntrue)/Ntrue.
Blending results in over-counts at bright magnitudes and under-counts
at faint magnitudes. The results of the SC-SAM samples of mKs <

25.8 and < 26.8 are presented in lighter blue colors, which overlap
almost perfectly. While showing a slight difference from the result
of the mKs < 24.8 sample, the overall trend is not significantly
different. Errors are calculated based on the bootstrap resampling
method.

blending effects (Nblend). When blending occurs, we compute
the total flux within each pixel that contains multiple galaxies.
The bottom panel displays the relative difference between the
solid and dashed lines, i.e., ∆ = (Nblend − Ntrue)/Ntrue, of
the corresponding color. Errors are calculated based on the
bootstrap resampling method. Although the results from the
SC-SAM and COSMOS samples exhibit discrepancies due to
the incompleteness of either dataset, a consistent conclusion
regarding the influence of blending on number counts can be
reached: source count boosting appears dominant at bright
magnitudes (e.g., mKs

≲ 22), whereas source count reduction
dominates at faint magnitudes (e.g., mKs ≳ 22). The source
count reduction at faint magnitudes is due to the fact that blend-
ing tends to occur within a group/cluster and thus faint galaxies
in a group/cluster will not be counted as individual sources but
rather as a single source with a brighter magnitude. While the
all-sky survey would end up with more sources by ≲10% in
each magnitude bin, such artificial excess in source count in

the deep survey could extend to ∼20% at faint magnitudes.
Two lines in lighter blue colors in the bottom panel, which

are overlapping almost perfectly and thus indistinguishable
amongst themselves, correspond to the deeper SC-SAM sam-
ples of mKs

< 25.8 and mKs
< 26.8. These two lines are

additionally presented to assess the validity of themKs
< 24.8

sample for this study, as mentioned earlier. The difference be-
tween the blue (the mKs < 24.8 sample) and lighter blue (the
mKs

< 25.8 and mKs
< 26.8 samples) lines appears clear,

showing the actual transition from overestimate to underesti-
mate occurs at a magnitude fainter (by ∼0.4 mag) than the
magnitude derived from the mKs

< 24.8 sample. This in-
dicates that while the mKs

< 24.8 sample seems acceptable
to investigate the impact of blending on the source number
count of the all-sky survey, a deeper sample such as that of
mKs < 25.8 at least is required for the deep survey. How-
ever, given that the overall trend remains consistent across all
three samples, the conclusion that the non-negligible excess in
the source number count is expected in both all- and deep-sky
surveys is still valid.

To compare with the blending fractions estimated in Sec-
tion 3, where faint sources are not considered, we assess blend-
ing fractions using the SC-SAM and the COSMOS samples of
mKs < 24.8. Although the blending fraction is defined in the
same way as previously described, i.e., the fraction of pixels
featuring blending, the distinction lies in the application of the
survey flux limits to pixels instead of galaxies. Consequently,
galaxies with fainter fluxes may contribute to the total flux of
a pixel. The blending fractions exhibit a significant increase
by considering faint sources, from 0.77 and 9.13% (refer to
Table 1) to 67.4 and 70.1% for the all-sky and deep surveys,
respectively, for the SC-SAM sample. In the case of the COS-
MOS sample, it increases from 0.73 and 7.06% to 40.5 and
50.5%. It is primarily due to the large number of faint sources.

Figure 7 shows the demography of pixels identified as
sources in the all-sky (top) and deep (bottom) surveys in the
SC-SAM (left) and COSMOS (right) samples, respectively,
in each Ks-band magnitude bin. We categorize these pix-
els into four cases based on the brightness levels of the first
and second brightest galaxies: pixels with no blending (NB,
gray), blending of bright-bright galaxies (BB, red), blending
of bright-faint galaxies (BF, blue), and blending of faint-faint
galaxies (FF, green). Here, “bright” and “faint” are defined
with respect to each survey limit, as has been the case thus far.
As seen in Section 3, the blending of bright-bright galaxies is
not prevalent in the all-sky survey but becomes significant in
the deep survey. In most instances, blending occurs between
a bright galaxy and one or several faint galaxies, as indicated
by the size of the blue bar compared to the red and green ones.
These blending instances are not identified as blending in Sec-
tion 3. Although their impact on photometry will be minimal
at bright magnitudes, it becomes noteworthy near faint magni-
tudes close to the survey limits. As noted earlier, because of the
discrepancy in the number of faint sources and the clustering
on small scales in the SC-SAM and COSMOS samples (see
Section 2.3), the blending fractions in the two samples with the
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Figure 7. Demography of pixels identified as sources in the all-sky (top) and deep (bottom) surveys in the SC-SAM (left) and COSMOS (right)
samples of mKs < 24.8. These pixels are categorized into four cases based on the brightness levels of the first and second brightest galaxies:
pixels with no blending (NB, gray), blending of bright-bright galaxies (BB, red), blending of bright-faint galaxies (BF, blue), and blending of
faint-faint galaxies (FF, green). Here “bright” and “faint” are defined with respect to each survey limit. Blending of bright-bright galaxies is
not a major blending event, especially in the all-sky survey. In most cases, blending occurs between a bright galaxy and one or several faint
galaxies. The discrepancies between the SC-SAM and COSMOS samples are somewhat expected, given the discrepancies in the number of
faint galaxies and the clustering on small scales in the two samples, as discussed in Section 2.3.

fainter magnitude cut exhibit larger differences than those in
Section 3. Cases where only sources fainter than the detection
limits contribute to the blending, their total flux exceeding the
survey limits and consequently falsely identified as a source,
account for 7.7 and 16.8% in the all-sky and deep surveys,
respectively, in the SC-SAM sample, and 6.5 and 10.4% in the
COSMOS sample. However, its impact may be minimal in
the SPHEREx survey, as the photometric measurements will
be only conducted for the known sources without new source
detection using the SPHEREx imaging data.

4.2. Luminosity Function
We further delve into the influence of blending on the estima-
tion of the luminosity functions at different redshifts. Similar
to the earlier section’s analysis of number counts, we construct
binned luminosity functions with and without blending ef-
fects. This is accomplished using the SC-SAM and COSMOS
samples of mKs < 24.8. When blending is considered, we
compute the total flux within each pixel that contains multiple

galaxies as done in Section 4.1. If the magnitude difference be-
tween the brightest and second brightest galaxies in a blended
pixel is greater than 2.5 mag (i.e., a brightness difference of
10 times), we assign the redshift of the brightest galaxy to that
pixel. Pixels with smaller magnitude differences are excluded
from the luminosity function construction as relatively large
redshift uncertainties are expected in the real observations. We
also checked other thresholds of the magnitude difference for
accurate redshift measurements (i.e., ∆mthres = 0.5, 1, and 2
mag), which will be discussed at the end of this section.

We show the resulting luminosity functions together with
their relative differences in Figure 8; the leftmost panel shows
the luminosity function constructed from the all-sky survey at
0 < z < 0.5 and the other panels show those from the deep
survey across three redshift bins ranging from 0 to 1.5. The
identical color scheme and line styles used in Figure 6 are
applied. Vertical dotted lines represent the limiting absolute
magnitudes corresponding to each survey’s flux limit, below
which the luminosity functions are underestimated due to the
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Figure 8. Binned luminosity functions with (solid) and without (dashed) the effect of blending at various redshifts. The leftmost panel displays
the luminosity function derived from the all-sky survey at the lowest redshift bin. The remaining panels show the luminosity functions for the
deep survey at three redshift bins. The relative difference (∆ = (ϕblend − ϕtrue)/ϕtrue) between the luminosity functions with (ϕblend) and
without (ϕtrue) the effect of blending is presented in the bottom panel of each main panel. Vertical dotted lines represent the limiting absolute
magnitudes that correspond to the flux limits of the deep and all-sky surveys, respectively. The conversion between apparent and absolute
magnitudes is based on the central redshift in each bin. Blending has minimal (<1σ) effects on the luminosity function of the all-sky survey
mKs < 19, but it results in non-negligible (>1σ) underestimates in the luminosity functions obtained from the deep surveys mKs < 22 across
all magnitudes. This effect becomes more pronounced at higher redshifts.

incompleteness of the data. As the aim of this analysis is not
to robustly construct luminosity functions beyond the survey
limits but rather to assess the direct impact of blending on them,
we refrain from employing the 1/Vmax technique (e.g., Felten
1977). Instead, we present the binned luminosity functions
in their original form. The conversion between apparent and
absolute magnitudes of the survey limits is based on the central
redshift in each bin. While the results of the SC-SAM and
COSMOS samples do not completely agree with each other,
we will prioritize the result of the SC-SAM sample as it is
unaffected by the redshift uncertainties, unlike the COSMOS
sample.

Contrary to the findings in the number count analysis,
blending mostly leads to underestimates in luminosity func-
tions. These underestimates are minimal in the luminosity
function of the all-sky survey, but become more significant
in the deep survey, reaching about 50% at low luminosities.
At a given luminosity, the underestimate increases as it goes
to higher redshifts. The overestimates observed in relatively
bright magnitudes in the number count analysis do not manifest
significantly in the luminosity functions. This can be attributed
to the exclusion of pixels when the blending occurs between
the galaxies with similar brightnesses (i.e., ∆m ≤ 2.5 mag),
accounting for a significant portion of blended pixels.

Given that blending primarily occurs between physically
associated galaxies (e.g., see Figure 5), it is more pronounced at
higher redshifts where the physical extent per unit angular sepa-
ration is larger. Galaxies that are not physically associated also
have a chance to be blended, as a result of accidental alignment
along the line of sight, although the likelihood of such occur-

rences is relatively low. Such blending is likely to involve low-
mass galaxies that are an abundant population at any redshift.
A flux-limited survey will sample more low-mass galaxies at
lower redshifts, and thus the blending between a lower-mass
galaxy at a lower redshift and a higher-mass galaxy at a higher
redshift will be a common occurrence in such a scenario. Such
blending will have a larger impact when it is accounted for the
higher-redshift luminosity function (unless it is excluded for
its small magnitude difference/large redshift uncertainty); it
goes for a less-abundant, higher-luminosity population where
even minor over/under-estimates can have a significant im-
pact. These factors can explain the more substantial impact of
blending at higher redshifts.

The effect of blending on luminosity functions can change
based on the magnitude difference threshold required for accu-
rate redshift estimates. We have verified this change by recon-
structing luminosity functions with different∆mthres values of
0.5, 1, and 2. If we adopt a smaller ∆mthres and consequently
retain more blended pixels in luminosity functions, we observe
overestimations in luminosity functions in the high-luminosity
end due to the flux boosting of blended pixels. However, the
trend in the low-luminosity end almost remains the same.

5. Summary and Overlook
Using the mock galaxy catalog from the cosmological simula-
tion and COSMOS2020 catalog, we find that the galaxy-galaxy
blending fraction in the all-sky SPHEREx data is ∼0.7%. As
expected, the blending fraction substantially increases up to
∼7–9% in the SPHEREx deep data, covering the area of 200
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deg2 around the north and south ecliptic poles. However, these
values need to be considered as lower limits of the blending
fraction because the galaxy is assumed to be a point source and
the source detection is determined only in the Ks band. The
blendings are most likely to occur by the galaxies with similar
masses and redshifts, suggesting that the blended galaxies are
physically associated with each other. This finding suggests
that the blending can play an essential role when identifying
the members in galaxy groups or clusters.

The galaxy-galaxy blending can cause increases in the
source number counts by up to 20% in the SPHEREx deep data,
whereas the impact from the blending in the all-sky data is al-
most negligible. On the contrary, the blending can marginally
change the shape of the luminosity function, in the sense that
the LF is underestimated at the low-luminosity end and over-
estimated at the high-luminosity end. Therefore, this effect
should be taken into account when the LF is estimated with
the SPHEREx datasets. However, we note that the blending
fraction can be underestimated because neither the size of the
galaxy nor the blending due to foreground stars are considered
in our experiments. Therefore, our estimations on the blending
fraction need to be taken as lower limits.

As the SPHEREx imaging data will be heavily under-
sampled, the photometry is applied only to the known objects
from the previous data (i.e., forced photometry). Therefore,
the impact of the blending may not be as severe as we expected.
However, to maximize the photometry accuracy through the
deblending, it is essential to know the prior distribution of
blended galaxies. Therefore, this study can provide useful in-
sights into this matter. In addition, the bias and uncertainties of
the flux measurements attributed to the galaxy-galaxy blend-
ing may naturally introduce a non-linear effect on the photo-z
estimation, which can be further studied in future work.
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