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Simulation from cosmological parameters to k_BAO scale 
throw a catalog of galaxies with photometric redshift

Compared to previous version: not up to cosmological parameters 
reconstruction (with CAMEL) because simulations are done with more 
approximations than CLASS computations  

—> “incompatibility” at the % level 
—> modification to use CLASS from the beginning currently implemented 
(Julien’s work, M2, LPSC), for the next works



Simulation of a “realistic” catalog of galaxies

Simulation of a cone of 1/4 of the 
sky from z=0.2 to z=2.45 

“all” galaxies to golden cut 
selection (mag_i < 27.3) 
—> from 20 to 1 billion of galaxies 

Science book : 55 gal/arc-min2 
      this paper : 25 gal/arc-min2 
—> too rough computation in the 
S c i e n c e b o o k ( 5 5 — > 3 0 ) 
(Farhang's work)  
—> E(B-V) (~ 11 % effect).  
Still some uncertainty: mag_i 
upper l imi t wi th or wi thout 
atmosphere absorption ?
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The mock catalog extends from a redshift of 0.2 to a redshift
of 2.45. About a tenth of the galaxies have a photometry good
enough for cosmology purpose at z ⇡ 1 and one thousandth at
z ⇡ 2. Starburst galaxies dominate the sample below z ⇡ 0.8
while late types galaxies are more numerous at higher redshifts.
Early type galaxies remain in minority at all redshifts.

Fig. 2. Top: distribution of the number of galaxies as a func-
tion of the redshift. The LSST golden selection cut is defined
by mi < 25.3. Bottom: fraction of galaxies passing the LSST
golden selection cut as a function of the redshift depending on
their broad type.

In order to take into account realistic uncertainties on the
redshift, several error models are used. Random error are added
to the true redshift zs, three cases are studied:

– a Gaussian error with � = 0.03 ⇤ (1 + zs) (corresponding to
an interquartile range IQR of 0.04),

– a more realistic photometric redshift reconstruction using
PDF distributions described in 3.1,

– a photometric error improved by quality cuts on the
BDTvariable as described in 3.1.1, keeping 80 or 90 % of
the galaxies.

3. Photometric redshift reconstruction

In order to guarantee the cosmological capabilities of lsst, re-
quirements on the quality of the photometric redshift are pro-
vided in (LSST Science Book). Statistical properties of the dis-
tribution of eZ = (zp � zs)/(1 + zs) as a function of zp where zs
denotes the true (or spectroscopic) redshift and zp denotes the
photometric redshift, have to verify that:

– the interquartile range IQR of eZ , is lower than 0.05 (the goal
is lower than 0.02),

– the fraction of outliers fout defined as the fraction of galaxies
with eZ > 0.15 is lower than 10 %,

– the bias b defined as the median value of eZ is lower then
0.003.

3.1. Method

The photometric redshift reconstruction is performed with a tem-
plate fitting method presented in details in (Gorecki et al., 2014).
The SED library is made of 51 templates used for the photome-
try computation. Note that this step of the work is expected to be
rather optimistic for LSST redshift reconstruction performance
since our SED library represents completely the simulated ob-
servations. The method uses the prior proposed in (Benitez et
al., 2000) to remove some degenaracies (mostly Lyman / Balmer
break) and is based on magnitude distribution in i band. For each
galaxy of the catalog we compute a 3D grid of �2(z,T, EB�V)
where the redshift z, the galaxy SED type T and the extinction
from inner dust EB�V are the three parameters determined by the
photmetric redshift reconstruction code. The extinction follows
the Cardelli (Cardelli et al., 1989) or Calzetti (Calzetti et al.,
1994) law, depending on the galaxy type. We marginalize the �2

grid over the two other parameters to get the marginalized 1D
posterior probability density functions P(z), P(T ) and P(EB�V).
The redshift estimator can be chosen as z�p (value of the triplet
that minimize the �2 in the grid) or zmarg

p , value that maximizes
the posterior probability density function P(z). In this work we
use the latter one: zp = zmarg

p . This code gives photometric red-
shift performances similar to other public codes (Ricol et al.,
in preparation) but allows us more freedom in output parameters
and in particular the 3 PDF functions.

3.1.1. Outliers rejection

The originality of the method is the outliers e↵ective rejection
with a machine learning method based on the characteristics of
the PDFs.

We have improved further this technic in the present work.
The Likelihood Ratio method presented in (Gorecki et al., 2014)
has been indeed replaced by a Boosted Decision Tree (BDT)
algorithm based on the same discriminant parameters but more
robust and performant. The parameters used in the BDT are:

– the number of peaks in the marginalized 1D posterior proba-
bility density functions denoted by Npk(✓), where ✓ is either
z, T or EB�V,

– when Npk > 1, the logarithm of the ratio between the height
of the secondary peak over the primary peak in the 1D pos-
terior probability density functions, denoted RL(✓),

– when Npk > 1, the ratio of the probability associated with
the secondary peak over the probability associated to the pri-
mary peak in the 1D posterior probability density functions,
denoted by Rpk(✓). The probability is defined as the integral
between two minima either side.

– the absolute di↵erence between the value of zpk and zmarg
pk ,

denoted by Dpk = |zpk � zmarg
pk |

– the maximum value of log(L),
– the colors C = (u � g, g � r, r � i, i � z, z � y),
– the photometric redshift value zp.

The BDT method is trained on an independant sample of
100,000 galaxies. The impact of the training sample (number of
galaxies, completeness) has been studied in details (Gorecki et
al., 2014) and shows no significant bias within reasonable statis-
tics.

After training, the BDT method will provide each test sam-
ple galaxy a BDTvalue between -1 and 1 with outliers having
lower values than good reconstructions. We can then apply a cut
on this value. Figure 3 presents the results of the photometric
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redshift reconstruction and the performances of the outliers re-
jection with the BDT method. The BDT cut value is chosen to
keep a given percentage of the total number of galaxies.

3.1.2. Fast photometric redshift computation

For a sake of computing time we have developped a fast photo-
metric redshift reconstruction (FPZ hereafter) tool that allows
to quickly compute the photometric redshift for each galaxy.
The FPZ tool is based on true photometric redshift distributions
sorted in bins of true redshift, absolute magnitude and broad
type. We use 121 bins in absolute magnitude M (from -24 to -12
with a step of 0.1), 3 bins in broad type BT (early, late, startburst)
and 61 bins in redshift z (0 to 3 with a step of 0.05) leading to a
total of 21,780 bins. In each bin we simulate several thousands
of photometric data and compute the photometric redshift for
galaxies passing the LSST golden selection cut (imag < 25.3) and
construct P(zp � zs|M, BT, z) distributions. For very low statistic
bins we increase the number of galaxies in order to get relevant
distributions. The FPZ method compute 10 millions of photo-
metric redshift in 1 second while it takes several hundreds of
hours with the whole method, resulting in a gain of CPU of about
1 million.

We have checked that performances of the FPZ tool and the
whole redshift reconstruction are very similar (Ricol et al., in
preparation).

Figure 3 (top left) shows the density of photometric redshift
zp as a function of the true zs redshift. While most of the recon-
structed redshifts lie close to the diagonal, the plane is almost
filled by some “catastrophic” reconstructions (outliers). Each
color step corresponds to a factor 10 in galaxy density, so at least
one thousand times more galaxies lie in the diagonal area than
in the green areas nevertheless.

Figure 3 (top right and bottom left) shows the same distribu-
tion as previously, but after use of the bdt 90% or bdt 80% cut
to reject outliers. Galaxies lying in the diagonal area are mostly
una↵ected while all the space above the diagonale is now almost
completely empty. The part below the diagonal is much cleaner
too. While the BDT cut is always e�cient, it is particularly pow-
erfull at high redshift (above 1.5) where the number of galaxies
with “catastrophic” redshift is reduced by at least 2 orders of
magnitude.

The quality of the photometric redshift reconstruction is
evaluated using estimators used by the LSST collaboration.
These estimators are plotted as a function of the photometric
redshift in Fig. 3 (bottom right). Once a BDT cut is applied,
bdt 80% or bdt 90%, the interquartile range IQR is between
the goal and the requirement and the fraction of outliers fout is
well below the requirement in full redshift range [0.2 - 2.45].
Concerning the bias b, while it is satisfying when zp < 1.5 in all
cases, the use of the bdt 80% cut is mandatory to stay within or
very close to the requirements up to the higher redshifts studied
here.

3.2. Error model statistics and selection functions

Selection functions are computed as the ratio between observed
galaxy redshift distributions (spectroscopic, Gaussian or pho-
tometric), always with the LSST golden selection cut and the
true redshift distribution, of all galaxies (black line of Fig. 2).
Obtained by averaging the 11 individual selection functions
(1 BAO simulation, 10 noBAO simulations) computed for each
type of error on the redshift, the selection functions are shown in

z range 0.2-0.5 0.5-1.0 1.0-1.5 1.5-2.5 0.2-2.5
z = zs 6.9 12.3 5.1 1.4 25.6
z = zp 6.4 12.8 5.1 1.3 25.7
z = zBDT90 5.8 11.9 4.7 0.9 23.3
z = zBDT80 5.1 10.9 4.1 0.6 20.8

Table 1. Number of galaxies per arc-min2 per redshift range. The
LSST golden selection cut is always applied.

ez = (z � zs)/(1 + zs) < 0.02 < 0.06 < 0.05 < 0.15
with z = zp 60.8 % 88.5 % 85.2 % 97 %
with z = zBDT9 64.5 % 92.3 % 89.2 % 99.3 %
with z = zBDT8 67.5 % 94.5 % 91.7 % 99.8 %

Table 2. Fraction of galaxies with ez = (zp � zs)/(1 + zs) lower
than several thresholds for the three photometric error models.
The threshold of 0.02 is the goal, 0.05 is the requirement, 0.15
defines the outliers.

Fig. 4. The selection function in the Gaussian case is not distin-
guishable on this plot from the selection function using spectro-
scopic redshifts.

The main shape, shown by the cyan line, directly reflects
the LSST golden selection cut. The photometric error introduces
some significant distorsions due to redshift reconstruction de-
generacies which can be seen as wiggles on the selection func-
tion. The use of the BDT cut makes the selection flatter as the
number of catastrophic photometric redshifts is drastically re-
duced and the distorsions around the diagonal vanished. The cost
is an additional decrease of the number of usable galaxies, from
2 ‰ to less than 1 ‰ at z = 2 for instance.

A global view of d, the number density of galaxies per Mpc3,
satisfying only the LSST golden selection cut, or satisfying the
BDT cuts too, is provided by the right vertical axis of the top
plot in Fig. 4. Additionnaly, Tab. 1 summarizes the statistics
of galaxy densities integrated on some redshift ranges. The im-
pact of the error model on the galaxy density is driven by the
BDT cut: 10 or 20 % of the galaxies are lost with the bdt 90% or
bdt 80% cuts, by definition. The small di↵erences between the
galaxy densities when spectroscopic or photometric redshift are
considered is more subtil. It is due to some degeneracies at low
redshift and to our simulation incompletude below z = 0.2.

Table 2 gives the fraction of galaxies with relative computed
redshift di↵erence ez lower than some thresholds. As the LSST
requirement is 5 % and the goal is 2 % fractionnal error on the
photometric redshift, columns 2 and 3 give the fraction of galax-
ies which satisfy the goal at 1 or 3� while the columns 4 and 5
give the fraction of galaxies which satisfy the requirement at 1
or 3�. Note that column 5 gives directly the fraction of “good”
galaxies, i.e. galaxies which are not outliers.

4. Computation on the power spectra at different
redshifts

First, galaxies are projected on 3D-grids. Euclidian (x, y, z) axes
are defines with respect to the observer. The cell size is still 8 ⇥
8 ⇥ 8 Mpc. A cut in the (0, x, z) space is drawn in Fig. 5.

The grid widths and thicknesses are a compromise between
a reasonably small redshift range and a su�cient statistics.
Especially at high redshift, the error can be large and so the mar-
gin with respect to the initial cube size (symbolized by the light
yellows slices on Fig. 5) must be su�cient to avoid artificial loss
of galaxies.
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Redshifts: spectroscopic, Gaussian,  
photometric without or with BDT cut (90 or 80%)Adeline Choyer et al.: Impact of photometric redshifts on the BAO scale determination in the LSST survey
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Fig. 3. Distribution of the photometric redshift (zp) as a function of the true (zs) redshift; top left: photometric redshift from the FPZ
method (see sect. 3.1.2), top right: with the bdt 90% cut, bottom left: with the bdt 80% cut. Each color step corresponds to a factor
10 in galaxy density. Bottom right: statistical properties of ez = (zp � zs)/(1 + zs) as a function of zp with (top) IQR, defined as the
interquartile range of ez, (middle) fraction of outliers fout, defined by |ez| > 0.15, (bottom) bias b, defined as the median of ez. Green
lines show the values with the photometric redshifts without any quality cut while the pink (resp. purple) line show the values with
the photometric redshifts with bdt 90% (resp. bdt 80%) cut. The dashed black lines correspond to the LSST requirements (plus the
goal value in the IQR case).

Three set of 5 grids centered at z = 0.5, 0.9 and 1.5 have
been chosen. One grid has its center along the Euclidian z axis
while the others are rotated by 40 degrees in ✓ and scattered at

0, 90, 180, 270 degrees in �. In Fig. 5, one can see the cut of
one rotated grid and half of the central grid represented by thick
colored lines. Table 3 summarizes their main characteristics. The
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Fig. 3. Distribution of the photometric redshift (zp) as a function of the true (zs) redshift; top left: photometric redshift from the FPZ
method (see sect. 3.1.2), top right: with the bdt 90% cut, bottom left: with the bdt 80% cut. Each color step corresponds to a factor
10 in galaxy density. Bottom right: statistical properties of ez = (zp � zs)/(1 + zs) as a function of zp with (top) IQR, defined as the
interquartile range of ez, (middle) fraction of outliers fout, defined by |ez| > 0.15, (bottom) bias b, defined as the median of ez. Green
lines show the values with the photometric redshifts without any quality cut while the pink (resp. purple) line show the values with
the photometric redshifts with bdt 90% (resp. bdt 80%) cut. The dashed black lines correspond to the LSST requirements (plus the
goal value in the IQR case).

Three set of 5 grids centered at z = 0.5, 0.9 and 1.5 have
been chosen. One grid has its center along the Euclidian z axis
while the others are rotated by 40 degrees in ✓ and scattered at

0, 90, 180, 270 degrees in �. In Fig. 5, one can see the cut of
one rotated grid and half of the central grid represented by thick
colored lines. Table 3 summarizes their main characteristics. The
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Very efficient cleaning of the outliers, but the cost is a loss of 20% of the 
galaxies —> what is the most critical for BAO scale ?



LSST requirements on (zs-zp)/(1+zs) & selection function

- simple photoZ in the requirements for 
z< 1.5 (except bias ~ z=0.5) 

- BDT cut allows galaxies up to z=2.45 to 
satisfy the requirements
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Fig. 3. Distribution of the photometric redshift (zp) as a function of the true (zs) redshift; top left: photometric redshift from the FPZ
method (see sect. 3.1.2), top right: with the bdt 90% cut, bottom left: with the bdt 80% cut. Each color step corresponds to a factor
10 in galaxy density. Bottom right: statistical properties of ez = (zp � zs)/(1 + zs) as a function of zp with (top) IQR, defined as the
interquartile range of ez, (middle) fraction of outliers fout, defined by |ez| > 0.15, (bottom) bias b, defined as the median of ez. Green
lines show the values with the photometric redshifts without any quality cut while the pink (resp. purple) line show the values with
the photometric redshifts with bdt 90% (resp. bdt 80%) cut. The dashed black lines correspond to the LSST requirements (plus the
goal value in the IQR case).

Three set of 5 grids centered at z = 0.5, 0.9 and 1.5 have
been chosen. One grid has its center along the Euclidian z axis
while the others are rotated by 40 degrees in ✓ and scattered at

0, 90, 180, 270 degrees in �. In Fig. 5, one can see the cut of
one rotated grid and half of the central grid represented by thick
colored lines. Table 3 summarizes their main characteristics. The
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Fig. 4. Selection functions S F in the redshift range [0.2-2.45],
using the various estimations of the redshift. Top: selection func-
tions defined as the ratio between the number of galaxies present
in the catalog and the number of simulated galaxies. The right
axis allows to directly read these values in terms of galaxy den-
sity d per Mpc�3. Bottom: ratio between the selection functions
and the selection function in the spectroscopic case. No smooth-
ing is applied.

bdt 80% selection cut is responsible for the loss of about 21 %
(resp. 10 and 28 %) of the galaxies in the grid at z = 0.5 (resp.
z = 0.9 and z = 1.5).

The grids are filled using the angular coordinates and the
redshifts of the galaxies. The number of galaxies with a position
corresponding to a given cell, weighted by the inverse of the se-
lection function at the galaxy redshift, is assigned to this pixel.
Figure 6 shows galaxy density contours of two slices crossing
the center of the z = 0.9 central grid. The (x, y) slice con-
tains the tranverse plane and the (z, y) slice contains the line-of-
sight. While density contours are isotropic and small structures
are well contrasted when spectroscopic redshifts are used (left
plots), features appear along the redshift axis and small struc-
tures are maily whipped out when photometric redshift are used
(here bdt 80%). One can also notice that the galaxies are slightly
more clustered around the center than in the corners in the up-
per plots. The redshift range in the corners is [0.8, 1.2] while it
is [0.7, 1.1] along the line-of-sight: the small shift of the mean
redshift induces this tiny radial e↵ect.

The power spectra are presented, directly in Fig. 7 or after
division by the power spectrum obtained with the Gaussian er-
ror model in Fig. 8. The two-point correlation function is often
used, i.e. (Anderson et al., 2012), as it more suited to real cat-
alogs because the space is never fully sampled as stars, for in-
stance, require the use of masks. As the purpose of this work
is to evaluate the impact of the photometric error, computation
is the Fourier space, faster, is well suited. The Gaussian case is
shown to provide, by comparison with the spectroscopic case, an
estimation of the damping of the power spectrum when errors on
the redshift are introduced.

Fig. 5. Schematic view, cut in the (0, x, z) space, of the sim-
ulated cube splitted in 70 slices drawn in light-yellow. The z
axis is the line-of-sight crossing the cube center, slices are in
the (x, z) plane, corresponding to the transverse plane containing
the cube center. The black line defines the field of view with an
opening angle of 60 degrees. The grids on which galaxies are
projected are drawn in blue, orange and red, according to their
central redshift. Dotted lines are iso-redshift lines.

Fig. 6. Galaxy density contours in slices of the grid centered at
z = 0.9. Top : (y, x) plane, bottom : (y, z) plane. Left : with spec-
troscopic redshifts, right : with bdt 80% photometric redshifts.
Slices are 8 comoving Mpc thick (1 cell) and contain the grid
center.
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Selection function:  
- main shape=golden cut 
- photoZ introduce large scale features which 

MUST be properly taken into account



Comparison with LSST requirements

We try to use galaxy 
distribution from that …
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Fig. 4. Selection functions S F in the redshift range [0.2-2.45],
using the various estimations of the redshift. Top: selection func-
tions defined as the ratio between the number of galaxies present
in the catalog and the number of simulated galaxies. The right
axis allows to directly read these values in terms of galaxy den-
sity d per Mpc�3. Bottom: ratio between the selection functions
and the selection function in the spectroscopic case. No smooth-
ing is applied.

bdt 80% selection cut is responsible for the loss of about 21 %
(resp. 10 and 28 %) of the galaxies in the grid at z = 0.5 (resp.
z = 0.9 and z = 1.5).

The grids are filled using the angular coordinates and the
redshifts of the galaxies. The number of galaxies with a position
corresponding to a given cell, weighted by the inverse of the se-
lection function at the galaxy redshift, is assigned to this pixel.
Figure 6 shows galaxy density contours of two slices crossing
the center of the z = 0.9 central grid. The (x, y) slice con-
tains the tranverse plane and the (z, y) slice contains the line-of-
sight. While density contours are isotropic and small structures
are well contrasted when spectroscopic redshifts are used (left
plots), features appear along the redshift axis and small struc-
tures are maily whipped out when photometric redshift are used
(here bdt 80%). One can also notice that the galaxies are slightly
more clustered around the center than in the corners in the up-
per plots. The redshift range in the corners is [0.8, 1.2] while it
is [0.7, 1.1] along the line-of-sight: the small shift of the mean
redshift induces this tiny radial e↵ect.

The power spectra are presented, directly in Fig. 7 or after
division by the power spectrum obtained with the Gaussian er-
ror model in Fig. 8. The two-point correlation function is often
used, i.e. (Anderson et al., 2012), as it more suited to real cat-
alogs because the space is never fully sampled as stars, for in-
stance, require the use of masks. As the purpose of this work
is to evaluate the impact of the photometric error, computation
is the Fourier space, faster, is well suited. The Gaussian case is
shown to provide, by comparison with the spectroscopic case, an
estimation of the damping of the power spectrum when errors on
the redshift are introduced.

Fig. 5. Schematic view, cut in the (0, x, z) space, of the sim-
ulated cube splitted in 70 slices drawn in light-yellow. The z
axis is the line-of-sight crossing the cube center, slices are in
the (x, z) plane, corresponding to the transverse plane containing
the cube center. The black line defines the field of view with an
opening angle of 60 degrees. The grids on which galaxies are
projected are drawn in blue, orange and red, according to their
central redshift. Dotted lines are iso-redshift lines.

Fig. 6. Galaxy density contours in slices of the grid centered at
z = 0.9. Top : (y, x) plane, bottom : (y, z) plane. Left : with spec-
troscopic redshifts, right : with bdt 80% photometric redshifts.
Slices are 8 comoving Mpc thick (1 cell) and contain the grid
center.
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Fig. 4. Selection functions S F in the redshift range [0.2-2.45],
using the various estimations of the redshift. Top: selection func-
tions defined as the ratio between the number of galaxies present
in the catalog and the number of simulated galaxies. The right
axis allows to directly read these values in terms of galaxy den-
sity d per Mpc�3. Bottom: ratio between the selection functions
and the selection function in the spectroscopic case. No smooth-
ing is applied.

bdt 80% selection cut is responsible for the loss of about 21 %
(resp. 10 and 28 %) of the galaxies in the grid at z = 0.5 (resp.
z = 0.9 and z = 1.5).

The grids are filled using the angular coordinates and the
redshifts of the galaxies. The number of galaxies with a position
corresponding to a given cell, weighted by the inverse of the se-
lection function at the galaxy redshift, is assigned to this pixel.
Figure 6 shows galaxy density contours of two slices crossing
the center of the z = 0.9 central grid. The (x, y) slice con-
tains the tranverse plane and the (z, y) slice contains the line-of-
sight. While density contours are isotropic and small structures
are well contrasted when spectroscopic redshifts are used (left
plots), features appear along the redshift axis and small struc-
tures are maily whipped out when photometric redshift are used
(here bdt 80%). One can also notice that the galaxies are slightly
more clustered around the center than in the corners in the up-
per plots. The redshift range in the corners is [0.8, 1.2] while it
is [0.7, 1.1] along the line-of-sight: the small shift of the mean
redshift induces this tiny radial e↵ect.
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division by the power spectrum obtained with the Gaussian er-
ror model in Fig. 8. The two-point correlation function is often
used, i.e. (Anderson et al., 2012), as it more suited to real cat-
alogs because the space is never fully sampled as stars, for in-
stance, require the use of masks. As the purpose of this work
is to evaluate the impact of the photometric error, computation
is the Fourier space, faster, is well suited. The Gaussian case is
shown to provide, by comparison with the spectroscopic case, an
estimation of the damping of the power spectrum when errors on
the redshift are introduced.

Fig. 5. Schematic view, cut in the (0, x, z) space, of the sim-
ulated cube splitted in 70 slices drawn in light-yellow. The z
axis is the line-of-sight crossing the cube center, slices are in
the (x, z) plane, corresponding to the transverse plane containing
the cube center. The black line defines the field of view with an
opening angle of 60 degrees. The grids on which galaxies are
projected are drawn in blue, orange and red, according to their
central redshift. Dotted lines are iso-redshift lines.

Fig. 6. Galaxy density contours in slices of the grid centered at
z = 0.9. Top : (y, x) plane, bottom : (y, z) plane. Left : with spec-
troscopic redshifts, right : with bdt 80% photometric redshifts.
Slices are 8 comoving Mpc thick (1 cell) and contain the grid
center.
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Matter power spectra

• Individual spectra for the 5 grids/redshift 
• SpectroZ well follows theoretical shape  
• Gaussian case (sigma=0.03(1+z)): 

significant damping at scales of interest  
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width, volume Ngal with < Ngal > Ngal with < Ngal > Ngalwith < Ngal >
central mean redshift thickness [Gpc3] spectroZ spectroZ bdt 90% bdt 90% bdt 80% bdt 80%
redshift redshift range [ncell] 1! 5 grids [106] [cell�1] [106] [cell�1] [106] [cell�1]

0.5 0.51 0.36-0.68 120, 125 0.9! 4.6 23.6 13.1 21.1 11.7 18.5 10.3
0.9 0.93 0.72-1.19 225, 125 3.2! 16.2 29.1 4.60 28.5 4.50 26.7 4.22
1.5 1.57 1.16-2.12 320, 175 9.2! 45.9 13.5 0.75 11.9 0.66 9.7 0.54

Table 3. Geometrical description of the grids used for the power spectrum computation and mean number of galaxies falling in one
of the five grids, with and without BDT cut. Grids are made of width ⇥ width ⇥ thickness cubic cells of (8 Mpc)3.

On Fig. 7, one can see the global decrease of the power at
all scales when the redshift increases by comparing the theoreti-
cal shapes for instance (black dashed lines). It is directly linked
to the growth factor as the Universe is more and more organized
with time. The spectra computed using spectroscopic redshift for
the 5 grids at each redshift (cyan curves) well follow the theoret-
ical shapes, but a small damping can be seen, strating around
k = 0.1. It is due to the sampling in cells of 8 Mpc length.
Additionnaly, the damping of the power spectrum produced by
the smearing when Gaussian errors on redshift are introduced is
clearly visible when grey clurves are compraed to the cyan ones.
It starts at scales smaller than 1 Gpc (k ⇡ 0.006) and reaches al-
most one order of magnitude at the BAO scale, around 150 Mpc
(k ⇡ 0.04).

Fig. 7. Power spectra of the galaxy distribution. For each colour,
results obtained from each grid at z =0.5, 0.9 and 1.5 are drawn,
with power decreasing as redshift increases. The colour refers to
the considered photometric error on the redshift.

Power spectra computed from grids filled using the photo-
metric redshift of the galaxies are also computed. In order to
clearly see how these spectra behave, they are divided by the
power spectra obtained using the Gaussian error model on red-
shift with � = 0.03(1 + zs), correspong to IQR ⇡ 0.04, used as a
reference (Fig. 8) and then averaged over the 5 grids.

When the ratio is larger than one, it means that the dispersion
of the photometric redshift is lower than 0.03(1+ zs). It is clearly
the case for the grids centered at z = 0.5 and 0.9, so for redshifts
lower than 1.25, in agreement with Fig. 3. The BDT cut reduces
the photometric redshift dispersion: the higher the cut, the higher
the ratio. Note that the di↵erences are smaller for the grid cen-
tered at z = 0.9 because results are already excellent around this
redshift, so the BDT cut cannot significantly improve it.

The largest scales (lower wavenumber k) are not quantified at
low redshift because the grids centered at z = 0.5 are too small.
They are however large enough to study the BAO scale.

Fig. 8. Ratio of the power spectrum with photometric redshift by
the power spectrum with Gaussian error model on the redshift,
averaged over 5 grids. The colour refers to the considered pho-
tometric error on the redshift.

The case of the grid centered at z = 1.5 is more critical.
The dispersion is around 0.03(1 + zs) as the ratio is close to one:
this is still totally compatible with the requirement. But the ra-
tio are very noisy because the number of galaxies is drastically
reduced with less than one galaxy per cell typically (see Tab. 3).
Nevertheless, the total volume with the 5 grids is large enough
to get a shot-noise dominated area beyond the BAO scale.

4.1. Extraction of the BAO scale

The BAO oscillations are subdominant with respect to the global
matter power spectrum shape. To enhance this baryonic feature
and allow extraction of the BAO scale, it is necessary to divide
the “observed” spectrum by a spectrum computed with a fiducial
cosmology, without BAO oscillations.

In the case of spectroscopic redshifts, one simply use a sim-
ulation of the power spectrum without BAO oscillation to com-
pare with. We do not want to assume any shape of the damp-
ing induced by the smearing produced by photometric redshift
errors. So we cannot use an analytical model as it is done for
Gaussian error model (Glazebrook & Blake, 2005). We have to
compute power spectra from grids filled with galaxies derived
from matter distribution without baryonic oscillation.

4.2. Power spectra without baryonic oscillation

The drawback of this method is that it is time consumming. So
only 10 sets of simulations have been performed.

The power spectra obtained from simulations without bary-
onic oscillation divided by the power spectrum of the fiducial
model, without baryonic oscillation too, Pfid,noBAO are shown in
Fig. 9. The dispersion of the simulated spectra without BAO is
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width, volume Ngal with < Ngal > Ngal with < Ngal > Ngalwith < Ngal >
central mean redshift thickness [Gpc3] spectroZ spectroZ bdt 90% bdt 90% bdt 80% bdt 80%
redshift redshift range [ncell] 1! 5 grids [106] [cell�1] [106] [cell�1] [106] [cell�1]

0.5 0.51 0.36-0.68 120, 125 0.9! 4.6 23.6 13.1 21.1 11.7 18.5 10.3
0.9 0.93 0.72-1.19 225, 125 3.2! 16.2 29.1 4.60 28.5 4.50 26.7 4.22
1.5 1.57 1.16-2.12 320, 175 9.2! 45.9 13.5 0.75 11.9 0.66 9.7 0.54

Table 3. Geometrical description of the grids used for the power spectrum computation and mean number of galaxies falling in one
of the five grids, with and without BDT cut. Grids are made of width ⇥ width ⇥ thickness cubic cells of (8 Mpc)3.

On Fig. 7, one can see the global decrease of the power at
all scales when the redshift increases by comparing the theoreti-
cal shapes for instance (black dashed lines). It is directly linked
to the growth factor as the Universe is more and more organized
with time. The spectra computed using spectroscopic redshift for
the 5 grids at each redshift (cyan curves) well follow the theoret-
ical shapes, but a small damping can be seen, strating around
k = 0.1. It is due to the sampling in cells of 8 Mpc length.
Additionnaly, the damping of the power spectrum produced by
the smearing when Gaussian errors on redshift are introduced is
clearly visible when grey clurves are compraed to the cyan ones.
It starts at scales smaller than 1 Gpc (k ⇡ 0.006) and reaches al-
most one order of magnitude at the BAO scale, around 150 Mpc
(k ⇡ 0.04).

Fig. 7. Power spectra of the galaxy distribution. For each colour,
results obtained from each grid at z =0.5, 0.9 and 1.5 are drawn,
with power decreasing as redshift increases. The colour refers to
the considered photometric error on the redshift.

Power spectra computed from grids filled using the photo-
metric redshift of the galaxies are also computed. In order to
clearly see how these spectra behave, they are divided by the
power spectra obtained using the Gaussian error model on red-
shift with � = 0.03(1 + zs), correspong to IQR ⇡ 0.04, used as a
reference (Fig. 8) and then averaged over the 5 grids.

When the ratio is larger than one, it means that the dispersion
of the photometric redshift is lower than 0.03(1+ zs). It is clearly
the case for the grids centered at z = 0.5 and 0.9, so for redshifts
lower than 1.25, in agreement with Fig. 3. The BDT cut reduces
the photometric redshift dispersion: the higher the cut, the higher
the ratio. Note that the di↵erences are smaller for the grid cen-
tered at z = 0.9 because results are already excellent around this
redshift, so the BDT cut cannot significantly improve it.

The largest scales (lower wavenumber k) are not quantified at
low redshift because the grids centered at z = 0.5 are too small.
They are however large enough to study the BAO scale.

Fig. 8. Ratio of the power spectrum with photometric redshift by
the power spectrum with Gaussian error model on the redshift,
averaged over 5 grids. The colour refers to the considered pho-
tometric error on the redshift.

The case of the grid centered at z = 1.5 is more critical.
The dispersion is around 0.03(1 + zs) as the ratio is close to one:
this is still totally compatible with the requirement. But the ra-
tio are very noisy because the number of galaxies is drastically
reduced with less than one galaxy per cell typically (see Tab. 3).
Nevertheless, the total volume with the 5 grids is large enough
to get a shot-noise dominated area beyond the BAO scale.

4.1. Extraction of the BAO scale

The BAO oscillations are subdominant with respect to the global
matter power spectrum shape. To enhance this baryonic feature
and allow extraction of the BAO scale, it is necessary to divide
the “observed” spectrum by a spectrum computed with a fiducial
cosmology, without BAO oscillations.

In the case of spectroscopic redshifts, one simply use a sim-
ulation of the power spectrum without BAO oscillation to com-
pare with. We do not want to assume any shape of the damp-
ing induced by the smearing produced by photometric redshift
errors. So we cannot use an analytical model as it is done for
Gaussian error model (Glazebrook & Blake, 2005). We have to
compute power spectra from grids filled with galaxies derived
from matter distribution without baryonic oscillation.

4.2. Power spectra without baryonic oscillation

The drawback of this method is that it is time consumming. So
only 10 sets of simulations have been performed.

The power spectra obtained from simulations without bary-
onic oscillation divided by the power spectrum of the fiducial
model, without baryonic oscillation too, Pfid,noBAO are shown in
Fig. 9. The dispersion of the simulated spectra without BAO is
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• mean ratio (PS photoZ / PS Gaussian) 
• if > 1—> equivalent sigma < 0.03  

• Cosmic variance at lowest scales 
(especially @z=0.5) 

• Shot-noise at large scales @z=1.5 (too 
few galaxies)



Reference: simulations without BAO oscillations
Simulation of 10 “universe” without BAO oscillations to properly take into account damping 
and more subtil impact of the photoZ

• 5x10 spectra for reference / redshift 

• Cosmic variance not negligible at 
BAO scale @z=0.5 

• Shot-noise starts to dominate juste 
after the BAO scale @z=1.5
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rather small, so this number of 10 sets is reasonnable to expect a
reliable result.

Dotted lines represent the raw power spectra PnoBAO while
full lines represents the matter power spectrum computed as
PnoBAO�PSNnoBAO where S N denotes the shot-noise. So the shot-
noise e↵ect can be directly seen as the di↵erence between sets
of dotted and full lines in Fig. 9.

Fig. 9. Ratio of each of the 10 power spectra from simulations
without baryonic oscillation by their mean value for each grid.
Dotted lines show the raw power spectra, full lines show the
power spectra after subtraction of the shot-noise contribution.
The colours refer to the grid central redshift. Top: spectroscopic
redshift; middle: photometric redshift error model; bootom: pho-
tometric redshift error model with bdt 80% cut. Only the central
grids are used for these plots.

Several conclusions can be derived from these plots:

– The shot-noise is negligible at all scales for the grid centered
at z = 0.5 (dotted blue lines are mainly hidden by the full
blue lines) and negligible around the BAO scale (k ⇡ 0.04 �
0.05) for the grid centered at z = 0.9 (orange curves). But the
shot-noise is a significant part of the total power, already at
the BAO scale, for the grid centered at z = 1.5 (red curves).

– With the spectroscopic redshift (Fig. 9 top) the slight damp-
ing above k ⇡ 0.1 is due to the discretisation of the galaxy
field in grid with cell width of 8 Mpc. This smearing a↵ects
similarly all grids, but is hidden once errors on the redshift
are considered.

– With realistic errors on the photometric redshift, (Fig. 9,
middle). The damping is due to the dispersion of the pho-
tometric redshift with � = [0.02 � 0.03] ⇥ (1 + zs), which

corresponds to � ⇡ 50 comoving Mpc at all redshifts. Far
to be negligeable with respect to the BAO scale of 150 Mpc,
this error induces a significant loss of power in the oscillat-
ing area. Some di↵erencies between the grids are seen be-
cause the mean photometric redshift dispersion depends on
the redshift.

– The main impact of the bdt 80% cut is a significant increase
of the shot-noise for the power spectrum computed from the
grid centered at z = 1.5 due to the decrease of the galaxy
number density. It is visible as an increase of the total power
spectrum (red dotted lines) in Fig. 9, bottom). It induces an
increase of the noise of the matter power spectrum (full red
lines).

The oscillating part Posc of the power spectrum can be simply
retrieved with:

Posc(k) =
*

PBAO igrid(k) � PSN(k)
D
PnoBAO igrid, isim(k) � PSN(k)

E
Nsim

+

Ngrid

(1)

where the indices igrid and isim refer to the grids
(Ngrid = 5) and to the number of simulations with
noBAO simulations (Nsim = 10). The power spectra P are di-
rectly computed by Fourier transform from their corresponding
grids filled with galaxies or with Poisson noise with the same
mean density as the galaxy-filled grids.

The errors associated to this ratio are given by:

�osc(k) =
2⇡ ⇥ c
k
p

V�k
⇥ PBAO(k) + PSN(k)

PnoBAO(k)
(2)

�(k) =
*
�BAO igrid(k) ⇥ Pfid, noBAO(k)

D
PnoBAO igrid, isim(k)

E
Nsim

+

Ngrid

⇥ 1
p

Ngrid
.

(3)
The theoretical power spectrum Pfid, noBAO is computed at the

grid center redshift. The error associated to each power spectrum
is defined by:

where V is the volume of one grid and c is a coe�cient cor-
recting the spectrum from the fact that cells with negative den-
sity fluctuations are set with null density fluctuations. This coef-
ficient is computed as

c = d2 ⇥ Praw cells/Pcut cells. (4)

with d the mean density computed over the grid of density
fluctuations, Praw cells the power spectrum of the initial grid filled
with density fluctuations and Pcut cells the power spectrum of this
grid once cells with negative values have been set to 0. As the
grids are normalized, d is very close to 1; we get c ⇡ 1.1.

4.3. Extraction of the BAO scale

The oscillating spectrum is fitted by the usual “Wiggle only”
method, with only one free parameter, wich aims at recovering
only kA, the acoustic peak wavenumber (Glazebrook & Blake,
2005). A �2 minimisation leads to kA estimation using the fol-
lowing function:

Pwiggle = 1 + 2.5 ⇤ k ⇤ exp

2
666664�

 
k

0.1h

!1.43777775 ⇤ sin
 
2⇡

k
kA

!
(5)

where h is the reduced Hubble constant today (Glazebrook
& Blake, 2005).
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width, volume Ngal with < Ngal > Ngal with < Ngal > Ngalwith < Ngal >
central mean redshift thickness [Gpc3] spectroZ spectroZ bdt 90% bdt 90% bdt 80% bdt 80%
redshift redshift range [ncell] 1! 5 grids [106] [cell�1] [106] [cell�1] [106] [cell�1]

0.5 0.51 0.36-0.68 120, 125 0.9! 4.6 23.6 13.1 21.1 11.7 18.5 10.3
0.9 0.93 0.72-1.19 225, 125 3.2! 16.2 29.1 4.60 28.5 4.50 26.7 4.22
1.5 1.57 1.16-2.12 320, 175 9.2! 45.9 13.5 0.75 11.9 0.66 9.7 0.54

Table 3. Geometrical description of the grids used for the power spectrum computation and mean number of galaxies falling in one
of the five grids, with and without BDT cut. Grids are made of width ⇥ width ⇥ thickness cubic cells of (8 Mpc)3.

On Fig. 7, one can see the global decrease of the power at
all scales when the redshift increases by comparing the theoreti-
cal shapes for instance (black dashed lines). It is directly linked
to the growth factor as the Universe is more and more organized
with time. The spectra computed using spectroscopic redshift for
the 5 grids at each redshift (cyan curves) well follow the theoret-
ical shapes, but a small damping can be seen, strating around
k = 0.1. It is due to the sampling in cells of 8 Mpc length.
Additionnaly, the damping of the power spectrum produced by
the smearing when Gaussian errors on redshift are introduced is
clearly visible when grey clurves are compraed to the cyan ones.
It starts at scales smaller than 1 Gpc (k ⇡ 0.006) and reaches al-
most one order of magnitude at the BAO scale, around 150 Mpc
(k ⇡ 0.04).

Fig. 7. Power spectra of the galaxy distribution. For each colour,
results obtained from each grid at z =0.5, 0.9 and 1.5 are drawn,
with power decreasing as redshift increases. The colour refers to
the considered photometric error on the redshift.

Power spectra computed from grids filled using the photo-
metric redshift of the galaxies are also computed. In order to
clearly see how these spectra behave, they are divided by the
power spectra obtained using the Gaussian error model on red-
shift with � = 0.03(1 + zs), correspong to IQR ⇡ 0.04, used as a
reference (Fig. 8) and then averaged over the 5 grids.

When the ratio is larger than one, it means that the dispersion
of the photometric redshift is lower than 0.03(1+ zs). It is clearly
the case for the grids centered at z = 0.5 and 0.9, so for redshifts
lower than 1.25, in agreement with Fig. 3. The BDT cut reduces
the photometric redshift dispersion: the higher the cut, the higher
the ratio. Note that the di↵erences are smaller for the grid cen-
tered at z = 0.9 because results are already excellent around this
redshift, so the BDT cut cannot significantly improve it.

The largest scales (lower wavenumber k) are not quantified at
low redshift because the grids centered at z = 0.5 are too small.
They are however large enough to study the BAO scale.

Fig. 8. Ratio of the power spectrum with photometric redshift by
the power spectrum with Gaussian error model on the redshift,
averaged over 5 grids. The colour refers to the considered pho-
tometric error on the redshift.

The case of the grid centered at z = 1.5 is more critical.
The dispersion is around 0.03(1 + zs) as the ratio is close to one:
this is still totally compatible with the requirement. But the ra-
tio are very noisy because the number of galaxies is drastically
reduced with less than one galaxy per cell typically (see Tab. 3).
Nevertheless, the total volume with the 5 grids is large enough
to get a shot-noise dominated area beyond the BAO scale.

4.1. Extraction of the BAO scale

The BAO oscillations are subdominant with respect to the global
matter power spectrum shape. To enhance this baryonic feature
and allow extraction of the BAO scale, it is necessary to divide
the “observed” spectrum by a spectrum computed with a fiducial
cosmology, without BAO oscillations.

In the case of spectroscopic redshifts, one simply use a sim-
ulation of the power spectrum without BAO oscillation to com-
pare with. We do not want to assume any shape of the damp-
ing induced by the smearing produced by photometric redshift
errors. So we cannot use an analytical model as it is done for
Gaussian error model (Glazebrook & Blake, 2005). We have to
compute power spectra from grids filled with galaxies derived
from matter distribution without baryonic oscillation.

4.2. Power spectra without baryonic oscillation

The drawback of this method is that it is time consumming. So
only 10 sets of simulations have been performed.

The power spectra obtained from simulations without bary-
onic oscillation divided by the power spectrum of the fiducial
model, without baryonic oscillation too, Pfid,noBAO are shown in
Fig. 9. The dispersion of the simulated spectra without BAO is
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BAO scale and errors

Shot-noise: from grids filled by Poisson distribution or theoretical expectation ?

• theoretical value significantly lower 
the PS of the shot-noise grids 

• very noisy at low scales, low z  

—> includes cosmic variance  
—> rises above k~0.1 (8 Mpc-cell size 
impact) 

==> use of theoretical shot noise
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rather small, so this number of 10 sets is reasonnable to expect a
reliable result.

Dotted lines represent the raw power spectra PnoBAO while
full lines represents the matter power spectrum computed as
PnoBAO�PSNnoBAO where S N denotes the shot-noise. So the shot-
noise e↵ect can be directly seen as the di↵erence between sets
of dotted and full lines in Fig. 9.

Fig. 9. Ratio of each of the 10 power spectra from simulations
without baryonic oscillation by their mean value for each grid.
Dotted lines show the raw power spectra, full lines show the
power spectra after subtraction of the shot-noise contribution.
The colours refer to the grid central redshift. Top: spectroscopic
redshift; middle: photometric redshift error model; bootom: pho-
tometric redshift error model with bdt 80% cut. Only the central
grids are used for these plots.

Several conclusions can be derived from these plots:

– The shot-noise is negligible at all scales for the grid centered
at z = 0.5 (dotted blue lines are mainly hidden by the full
blue lines) and negligible around the BAO scale (k ⇡ 0.04 �
0.05) for the grid centered at z = 0.9 (orange curves). But the
shot-noise is a significant part of the total power, already at
the BAO scale, for the grid centered at z = 1.5 (red curves).

– With the spectroscopic redshift (Fig. 9 top) the slight damp-
ing above k ⇡ 0.1 is due to the discretisation of the galaxy
field in grid with cell width of 8 Mpc. This smearing a↵ects
similarly all grids, but is hidden once errors on the redshift
are considered.

– With realistic errors on the photometric redshift, (Fig. 9,
middle). The damping is due to the dispersion of the pho-
tometric redshift with � = [0.02 � 0.03] ⇥ (1 + zs), which

corresponds to � ⇡ 50 comoving Mpc at all redshifts. Far
to be negligeable with respect to the BAO scale of 150 Mpc,
this error induces a significant loss of power in the oscillat-
ing area. Some di↵erencies between the grids are seen be-
cause the mean photometric redshift dispersion depends on
the redshift.

– The main impact of the bdt 80% cut is a significant increase
of the shot-noise for the power spectrum computed from the
grid centered at z = 1.5 due to the decrease of the galaxy
number density. It is visible as an increase of the total power
spectrum (red dotted lines) in Fig. 9, bottom). It induces an
increase of the noise of the matter power spectrum (full red
lines).

The oscillating part Posc of the power spectrum can be simply
retrieved with:

Posc(k) =
*

PBAO igrid(k) � PSN(k)
D
PnoBAO igrid, isim(k) � PSN(k)

E
Nsim

+

Ngrid

(1)

where the indices igrid and isim refer to the grids
(Ngrid = 5) and to the number of simulations with
noBAO simulations (Nsim = 10). The power spectra P are di-
rectly computed by Fourier transform from their corresponding
grids filled with galaxies or with Poisson noise with the same
mean density as the galaxy-filled grids.

The errors associated to this ratio are given by:

�osc(k) =
2⇡ ⇥ c
k
p

V�k
⇥ PBAO(k) + PSN(k)

PnoBAO(k)
(2)
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*
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D
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E
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⇥ 1
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.

(3)
The theoretical power spectrum Pfid, noBAO is computed at the

grid center redshift. The error associated to each power spectrum
is defined by:

where V is the volume of one grid and c is a coe�cient cor-
recting the spectrum from the fact that cells with negative den-
sity fluctuations are set with null density fluctuations. This coef-
ficient is computed as

c = d2 ⇥ Praw cells/Pcut cells. (4)

with d the mean density computed over the grid of density
fluctuations, Praw cells the power spectrum of the initial grid filled
with density fluctuations and Pcut cells the power spectrum of this
grid once cells with negative values have been set to 0. As the
grids are normalized, d is very close to 1; we get c ⇡ 1.1.

4.3. Extraction of the BAO scale

The oscillating spectrum is fitted by the usual “Wiggle only”
method, with only one free parameter, wich aims at recovering
only kA, the acoustic peak wavenumber (Glazebrook & Blake,
2005). A �2 minimisation leads to kA estimation using the fol-
lowing function:

Pwiggle = 1 + 2.5 ⇤ k ⇤ exp

2
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where h is the reduced Hubble constant today (Glazebrook
& Blake, 2005).
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rather small, so this number of 10 sets is reasonnable to expect a
reliable result.

Dotted lines represent the raw power spectra PnoBAO while
full lines represents the matter power spectrum computed as
PnoBAO�PSNnoBAO where S N denotes the shot-noise. So the shot-
noise e↵ect can be directly seen as the di↵erence between sets
of dotted and full lines in Fig. 9.

Fig. 9. Ratio of each of the 10 power spectra from simulations
without baryonic oscillation by their mean value for each grid.
Dotted lines show the raw power spectra, full lines show the
power spectra after subtraction of the shot-noise contribution.
The colours refer to the grid central redshift. Top: spectroscopic
redshift; middle: photometric redshift error model; bootom: pho-
tometric redshift error model with bdt 80% cut. Only the central
grids are used for these plots.

Several conclusions can be derived from these plots:

– The shot-noise is negligible at all scales for the grid centered
at z = 0.5 (dotted blue lines are mainly hidden by the full
blue lines) and negligible around the BAO scale (k ⇡ 0.04 �
0.05) for the grid centered at z = 0.9 (orange curves). But the
shot-noise is a significant part of the total power, already at
the BAO scale, for the grid centered at z = 1.5 (red curves).

– With the spectroscopic redshift (Fig. 9 top) the slight damp-
ing above k ⇡ 0.1 is due to the discretisation of the galaxy
field in grid with cell width of 8 Mpc. This smearing a↵ects
similarly all grids, but is hidden once errors on the redshift
are considered.

– With realistic errors on the photometric redshift, (Fig. 9,
middle). The damping is due to the dispersion of the pho-
tometric redshift with � = [0.02 � 0.03] ⇥ (1 + zs), which

corresponds to � ⇡ 50 comoving Mpc at all redshifts. Far
to be negligeable with respect to the BAO scale of 150 Mpc,
this error induces a significant loss of power in the oscillat-
ing area. Some di↵erencies between the grids are seen be-
cause the mean photometric redshift dispersion depends on
the redshift.

– The main impact of the bdt 80% cut is a significant increase
of the shot-noise for the power spectrum computed from the
grid centered at z = 1.5 due to the decrease of the galaxy
number density. It is visible as an increase of the total power
spectrum (red dotted lines) in Fig. 9, bottom). It induces an
increase of the noise of the matter power spectrum (full red
lines).

The oscillating part Posc of the power spectrum can be simply
retrieved with:

Posc(k) =
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PBAO igrid(k) � PSN(k)
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PnoBAO igrid, isim(k) � PSN(k)
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where the indices igrid and isim refer to the grids
(Ngrid = 5) and to the number of simulations with
noBAO simulations (Nsim = 10). The power spectra P are di-
rectly computed by Fourier transform from their corresponding
grids filled with galaxies or with Poisson noise with the same
mean density as the galaxy-filled grids.

The errors associated to this ratio are given by:
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The theoretical power spectrum Pfid, noBAO is computed at the

grid center redshift. The error associated to each power spectrum
is defined by:

where V is the volume of one grid and c is a coe�cient cor-
recting the spectrum from the fact that cells with negative den-
sity fluctuations are set with null density fluctuations. This coef-
ficient is computed as

c = d2 ⇥ Praw cells/Pcut cells. (4)

with d the mean density computed over the grid of density
fluctuations, Praw cells the power spectrum of the initial grid filled
with density fluctuations and Pcut cells the power spectrum of this
grid once cells with negative values have been set to 0. As the
grids are normalized, d is very close to 1; we get c ⇡ 1.1.

4.3. Extraction of the BAO scale

The oscillating spectrum is fitted by the usual “Wiggle only”
method, with only one free parameter, wich aims at recovering
only kA, the acoustic peak wavenumber (Glazebrook & Blake,
2005). A �2 minimisation leads to kA estimation using the fol-
lowing function:

Pwiggle = 1 + 2.5 ⇤ k ⇤ exp
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where h is the reduced Hubble constant today (Glazebrook
& Blake, 2005).
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—> c ~ 1

sigma_P(k) = C/k * ( (PBAO(k) - PSN) + PSN) / (PnoBAO(k) - PSN)) 

C/k = 

Adeline Choyer et al.: Impact of photometric redshifts on the BAO scale determination in the LSST survey

rather small, so this number of 10 sets is reasonnable to expect a
reliable result.

Dotted lines represent the raw power spectra PnoBAO while
full lines represents the matter power spectrum computed as
PnoBAO�PSNnoBAO where S N denotes the shot-noise. So the shot-
noise e↵ect can be directly seen as the di↵erence between sets
of dotted and full lines in Fig. 9.

Fig. 9. Ratio of each of the 10 power spectra from simulations
without baryonic oscillation by their mean value for each grid.
Dotted lines show the raw power spectra, full lines show the
power spectra after subtraction of the shot-noise contribution.
The colours refer to the grid central redshift. Top: spectroscopic
redshift; middle: photometric redshift error model; bootom: pho-
tometric redshift error model with bdt 80% cut. Only the central
grids are used for these plots.

Several conclusions can be derived from these plots:

– The shot-noise is negligible at all scales for the grid centered
at z = 0.5 (dotted blue lines are mainly hidden by the full
blue lines) and negligible around the BAO scale (k ⇡ 0.04 �
0.05) for the grid centered at z = 0.9 (orange curves). But the
shot-noise is a significant part of the total power, already at
the BAO scale, for the grid centered at z = 1.5 (red curves).
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ing above k ⇡ 0.1 is due to the discretisation of the galaxy
field in grid with cell width of 8 Mpc. This smearing a↵ects
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cause the mean photometric redshift dispersion depends on
the redshift.
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of the shot-noise for the power spectrum computed from the
grid centered at z = 1.5 due to the decrease of the galaxy
number density. It is visible as an increase of the total power
spectrum (red dotted lines) in Fig. 9, bottom). It induces an
increase of the noise of the matter power spectrum (full red
lines).
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The theoretical power spectrum Pfid, noBAO is computed at the

grid center redshift. The error associated to each power spectrum
is defined by:
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recting the spectrum from the fact that cells with negative den-
sity fluctuations are set with null density fluctuations. This coef-
ficient is computed as

c = d2 ⇥ Praw cells/Pcut cells. (4)

with d the mean density computed over the grid of density
fluctuations, Praw cells the power spectrum of the initial grid filled
with density fluctuations and Pcut cells the power spectrum of this
grid once cells with negative values have been set to 0. As the
grids are normalized, d is very close to 1; we get c ⇡ 1.1.

4.3. Extraction of the BAO scale

The oscillating spectrum is fitted by the usual “Wiggle only”
method, with only one free parameter, wich aims at recovering
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P_osc(k) = (PBAO(k) - PSN ) / (PnoBAO(k) - PSN)) 
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Fig. 10. Fit of the BAO scale kA. From top to bottom, results obtained with the grids centered at z = 0.5, 0.9. and 1.5. From left
to right, spectra obtained considering spectroscopic redshifts or photometric redshift, with or without bdt 80%. “Measured” points
are drawn with a color code linked to the error model considered. The black dotted lines are the theoretical shape from the fiducial
model while colored lines are the fitted oscillations using the simple “Wiggle only” description.

spectroscopic redshift Gaussian model error photometric error model photometric error model photometric error model
i.e. no error � = 0.03(1 + zs) with bdt 90% cut with bdt 80% cut

z = 0.5 s = 147.1 ± 7.3 s = 145.7 ± 16.1 s = 145.0 ± 13.8 s = 143.7 ± 13.8 s = 143.0 ± 11.5
(�2 = 4.9, kmax = 0.16) (�2 = 4.3, kmax = 0.14) �2 = 4.3, kmax = 0.14) �2 = 4.4, kmax = 0.14) (�2 = 3.4, kmax = 0.12)

z = 0.9 s = 150.6 ± 3.3 s = 150.6 ± 10.1 s = 149.9 ± 8.2 s = 149.2 ± 8.8 s = 149.2 ± 8.3
(�2 = 10.0, kmax = 0.16) (�2 = 2.5, kmax = 0.14) �2 = 2.7, kmax = 0.14) �2 = 3.0, kmax = 0.14) (�2 = 2.9, kmax = 0.12)

z = 1.5 s = 150.6 ± 5 s = 149.2 ± 25.2 s = 160.7 ± 31.9 s = 147.8 ± 23.9 s = 145.0 ± 22.3
(�2 = 5.5, kmax = 0.16) (�2 = 0.6, kmax = 0.14) (�2 = 0.4, kmax = 0.14) �2 = 0.5, kmax = 0.14) (�2 = 0.5, kmax = 0.12)

Table 4. Fitted values of the BAO scale s in Mpc defined by s = 2⇡/ka at di↵erent redshifts and for various errors on the redshift.
The value between parentheses is the �2 of the fit computed within the wavenumber range 0.02  k  kmax.

The fitted values of kA are listed in Tab. 4 and the fitted
Wiggle function as well as the 1� error box on the BAO scale kA
are superimposed on the data on Fig.10.

When we fit the BAO scale, we restrict the used part of the
power spectrum. To limit the impact of the cosmic variance, only
modes with k � 0.02 Mpc�1 are used. To limit the impact of the
shot-noise on small scales, we only use wavenumbers lower than
a threshold chosen as a function of the redshift and of the error
model. The value of this threshold, ranging from 0.12 to 0.20, is
written in Tab. 4.

The BAO scale appears to be a very robust estimator. While
the error on the BAO scale is increased by a factor of 40 to 100 %
depending on the grid redshift and on the applied BDT cut, the

value of kA is underestimated by less than 1� when photometric
redshifts are used, even around z = 1.5.

4.4. Sensitivity to “catastrophic” galaxies and to the bias

We have chosen to visualize on Fig. 11 the impact of the bias or
of the “catastrophic” galaxies (i.e. with |zs � zp|/(1 + zs) > 0.15)
by comparing the oscillations power spectra computed using the
matter power spectrum of the mock catalog divided by the mean
power spectrum in the noBAO simulations case with several as-
sumptions:

9

1-parameter fit: only BAO scale (TBD Stéphane’s improved function) 
really nice @ z=0.9 !



Current results

• reasonable in spectroZ 
• nice @ z=0.9 
• still not very good (!) @ 

z=0.5 & z=1.5 in photoZ
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– reference case, all galaxies are used with their photometric
redshift (full lines),

– bias-corrected photometric redshift using the bias distribu-
tion shown in Fig. 3 (dashed lines),

– “catastrophic” galaxies are not projected on the grids (dotted
lines).

Fig. 11. Oscillations power spectra computing as the ratio be-
tween matter power spectrum of the mock catalog divided by the
mean power spectrum in the noBAO simulations case computed
with photometric redshift of all galaxies (full lines), with bias-
corrected photometric redshift (dashed lines) or without “catas-
trophic” galaxies (dotted lines). Spectra are shifted for clarity for
each case (grids centered at z = 0.5 or z = 1.5, use of photomet-
ric redshift with or without the bdt 80% cut). The thick yellow
curves show the theoretical shape of the oscillations.

The full lines follow better the expected theoretical shape
because the same systematic e↵ects are taken into account in
the mock catalog and in the simulations used to estimate the
noBAO simulations power spectra. If the number of “catas-
trophic” galaxies is not properly estimated, it will add some
noise: these badly located galaxies act as shot-noise as it can be
seen by comparing dotted and full lines, especially in the z = 1.5
with photometric redshift case. The use of the bdt 80% cut,
by drastically decreasing the nomber of outliers far below the
requirement, is very e�cient. Note that the simple photomet-
ric redshift distribution already satisfied the requirement on the
number of outliers. This requirement may be not constraining
enough, at least for the matter power spectrum measurement. On
the contrary, an excess of shot-noise compared to the measured
galaxy density can indicate a few percents of “catastrophic”
galaxies.

The impact of the bias can be seen as the di↵erence between
dashed and full lines on Fig. 11. The e↵ect is never totally neg-
ligeable and the bdt 80% cut has a smaller e↵ect on this system-
atic e↵ect than on the number of outliers. The noise increase due
to the decrease of the number of galaxies even over-compensate
the positive impact on the bias itself at high redshift (grid cen-
tered at z = 0.5). The mean value value of the bias for the low
redshift grids slightly exceeds the requirement and e↵ectively
the first oscillation around k = 0.05 is wiped out by large-scales
features introduced by the bias. So it is mandatory to follow the
requirement on the bias, and to be as low and flat as possible in

order to keep a good reconstruction of the BAO scale. On the
contrary, noise at low wavenumbers only could be a signature of
biased photometric redshifts.

4.4.1. Sensitivity to the selection function

On Fig. 12, one can see the impact of the selection function
by comparing the oscillations power spectra computed using the
matter power spectrum of the mock catalog divided by the mean
power spectrum in the noBAO simulations case with two as-
sumptions:

– use of the selection function computed using zp or zBDT80
(full lines),

– use of the selection function computed using zs (dotted
lines).

Fig. 12. Oscillations power spectra computed as the ratio be-
tween matter power spectrum of the mock catalog divided by
the mean power spectrum in the noBAO simulations case com-
puted with the selection function computed using zp or zBDT80
(full lines) or with the selection function computed using zs (dot-
ted lines). Spectra are shifted for clarity for each case (grids cen-
tered at z = 0.5 or z = 1.5, use of photometric redshift with
or without the bdt 80% cut). The thick yellow curves show the
theoretical shape of the oscillations.

At low redshift, the impact is moderate and the use of the
BDT cut only slightly improve the result. On the contrary, for the
grid centered at z = 1.5, the oscillations are completely wiped
out by the large scale structures introduced by the wrong selec-
tion function on the noBAO simulations spectrum. The result is
even worse when the bdt 80% cut is applied due to the significant
loss of galaxies. So a precise knowledge of the selection func-
tion is mandatory to retrieve the BAO scale when photometric
redshift are used, especially at high redshift where the weighting
is very important.

5. Conclusion and perspectives

LSST trop top !

Acknowledgements.
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If the reference (without BAO) is 
computed without taking properly into 
account bias or catastrophic galaxies, 
it impacts the results 
—> way to check photoZ properties

spectroZ 
     iz = 0.5  s =  147.1 ±    1.5        iz = 0.9    s =  150.6 ±    0.8       iz = 1.5  s =  150.6 ±    1.0    

photoZ 
     iz = 0.5  s =  143.0 ±    2.5    iz = 0.9   s =  150.6 ±    1.4     iz = 1.5  s =  161.6 ±    1.2   

photoZ BDT 80% 
     iz = 0.5   s =  144.3 ±    2.4    iz = 0.9   s =  149.2 ±    0.8   iz = 1.5    s =  202.6 ±    1.3   

W
ork in progress



Future
• Improvement of the cosmological simulation (first step) to allow use of CAMEL as last step 

• Use of spherical power spectrum to use shell instead of grids —> lower cosmic variance, 
more galaxies, much better conceptually 

• more realistic: masks, stars impact 

• use of the “full” spectrum (not only BAO scale) 

This paper
• add plot + text to explain the galaxy density wrt the Science book (if we are totally 

confident) 

• try improved fit to better recover BAO scale with photoZ (but spectra noisy …) 

• (variance cosmic using simulations: grid shape) 

• write the conclusion ! 


