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Radial	  issues	  

•  Decoupled	  from	  angular	  selecBon:	  
–  One	  average	  N(z)	  for	  all	  (simplest	  possible	  case).	  
–  Worry	  about	  photo-‐zs.	  
–  Wrong	  redshiLs.	  
	  

•  Coupled	  to	  angular	  selecBon	  



Need	  redshi8s 	  	  

•  Spectroscopic	  or	  photometric	  redshiLs	  (photo-‐zs).	  
•  Photo-‐zs	  also	  require	  spec-‐zs	  –	  for	  calibraBon.	  
•  Spec-‐zs,	  require	  photometric	  pre-‐selecBon.	  

Spectroscopic	  Issues	  	  
•  Incompleteness	  
•  Failures	  (wrong	  redshiLs)	  
•  Sample	  variance	  (for	  photo-‐z	  calibraBon).	  



Radial	  spec-‐z	  issues	  for	   	  surveys	  

Example	  -‐	  Wigglez	  

10 Blake et al.

shift. The Hβ and Hα lines are observable for the ranges
z < 0.95 and z < 0.45, respectively. At relatively high red-
shifts the galaxy emission lines must be identified against a
background of noisy sky emission lines. Despite these diffi-
culties, we can gain some confidence in single-line redshifts
based on [OII] either through detection of the doublet, which
is marginally possible with our spectral resolution for galax-
ies lying at z > 0.8, or by eliminating other solutions by
failure to detect [OII] at lower wavelengths in cleaner parts
of the spectrum.

We assign quality flags from Q = 1 (lowest) to Q = 5
(highest) for each WiggleZ redshift based on the confidence
of our measurement. Redshifts with quality Q ≥ 3 are con-
sidered “reliable” and used in our analysis. Redshifts with
quality Q ≥ 4 are based on multiple emission lines and are
very secure. Galaxies with redshifts based on noisy data or
single emission lines are assigned Q = 3. The fraction of
reliable redshifts with Q = 3 is approximately one-third.

Some fraction of WiggleZ redshifts will be blunders. We
distinguish two types of redshift blunder for the purposes of
our analysis. Firstly, a galaxy emission line may be mis-
identified as another, incorrect, emission line. In our power
spectrum measurement this represents (approximately) a
convolution of the galaxy density field whereby structures at
a given redshift are coherently copied to a second redshift.
Secondly, a night-sky emission line may be mis-identified
as a galaxy emission line. As there are a large number of
night-sky emission lines available for mis-identification, this
effectively corresponds to a randomizing of the galaxy den-
sity field through the addition of objects whose positions are
uncorrelated with the underlying density.

We studied the redshift blunder rate through a pro-
gramme of repeat observations. In each survey pointing we
assigned a small number of spectrograph fibres (typically
3-5) to galaxies which have already been assigned redshifts
with quality Q ≥ 3. We define two redshifts as inconsistent
if they differ by ∆z > 0.002 (the typical redshift error for
our spectra is ∆z = 0.0005 or 100 km s−1).

We find that pairs of repeat galaxy redshifts which both
possess quality Q ≥ 4 disagree in 2% of cases. Assuming that
one of the pair of inconsistent values is the correct redshift,
this implies that the blunder rate for the set of Q ≥ 4 red-
shifts is 1%. Pairs of repeat redshifts which both possess
Q = 3 disagree in 31± 2% of cases. However, we can obtain
a larger statistical sample for analysis if we consider pairs
composed of Q = 3 and Q ≥ 4 redshifts, supposing that
the higher quality redshift is the correct value. Under this
method we find that the blunder rate of Q = 3 redshifts
is 17 ± 1%, in good agreement with the internal blunder
rate for Q = 3 pairs. Given that approximately one-third
of reliable redshifts are assigned Q = 3, the overall blunder
rate for the WiggleZ survey is about 5%. However, we must
carefully quantify the redshift blunders in more detail in or-
der to obtain an unbiased measurement of the galaxy power
spectrum.

In Figure 11 we illustrate the fraction of redshift blun-
ders resulting from the mis-identification of an emission line
with a second, incorrect, emission line by plotting the distri-
bution of values of (1 + z1)/(1 + z2) for inconsistent repeat
redshifts composed of Q = 3 and Q ≥ 4 pairs. The val-
ues of (z1, z2) are the redshifts of the Q = 3 and Q ≥ 4
spectra, respectively. This histogram reveals three signifi-

Figure 11. Distribution of values of (1 + z1)/(1 + z2) for incon-
sistent repeat redshifts derived from pairs of spectra with quality
flags Q = 3 (redshift z1) and Q ≥ 4 (redshift z2). The vertical
lines indicate the ratios expected in the cases where Hβ, [OIII]
and Hα are mis-identified as [OII].

cant spikes corresponding to the mis-identification of Hβ,
[OIII] 5007Å and Hα as [OII]. Approximately 30% of red-
shift blunders correspond to this type of mis-identification;
the correct redshift in such cases is typically lower than the
blunder redshift.

Figure 12 plots the distribution of redshift blunders not
contained in the three spikes in Figure 11. This type of blun-
der, comprising about 70% of all blunders, corresponds to
mis-identification of sky emission lines as [OII]. In Figure
12 we have also fitted a model for the redshift distribution
N(z) of the form:

N(z) ∝
(

z
z0

)α

exp

[

−
(

z
z0

)β
]

. (7)

The best-fitting parameters are z0 = 1.11, α = 1.24,
β = 6.46. We note that the distribution of blunders peaks
at a significantly higher redshift than the distribution of
correct redshifts shown in Figure 10. This implies that the
blunder fraction varies significantly with redshift – this be-
haviour is plotted in Blake et al. 2009, figure 6. In Section
3.2 we model the effect of these types of redshift blunders
on measurements of the galaxy power spectrum.

3 POWER SPECTRUM ANALYSIS

3.1 Power spectrum estimation methodology

In this Section we summarize our method of power spectrum
estimation, prior to presenting our analysis of the WiggleZ
survey data in Section 3.3. Our power spectrum estimation
is based on the optimal weighting scheme of Feldman, Kaiser
& Peacock (1994) [FKP] (also see the discussions in Tadros
& Efstathiou 1996; Hoyle et al. 2002). When converting red-
shifts to distances we use a fiducial flat ΛCDM cosmological
model with matter density Ωm = 0.3. We first enclosed the
survey cone for the particular region and redshift interval
within a cuboid of sides (Lx, Ly , Lz) and gridded the galaxy
catalogue in cells numbering (nx, ny , nz) using nearest grid
point (NGP) assignment to produce a distribution n(#x). The

WiggleZ survey: selection function 13

For a simple shift U(x) = δ(x− x0) we find that

Pest("k) = [1− 2f(1− f)[1− cos (kxx0)]P ("k) (43)

These formulae are only approximations in the case of
real data. Firstly, the sky is curved and the redshift scatters
do not happen along a single axis of the cube. Secondly, the
blunder fraction depends on redshift. Thirdly, the blunders
due to line confusion are not a strict convolution of the den-
sity field, but a transformation in redshift z1 → z2 of the
form z2 = C(1 + z1) − 1, where C is a constant depending
on the rest wavelengths of the lines. Fourthly, if a convolved
redshift is shifted beyond the edge of the density cube, it
does not “wrap around” as required by periodic boundary
conditions. Fifthly, FKP estimation of the power spectrum
is used rather than Equation 32.

In order to measure the distortion of our measured
power spectrum due to redshift blunders for the real data,
we therefore created Monte Carlo simulations of galaxy cat-
alogues with a known input power spectrum and the same
selection function W ("x) as each of our survey regions. We
then applied the redshift blunder distributions of Figures 11
and 12 to the mock catalogues and re-measured the power
spectrum. Comparison of the input and output power spec-
tra, averaging over many Monte Carlo realizations, provided
the correction factor due to redshift blunders. We tested our
code by reproducing the relations given in Equations 37 and
42 in the flat-sky case.

Figure 13 plots the correction factors for the “angle-
averaged” power spectrum P (k) for each of the survey re-
gions (taking a redshift interval 0.3 < z < 0.9). We see that
a good approximation for the correction for scales k > 0.05 h
Mpc−1 is a constant, although a more significant correction
is required for large scales k < 0.05 h Mpc−1. For k > 0.05 h
Mpc−1 the approximately constant correction factor is not
exactly equal to (1−f)−2 as predicted by Equation 39, where
f is the average redshift blunder rate of the catalogue; this
is due to the mis-estimation of the denominator of Equation
13 that occurs because W ("x) is determined from the galaxy
redshift distribution including blunders, as described in Sec-
tion 2.5. The Monte Carlo simulations performed here also
correct for this small bias in power spectrum estimation.

3.3 Power spectrum measurement

In this study we analyzed a galaxy sample drawn from Wig-
gleZ survey observations prior to July 2009 in SDSS regions
of our optical imaging (9-hr, 11-hr, 15-hr). Figure 14 plots
the (R.A., Dec.) distribution of these redshifts. We imposed
the redshift cut 0.3 < z < 0.9 in order to remove the tails of
the redshift distribution which contain relatively few galax-
ies. A total of N = 56,159 galaxy redshifts remained. We
then split the sample into three redshift slices 0.3 < z < 0.5,
0.5 < z < 0.7 and 0.7 < z < 0.9.

We determined the effective redshift zeff of our power
spectrum estimate in each redshift slice by weighting each
pixel in our 3D selection function by its contribution to the
power spectrum error:

zeff(k) =
∑

!x

z ×
(

ng("x)P (k)
1 + ng("x)P (k)

)2

(44)

where ng("x) = (NcN/V )W ("x) is the galaxy number density

Figure 13. The power spectrum correction factor due to redshift
blunders for each of the survey regions analyzed in this paper, for
a redshift range 0.3 < z < 0.9. The measured power spectrum
must be divided by this factor in order to obtain an unbiased
estimate of the true power spectrum.

in each grid cell and P (k) is the power spectrum amplitude.
In each case we used the best-fitting model power spectrum
determined below. We evaluated this function at k = 0.15 h
Mpc−1, although the dependence on scale is weak. The ef-
fective redshifts of each slice determined using equation 44
are zeff = (0.42, 0.59, 0.78).

We analyzed the three WiggleZ survey regions indepen-
dently, resulting in a total of nine power spectrum mea-
surements. We estimated the power spectrum up to a max-
imum Fourier wavescale kmax = 0.4 h Mpc−1, assuming
the value P0 = 2500 h−3 Mpc3 for the weighting factor in
Equation 9. This choice is motivated by our final measure-
ment of the power spectrum amplitude presented below on
scales k ≈ 0.15 h Mpc−1, but does not have a strong in-
fluence on our results given that with the survey partially
complete the measurements are limited by shot noise on
most scales. Representative values for the other parame-
ters in Section 3.1 are (Lx, Ly , Lz) = (600, 600, 300)h−1

Mpc, (nx, ny , nz) = (256, 256, 128), V = 0.1 h−3 Gpc3 and
n0 = 5 × 10−5 h3 Mpc−3. We combined the Fourier ampli-
tudes in angle-averaged bins of width ∆k = 0.01 h Mpc−1.

The nine power spectrum measurements are plotted in
Figure 15 together with a power spectrum model derived
using a “standard” set of cosmological parameters together
with a prescription for redshift-space distortions. The de-
tails of this model are described below in Section 4.1. The
dashed and solid lines illustrate the input model, and the
model convolved with the selection function for each region,
respectively. The model provides an acceptable statistical fit
to the measured power spectrum in each case.

The corresponding nine covariance matrices Cij are
plotted in Figure 16 as a correlation coefficient

r(i, j) =
Cij

√

Cii Cjj

(45)

Figure 16 demonstrates that the amplitude of the off-
diagonal elements of the covariance matrices is small (note
the choice of greyscale range).

We also measured power spectra in wavevector bins

When	  spec-‐zs	  
go	  wrong,	  they	  
go	  wrong	  bad	  

Effect	  is	  largest	  
at	  large	  scales	  

Blake	  et	  al	  2010	  



Radial	  spec-‐z	  issues	  for	   	  surveys 	  	  

Issues:	  
•  Spectroscopic	  samples	  are	  very	  

incomplete	  
–  Need	  to	  apply	  spectroscopic	  selecBon	  to	  

photometric	  sample.	  
•  Sample	  variance	  of	  spec.	  sample.	  

–  Area	  of	  samples	  is	  too	  small.	  
•  Spectroscopic	  failures	  (wrong	  redshiLs).	  

Case	  study:	  	  
DES	  photometry	  +	  VVDS-‐like	  spec-‐z’s	  
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Issues:	  
•  Spectroscopic	  samples	  very	  incomplete	  

–  Need	  to	  apply	  spectroscopic	  selecBon	  to	  
photometric	  sample.	  

•  Sample	  variance	  of	  spec.	  sample.	  
–  Area	  of	  samples	  is	  too	  small.	  
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Radial	  spec-‐z	  issues	  for	   	  surveys 	  	  
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Radial-‐Angular	  correla*ons	  



Photometric	  surveys	  for	  theorists	  

•  Collect	  light	  from	  galaxies	  in	  
several	  broad-‐band	  filters	  in	  
opBcal	  and	  near-‐IR.	  

•  grizY	  (DES)	  +	  JK	  (Vista)	  
•  Use	  flux	  in	  each	  filter	  to	  

determine:	  	  
-‐  type:star/gal./QSO	  
-‐  gal.	  type:	  spiral,	  

ellipBcal,	  …	  
-‐  (photometric)	  redshiL	  

•  Also	  have	  angular	  and	  shape	  
informaBon	  

magnitude	  =	  A	  –	  log(flux)	  
color	  =	  magnitude	  -‐	  magnitude	  

Terminology:	  



DES	  Photometric	  Calibra*on	  

	  
	  
•  Deal	  with:	  telescope/camera,	  

atmosphere,	  seasons,	  Moon,	  Milky	  
Way.	  

•  MulBple	  overlapping	  Blings	  with	  
varying	  orientaBons	  +	  standard	  stars
+	  …	  	  

•  DES:	  2	  survey	  Blings/filter/year	  
•  Need	  conBguous	  area	  that	  overlaps	  

exisBng	  surveys.	  
	  
DES	  Goal:	  1%	  photometry	  over	  all	  

survey	  area	  (BaO	  requirement	  is	  2%).	  

	  2	  Blings	   	  3	  Blings	  

Survey	  
Area	  

Overlap	  with	  SDSS	  
equatorial	  	  
Stripe	  82	  for	  calibraBon	  
(200	  sq	  deg)	  	  

Connector	  
region	  
(800	  sq	  deg)	  

	  5000	  sq	  
deg	  

Main	  survey	  
region	  
(4000	  sq	  
deg)	  



Photometric	  calibra*on	  is	  complicated	  

	  
	  
•  Deal	  with:	  telescope/camera,	  

atmosphere,	  seasons,	  Moon,	  Milky	  
Way	  –	  over	  several	  years.	  

•  MulBple	  overlapping	  Blings	  with	  
varying	  orientaBons	  +	  standard	  stars
+	  …	  	  

•  DES:	  2	  survey	  Blings/filter/year	  
•  Need	  conBguous	  area	  that	  overlaps	  

exisBng	  surveys.	  
	  
DES	  Goal:	  1%	  photometry	  over	  all	  

survey	  area	  (BaO	  requirement	  is	  2%).	  

DES	  5yr	  	  
mag	  –	  limits	  
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Photometric	  calibra*on	  is	  complicated	  

	  
	  
•  Mag.	  limits	  affect	  redshiL	  

distribuBon	  -‐>	  coupling	  between	  
angular	  and	  radial	  effects	  (problem	  is	  
worse	  if	  using	  photo-‐zs).	  

•  Varying	  colors,	  affect	  galaxy	  types	  
being	  selected.	  	  
•  Different	  types	  have	  different	  

HODs,	  with	  different	  biases.	  
•  variaBon	  in	  color	  -‐>	  scale-‐

dependent	  halo	  bias	  
•  Need	  to	  couple	  radial-‐angular	  mask	  
•  Uncertainty	  in	  calibraBon	  will	  sBll	  be	  

a	  problem.	  
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Uncertainty	  in	  calibra*on 	  	  
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ecalib =
!N
N

! 3!m
m

N:	  Number	  of	  galaxies	  
m:	  magnitude	  
	  
Error	  bars:	  variaBons	  
from	  alocamng	  ecalib	  to	  
different	  m.	  



Conclusions 	  	  

•  Spectroscopic	  selecBon	  is	  a	  major	  challenge	  for	  upcoming	  
surveys,	  parBcularly	  photometric	  surveys	  (because	  they	  go	  
deeper).	  

•  Survey	  calibraBon	  on	  the	  largest	  scales	  is	  a	  tough	  challenge.	  
•  Lots	  of	  work	  to	  be	  done	  before	  trustworthy	  constraints	  can	  be	  

extracted	  from	  large-‐scale	  clustering.	  



w-‐bias	  for	  fixed	  ΔP(zs|zp)=0.01	  LSS	  in	  one	  1deg2	  sample	  

ΔP(zs|zp)	  =	  P(zs|zp)phot	  -‐	  P(zs|zp)train	   w-‐bias	  for	  ΔP(zs|zp)	  of	  Patch	  37	  

An	  example:	  
	  
-‐	  Template	  photo-‐zs.	  
	  
-‐ 	  CalibraBon	  using	  one	  
field	  with	  1	  deg2.	  

-‐ 	  	  Weak	  Lensing	  shear-‐
shear	  tomography.	  

-‐ 	  Difference	  between	  
true	  P(zs|zp)	  and	  that	  
of	  calibraBon	  sample	  
generates	  biases	  in	  
cosmology.	  
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Figure 8. Relation between number of independent patches and galaxies observed per patch so that the calibration bias will yield a

bias/error ratio in w that is less than 1.0 with 95% probability. We consider three different telescope apertures based on capabilities of

existing telescopes: 1/4 deg
2
(solid black), 1/8 deg

2
(solid red) and 1/32 deg

2
(or 112.5 arcmin2; blue). The first two scenarios correspond

to the optimistic and pessimistic assumptions about the effective observing area of Magellan. The VIMOS-VLT instrument could observe

about 1/16 deg
2
. The diagonal light gray lines indicate contours of fixed total number of galaxies, while the vertical band indicates

typical number of galaxies per observed patch possible with a single pointing of Magellan or VLT. For a fixed number of galaxies per

patch, the total number of patches required is higher for a smaller patch area in order to compensate for the increased sample variance

per patch. Similarly, if the survey can observe more galaxies in each patch, then the total number of patches obviously decreases since

fewer patches will be required to calibrate the shot noise, at the expense of increasing the total number of galaxies required.

Ωm = 0.25 and σ8 = 0.8 in a 1Gpc/h box with 11203 par-
ticles. The lightcone output necessary for the ADDGALS
algorithm was created by pasting together 33 snapshots in
the redshift range z = 0− 1.33. This results in a 220 sq de-
gree lightcone whose orientation was selected such that there
are no particle replications in the inner ∼ 100 sq. deg. and
minimal replications in the outer regions.

The ADDGALS algorithm used to create the galaxy
distribution consists of two steps: galaxies based on an in-
put luminosity function are first assigned to particles in
the simulated lightcone, after which multi-band photome-
try is added to each galaxy using a training set of observed
galaxies. For the first step, we begin by defining the rela-
tion P (δdm|Mr, z) — the probability that a galaxy with
magnitude Mr a redshift z resides in a region with local
density δdm, defined as the radius of a sphere containing
1.8×1013h−1M⊙ of dark matter. This relation can be tuned
to reproduce the luminosity-dependent galaxy 2-point func-
tion by using a much higher resolution simulation combined
with the technique known as subhalo abundance matching.
This is an algorithm for populating very high resolution dark
matter simulations with galaxies based on halo and subhalo
properties that accurately reproduces properties of the ob-
served galaxy clustering (Conroy et al. 2006; Wetzel and
White 2010; Behroozi et al. 2010; Busha et al. 2011a). The
relationship P (δdm|Mr, z) can be measured directly from the
resulting catalog. Once this probability relation has been de-
fined, galaxies are added to the simulation by integrating a

(redshift dependent) r-band luminosity function to generate
a list of galaxies with magnitudes and redshifts, selecting
a δdm for each galaxy by drawing from the P (δdm|Mr, z)
distribution, and attaching it to a simulated dark matter
particle with the appropriate δdm and redshift. The advan-
tage of ADDGALS over other commonly used approaches
based on the dark matter halos is the ability to produce sig-
nificantly deeper catalogs using simulations of only modest
size. When applied to the present simulation, we populate
galaxies as dim as Mr ≈ −16, compared with the Mr ≈ −21
completeness limit for a standard halo occupation (HOD)
approach.

While the above algorithm accurately reproduces the
distribution of satellite galaxies, central objects require ex-
plicit information about the mass of their host halos. Thus,
for halos larger than 5×1012h−1M⊙, we assign central galax-
ies using the explicit mass-luminosity relation determined
from our calibration catalog. We also measure δdm for each
halos, which is used to draw a galaxy from the integrated lu-
minosity function with the appropriate magnitude and den-
sity to place at the center.

For the galaxy assignment algorithm, we choose a lu-
minosity function that is similar to the SDSS luminosity
function as measured in Blanton et al. (2003), but evolves
in such a way as to reproduce the higher redshift obser-
vations of the NDWFS and DEEP2 observations. We use
a Schechter Function with φ∗ = 1/81 × 10−2z/3, M∗ =

c� 0000 RAS, MNRAS 000, 000–000

Survey	  Calculator	  

Magellan	  

VLT	  

Cunha,	  Huterer,	  Busha	  &	  Wechsler	  	  
arXiv:	  1109:5691	  



DES	  Photo-‐zs	  

•  CombinaBon	  DES	  (opBcal)+Vista	  (IR)	  yields	  
robust	  photo-‐zs.	  

•  LRGs	  have	  even	  bewer	  scawer.	  
•  Errors	  need	  to	  be	  modeled	  carefully,	  but	  

fNL	  requirements	  weaker	  than	  WL.	  
•  For	  clusters	  σz=0.02.	  

Rough	  numbers:	  
	  Δz=0.1	  è Δdc	  =1-‐2×102h-‐1	  Mpc	  over	  	  

	   	  	  	  	  	  survey	  redshiL	  range.	  
	  
100	  Mpc	  ≈	  3	  deg	  at	  z=1.	  



Star/Galaxy	  separa*on	  

•  DistribuBon	  of	  stars	  is	  not	  random.	  
Pronounced	  variaBon	  with	  laBtude.	  

•  ClassificaBon	  using	  colors	  
(magnitudes)	  

•  BAO	  requirement:	  
–  probabiliBes	  accurate	  to	  1%	  
–  stellar	  contaminaBon	  and	  distribuBon	  of	  

misclassified	  galaxies	  smaller	  than	  9%	  
	  over	  all	  survey	  (<	  2%	  on	  scales	  <	  4	  degrees).	  

•  Good	  enough	  for	  fNL?	  

Overlap	  with	  SDSS	  
equatorial	  	  
Stripe	  82	  for	  
calibraBon	  (200	  sq	  
deg)	  	  

Connector	  
region	  
(800	  sq	  deg)	  

Milky	  Way	  
Main	  survey	  
region	  
(4000	  sq	  
deg)	  



•  Study	  Dark	  Energy	  using	  	  
	  	  	  	  4	  complementary	  techniques:	  
	  	  	  	  	  	  	  	  I.	  Cluster	  Counts	  
	  	  	  	  	  	  II.	  Weak	  Lensing	  
	  	  	  	  	  	  III.	  Baryon	  AcousBc	  OscillaBons	  
	  	  	  	  	  	  IV.	  Supernovae	  
	  

•	  	  	  	  Two	  mulBband	  surveys:	  
	  	  	  	  	  	  	  	  	  Main:	  5000	  deg2	  ≈	  5	  (h-‐1Gpc)3	  

	  	   	  	   	  300	  million	  galaxies	  
	  	   	  g,	  r,	  i,	  z,	  Y	  to	  24th	  mag	  

	  	  	  	  	  	  	  SNe:	  15	  deg2	  repeat	  
	  

•	  	  	  	  Build	  new	  3	  deg2	  FoV	  camera	  	  
	  	  	  	  	  	  	  and	  Data	  management	  sytem	  in	  Blanco	  

4-‐m	  telescope	  
	  	  	  	  	  	  Survey	  2012-‐2017	  (525	  nights)	  
	  	  	  	  	  	  Camera	  available	  for	  community	  use	  

the	  rest	  of	  the	  Bme	  (70%)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Blanco 4-meter at CTIO 
www.darkenergysurvey.org	  

The	  Dark	  Energy	  Survey	  



Observa*onal	  issues	  for	  fnl	  measurement	  

•  ArBficial	  correlaBons	  can	  mimic	  fnl.	  For	  	  	  	  	  	  	  	  	  	  ,	  separaBons	  
>100	  Mpc	  (several	  degrees)	  are	  crucial.	  

•  ArBficial	  correlaBons	  can	  be	  due	  to:	  
–  photometric	  calibraBon	  
–  photometric	  redshiLs	  
–  star/galaxy	  separaBon	  	  	  

	  
	  
•  Clusters	  have	  own	  selecBon	  issues	  

f local
NL

! 

b(k) = bG + fNL
const
k 2

Because	  of	  1/k2	  scale	  
dependence	  of	  bias	  

More	  relevant	  
for	  galaxies	  
than	  clusters	  


