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Cosmology	  from	  galaxy	  clustering	  

•  Measure	  spaEal/angular	  galaxy	  distribuEon	  
	   	   	   	   	   	   	  Galaxy	  bias	  &	  other	  magic	  

•  Relate	  to	  maIer	  distribuEon	  
	   	   	   	   	   	   	  Compare	  to	  models,	  pert.	  theory	  

•  Constrain	  growth	  of	  structure,	  cosmology	  

	   	  	   	  growth	  funcEon,	  non-‐linear	  evoluEon,	  

€ 
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Tidal	  Alignments	  

•  Galaxy	  orientaEon	  determined	  by	  
– Triaxiality	  (ellipEcals)	  
– Disk	  angular	  momentum	  (spirals)	  

•  Both	  affected	  by	  large-‐scale	  Edal	  fields	  
– affects	  principal	  axes	  of	  collapsing	  region	  
– Tidal	  torquing	  	  

•  When	  combined	  with	  orientaEon	  dependent	  
selecEon	  bias,	  issue	  for	  LSS	  observaEons!	  



Tidal	  Alignments	  

from	  Hirata	  2009	  

• Clustering	  in	  radial	  Fourier	  modes	  appears	  suppressed	  

• May	  introduce	  systemaEc	  offset	  to	  LSS	  observables!	  



Anisotropic	  galaxy	  selecEon	  

•  A	  galaxy‘s	  orientaEon	  is	  described	  by	  a	  matrix	  Q	  
∈SO(3),	  or	  equivalently	  the	  3	  Euler	  angles	  

•  Observer	  looks	  at	  the	  galaxy	  along	  the	  line-‐of-‐sight	  
unit	  vector	  n	  ∈	  S2	  

•  Describe	  galaxy	  appearance	  by	  expressing	  observer’s	  
line-‐of-‐sight	  in	  galaxy	  frame:	  Qn	  

•  Probability	  P	  of	  observing	  a	  galaxy	  is	  modulated	  by	  a	  
funcEon	  Y	  of	  the	  line	  of	  sight	  in	  the	  galaxy	  frame:	  
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P x( )∝1+Y Q ˆ n ,x( ),

Y ( ˆ m ,x)d2 ˆ m = 0
S 2
∫



Effect	  on	  Observed	  Galaxy	  Density	  

•  Number	  density	  of	  observed	  galaxies	  depends	  on	  
distribuEon	  of	  their	  orientaEon	  P(Q|x):	  

•  Effect	  non-‐zero	  if	  BOTH	  
–  Intrinsic	  alignments:	  P(Q|x)	  not	  uniform	  

–  Anisotropic	  galaxy	  selecEon:	  Y(Qn,x)	  ≠	  0	  

€ 

N ∝ P Q | x( ) 1+Y Q ˆ n ,x( )[ ]
SO(3)
∫ d3Q

=1+ P Q | x( )
SO(3)
∫ Y Qˆ n ,x( ) d3Q

ε(n|x)	  



Models	  for	  ε	  –	  Luminous	  Red	  Galaxies	  

•  LRGs	  known	  to	  be	  aligned	  with	  stretching	  axis	  of	  the	  
Edal	  field	  (Binggeli	  1982)	  

•  If	  aperture	  magnitudes	  are	  used	  to	  select	  LRGs,	  bias	  
for	  selecEng	  galaxies	  viewed	  down	  the	  long	  axis	  (B)	  	  

•  Not	  a	  problem	  if	  model	  magnitudes	  used	  and	  galaxy	  
opEcally	  thin	  

A	  

B	  



Models	  for	  ε	  –	  LRGs	  II	  

•  LRGs	  alignment	  expected	  to	  be	  linear	  in	  Edal	  field,	  
hence	  from	  symmetry	  only	  possibility:	  

•  Coefficient	  A1	  product	  of	  	  
–  Anisotropic	  selecEon	  (from	  models,	  survey	  specific)	  

–  Intrinsic	  alignment	  amplitude:	  ellipEcity	  –	  LSS	  correlaEon	  
(from	  observaEons	  –	  SDSS,	  Hirata	  et	  al	  2007)	  	  
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Models	  for	  ε	  	  -‐Spiral	  Galaxies	  

•  Spin-‐up	  by	  Edal	  torques	  
–  T	  =	  Edal	  tensor	  
–  I	  =	  moment	  of	  inerEa	  tensor	  of	  collapsing	  galaxy 	   	  

	  (only	  anisotropic	  part	  contributes)	  

•  Expected	  to	  be	  quadraEc	  in	  Edal	  field	  -‐	  anisotropic	  
moment	  of	  inerEa	  itself	  induced	  by	  Edal	  field	  

•  At	  tree	  level,	  predict	  
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Models	  for	  ε	  -‐	  A2	  

•  SelecEon	  based	  on	  broad	  band/	  emission	  line	  flux	  

•  Spiral	  galaxies	  dimmer	  if	  viewed	  edge	  on	  (dust)	  
•  Use	  geometric	  emission/exEncEon	  models	  to	  
esEmate	  anisotropic	  selecEon	  

•  No	  measurements	  for	  intrinsic	  alignment	  strength	  
yet	  -‐	  use	  Edal	  torque	  theory	  



	  Galaxy	  Bispectrum	  

•  On	  quasilinear	  scales,	  expand	  galaxy	  density	  

•  This	  results	  in	  a	  bispectrum	  (3	  point	  clustering),	  in	  
real	  space	  it	  is	  given	  by	  

•  Can	  break	  degeneracies	  between	  
	  b1,	  σ8	  (Fry	  1994,	  Verde	  et	  al	  2001)	  
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1
2
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	  Contaminated	  Bispectrum	  

•  Models	  for	  ε	  give	  Edal	  alignment	  modulated	  galaxy	  
density	  

•  Calculate	  Bispectrum	  

•  Tidal	  alignments	  introduce	  systemaEc	  offsets!	  
•  For	  angular	  clustering	  of	  LRGs	  (linear	  alignment	  
model,	  transverse	  modes)	  this	  amounts	  to	  rescaling	  
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1+δg
obs x( ) = 1+δg x( )[ ] 1+ε ˆ n | x( )[ ]
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˜ δ g
obs k1( ) ˜ δ g
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1
3
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2
3
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	  Contaminated	  Bispectrum	  –	  QA	  

•  QuadraEc	  alignment	  has	  quadrupolar	  term,	  lowest	  
order	  effect	  on	  (transverse)	  Bispectrum	  is	  

•  CharacterisEc	  shape	  dependence	  
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sumption that elliptical galaxies are optically thin triaxial systems,
that the deviation from spherical symmetry can on average be re-
lated to the tidal field (with correlation strength B), on different
models for the orientation dependence of a galaxy’s apparent mag-
nitude (parametrized by χ), and the slope of the galaxy luminosity
function η:

A1 = 2ηχB . (32)

While the total flux of an optically thin galaxy is not affected by
tidal alignments, the average isophotal ellipticity and projected ef-
fective radius of a galaxy become a function of the tidal field.

The selection of galaxies in a survey will be modified by tidal
alignment if part of the selection criteria is a magnitude cut, and if
the apparent magnitude of a galaxy depends on its orientation. The
apparent magnitude of a galaxy is nearly orientation independent if
measured using Petrosian magnitudes or model magnitudes which
are based on an accurate model for the radial profile, then at the
level of the toy model considered by Hirata (2009) � ≈ 0.

If galaxies are selected using isophotal magnitudes or aperture
magnitudes, more light will be counted if a galaxy is viewed along
its long axis than its short axis. The selection factor χ in Eq. (32)
depends on the method used to measure galaxy fluxes (c.f. Fig. 2
in Hirata 2009), and it translates the fractional change in effective
radius induced by intrinsic alignment to a fractional change in mea-
sured flux. This change in measured flux moves galaxies across the
selection threshold, and it is translated into change in number den-
sity by assuming a luminosity function with slope −η.

The strength of the tidal alignment effect B is determined from
measurements of the density-ellipticity cross-correlation function
(Hirata et al. 2007). Our chosen normalization further assumes a
LRG luminosity function with η = 4.0 and galaxy selection based
on isophotal magnitudes measured within ∼ 3 effective radii. Also
note that this normalization is based on observations around z = 0.3
and should only be used near this redshift as the LRG luminosity
function and the correlation between tidal field and galaxy orienta-
tion may show strong evolution with redshift.

3.2 Quadratic alignment

The leading-order alignment of galactic angular momentum in tidal
torque theories is quadratic in the tidal tensor because of the need
for both a tidal field and an anisotropic inertia tensor on which it
can act.

The anisotropic selection function for a disc galaxy is gener-
ally a function of its inclination i (defined by cos i = L̂ · n̂). While
i is in the range 0 � i � π, we expect most selection criteria to
be symmetric with respect to an observer being above or below the
plane of the target, so it follows that the anisotropic part of the se-
lection function contains only even-order spherical harmonics:

Υ(Qn̂, x) =
�

J�2, even

cJ PJ(cos i), (33)

where PJ is a Legendre polynomial. Using Eq. (17), and noting
that for a disk galaxy, we may replace the general integration over
orientations Q ∈SO(3) with an integration over directions of the
angular momentum vector L̂ ∈ S 2, we may write

�(n̂|x) =
�

J�2, even

cJ

�

S 2
p(L̂|x)PJ(cos i) d2 L̂. (34)

Because the quadratic alignment model contains two factors of the
tidal field, which are spin 2, p(L̂|x) can contain spherical harmon-
ics only through order J � 4. For simplicity, we will focus only on

the quadrupolar J = 2 term in the sum (while noting that the hex-
adecapolar alignment J = 4 is in principle possible). Then Eq. (34)
implies that

�(n̂|x) ∝ �P2(L̂ · n̂)�, (35)

where the average is taken over the local probability distribution of
L̂. Equivalently, using Eq. (15), we find that

�(n̂|x) = Ã2

�
n̂in̂ j −

1
3
δi j

�
T̂ihT̂h j. (36)

We relate T̂i j to the dimensionless shear field tensor Ti j,

T̃i j(k) =
1

4πGa2ρ̄m(a)

�
kik j −

1
3
δi jk2
�
Ψ̃(k)

=

�
k̂ik̂ j −

1
3
δi j

�
δ̃(k), (37)

by approximating the scalar T 2 ≡ Ti jT ji with its expected value C2:

C2 ≡ �T 2� = 2
3
σ2(R), (38)

i.e. we approximate T̂i j ≈ C−1Ti j. As this expression for the
anisotropic selection function is already second order in the
density field, effects associated with mapping � to redshift space
only enter at higher orders than considered in this analysis and
in the following we will drop the superscript s to denote Fourier
modes in redshift space.

Note that C2 is proportional to the variance of the smoothed
density field smoothed on the halo collapse scale R, since the den-
sity and tidal fields are both derived by taking second derivatives of
the potential.

Then the contribution of quadratic alignment to the orientation
dependent selection function can be written as

�̃(2)(n̂|k) = Ã2

�
n̂in̂ j −

1
3
δi j

� �
d3 k�

(2π)3
ˆ̃Tih(k) ˆ̃Th j(k��)

= A2n̂in̂ j

�
d3 k�

(2π)3

��
k̂�i k̂
�
h −

1
3
δih

� �
k̂��h k̂��j −

1
3
δh j

�

−1
3
δi j

��
k̂� · k̂��

�2 − 1
3

��
δ̃(1)(k�)δ̃(1)(k��), (39)

where k�� = k − k�. This term contributes to the observed galaxy
bispectrum via

∆BQA
g (k1, k2, k3) = 2A2

�
b1 −

A1

3
+ (A1 + f )µ2

1

�

×
�
b1 −

A1

3
+ (A1 + f )µ2

2

�
P(k1)P(k2)

×
�
µ1µ2 k̂1 · k̂2 −

1
3

�
µ2

1 + µ
2
2 + (k̂1 · k̂2)2

�
+

2
9

�

+ 2 perm. (40)

Here A1 � 0 if the galaxy population under consideration is also
subject to linear alignment, and we have defined A2 ≡ Ã2/C2.

3.2.1 Transverse galaxy bispectrum

The quadratic alignment model modifies the observed transverse
galaxy bispectrum by

∆BQA,⊥
g (k1, k2, k3) =

2
3

A2b2
1

�
2
3
−
�
k̂1 · k̂2

�2
�

P(k1)P(k2)

+ 2 perm. (41)
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	  Parameter	  Bias:	  Technique	  

•  CharacterisEc	  shape	  dependence	  of	  QA	  
contaminaEon	  not	  easily	  recast	  as	  bias	  rescaling	  

•  Instead	  use	  Fisher	  matrix	  analysis	  for	  DES	  like	  angular	  
galaxy	  clustering	  observaEons	  8 E. Krause & C. M. Hirata

results should be sufficient at the level of this analysis. However,

at scales smaller than k ∼ 0.1h/Mpc Smith et al. (2008) and

Guo & Jing (2009) find the bispectrum measured from simula-

tions to differ at the 10-20% level from the perturbation theory.

Note that these systematic effects on the determination of bias

parameters on small scales are larger than the tidal alignment

contaminations discussed here.

We model the observed power spectrum by averaging the an-
gular power spectrum over bins of width ∆l,

P(l̄) ≡
�

l̄+1/2∆l

l̄−1/2∆l

dl l

l̄∆l
P(l), (52)

and the corresponding covariance is given by

Cov
�
P(l̄1)P(l̄2)

�
=

1
Ω


δl̄1 ,l̄2

4π
l̄1∆l

�
P(l̄1) +

1
n̄

�2

(53)

+

�

1

�

2
T (l1,−l1, l2,−l2)

�
, (54)

where n̄ is the average projected density of the galaxy population
under consideration. Here the first term is a combination of Gaus-
sian cosmic variance and shot noise. The second term involving
the trispectrum of parallelogram configurations is the non-Gaussian
power spectrum covariance.

The bispectrum is sampled with uniform binning ∆l in all an-
gular frequencies. Defining

�

i

≡
�

l̄i+1/2∆l

l̄i−1/2∆l

dli li

l̄i∆l
, (55)

the bin-averaged bispectrum is given by

B(l̄1, l̄2, l̄3) ≡
�

1

�

2

�

3
B(l1, l2, l3)δD(l1 + l2 + l3). (56)

We approximate the expression from Joachimi et al. (2009) for the
full non-Gaussian covariance of the bin-averaged bispectrum by

Cov
�
B(l̄1, l̄2, l̄3)B(l̄4, l̄5, l̄6)

�
=

(2π)3

Ωl̄1 l̄2 l̄3∆l3
Λ−1(l̄1, l̄2, l̄3)

× Dl̄1 ,l̄2 ,l̄3 ,l̄4 ,l̄5 ,l̄6

�
P(l̄1) +

1
n̄

� �
P(l̄2) +

1
n̄

� �
P(l̄3) +

1
n̄

�

+
2πΛ−1(l̄1, l̄2, l̄3)Λ−1(l̄4, l̄5, l̄6)

Ω
δl̄3 ,l̄4

�

1

�

2

�

3

�

5

�

6
δD (l1 + l2 + l3)

×
�
δD (l3 + l5 + l6)B(l1, l2, l3)B(l3, l5, l6)

+ δD (−l3 + l5 + l6)T (l1, l2, l5, l6)P(l3)
�
+ 8 perm., (57)

where the symmetry factor Dl̄1 ...l̄6 is non-zero only for diagonal el-
ements of the covariance ({l̄1, l̄2, l̄3} = {l̄4, l̄5, l̄6}): Dl̄1 ...l̄6 = 1, 2,
or 6 for scalene, isosceles, or equilateral triangles respectively. If
l̄1, l̄2, l̄3 form a triangle, then Λ−1(l̄1, l̄2, l̄3) is the area of this trian-
gle, otherwise Λ−1 = 0. The first term is the Gaussian (diagonal)
part of the covariance which is proportional to the product of three
power spectra which have been modified to account for Gaussian
shot noise. The second/ third terms are non-Gaussian contributions
from triangle pairs which have at least one common side so that the
pentaspectrum can be factorized into two bispectra/ a trispectrum
and a power spectrum. We have dropped a term which is propor-
tional to the general connected pentaspectrum.

4.2 Biased parameter estimates for galaxy bias parameters

Having set up a model for the observable data and their covari-
ances, we can now quantify the power of our fictitious survey at
constraining model parameters using the Fisher matrix

Fαβ =
∂�Pt

∂pα
Cov−1

�
�P, �P
� ∂�P
∂pβ
+
∂ �Bt

∂pα
Cov−1

�
�B, �B
� ∂ �B
∂pβ
, (58)

where the �P and �B are data vectors with the binned angular galaxy

power spectrum and bispectrum as data points. The data vectors

and their covariances depend explicitly on the bias parame-

ters through Eqs. (7, 6, A4). Note that we do not include cross-
correlations between power spectrum and bispectrum, both for sim-
plicity and because they are small in the weakly nonlinear regime
(but see Sefusatti et al. 2006 for their constraining power in the
weakly non-linear regime). The parameters of interest here are the
linear and quadratic galaxy bias and we marginalize over the nor-
malization of the matter power spectrum σ8, i.e. p = (b1, b2,σ8).
Our fiducial model assumes σ8 = 0.8, no intrinsic alignment con-

tamination, and covers a range of bias parameters, while all other
cosmological parameters are fixed to their best-fit WMAP 7 values.

The inverse Fisher matrix serves as a lower limit on the
marginalized covariance of statistical parameter errors

�
δpαδpβ

�
=
�
F −1
�
αβ
. (59)

Hence the statistical error on the inferred parameters is inversely
proportional to

√
Ω, as can be seen from the expressions (Eqs. 54,

57) for the data covariances. The presence of a systematic error �∆B,
�∆P in the data which is not included in the model induces a bias

in the parameter estimate compared to its fiducial values. To first
order it is given by (e.g. Huterer et al. 2006; Amara & Réfrégier
2008)

∆pα = �p̂α� − p
fid
α =
�
F −1
�
αβ


 �∆Pt Cov−1

�
�P, �P
� ∂�P
∂pβ

+ �∆Bt Cov−1
�
�B, �B
� ∂ �B
∂pβ


 , (60)

where the data vectors and covariances are evaluated at the

fiducial model.

This systematic bias is independent of the survey area, but it
is influenced by our choice of survey parameters through the se-
lection function (Eq. 49) and data binning scheme. It also depends
on projected number density of the galaxy population of interest
as n̄ determines the importance of shot noise. We adopt a uni-
form sampling with 20 equidistant bins in all angular frequencies
(l1, l2, l3) corresponding to Eq. (51) and assume a projected den-
sity of n̄ = 1/arcmin2 for a galaxy population in the redshift range
0.4 � z � 0.6.

The systematic error on the bispectrum, �∆B, due to linear
or quadratic alignment is modeled by the line of sight projection
(Eq. 50) of the tidal alignment contaminations (Eqs. 29, 41) calcu-
lated in Sect. 3. We set �∆P = 0 for the quadratic alignment model
as the first correction to the power spectrum is third order in the
density contrast. In agreement with our findings from Eq. (30), the
systematic error induced by linear alignment on the galaxy power
spectrum is given by (cf. Hirata 2009)

∆P
LA
g (k⊥) =

��
b1 −

A1

3

�2
− b

2
1

�
Pg(k⊥), (61)

where we have restricted k to be orthogonal to the line of sight as
only these modes survive the Limber approximation.
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results should be sufficient at the level of this analysis. However,

at scales smaller than k ∼ 0.1h/Mpc Smith et al. (2008) and

Guo & Jing (2009) find the bispectrum measured from simula-

tions to differ at the 10-20% level from the perturbation theory.

Note that these systematic effects on the determination of bias

parameters on small scales are larger than the tidal alignment

contaminations discussed here.

We model the observed power spectrum by averaging the an-
gular power spectrum over bins of width ∆l,

P(l̄) ≡
�

l̄+1/2∆l

l̄−1/2∆l

dl l

l̄∆l
P(l), (52)

and the corresponding covariance is given by

Cov
�
P(l̄1)P(l̄2)

�
=

1
Ω


δl̄1 ,l̄2

4π
l̄1∆l

�
P(l̄1) +

1
n̄

�2

(53)

+

�

1

�

2
T (l1,−l1, l2,−l2)

�
, (54)

where n̄ is the average projected density of the galaxy population
under consideration. Here the first term is a combination of Gaus-
sian cosmic variance and shot noise. The second term involving
the trispectrum of parallelogram configurations is the non-Gaussian
power spectrum covariance.

The bispectrum is sampled with uniform binning ∆l in all an-
gular frequencies. Defining

�

i

≡
�

l̄i+1/2∆l

l̄i−1/2∆l

dli li

l̄i∆l
, (55)

the bin-averaged bispectrum is given by

B(l̄1, l̄2, l̄3) ≡
�

1

�

2

�

3
B(l1, l2, l3)δD(l1 + l2 + l3). (56)

We approximate the expression from Joachimi et al. (2009) for the
full non-Gaussian covariance of the bin-averaged bispectrum by

Cov
�
B(l̄1, l̄2, l̄3)B(l̄4, l̄5, l̄6)

�
=

(2π)3

Ωl̄1 l̄2 l̄3∆l3
Λ−1(l̄1, l̄2, l̄3)

× Dl̄1 ,l̄2 ,l̄3 ,l̄4 ,l̄5 ,l̄6

�
P(l̄1) +

1
n̄

� �
P(l̄2) +

1
n̄

� �
P(l̄3) +

1
n̄

�

+
2πΛ−1(l̄1, l̄2, l̄3)Λ−1(l̄4, l̄5, l̄6)

Ω
δl̄3 ,l̄4

�

1

�

2

�

3

�

5

�

6
δD (l1 + l2 + l3)

×
�
δD (l3 + l5 + l6)B(l1, l2, l3)B(l3, l5, l6)

+ δD (−l3 + l5 + l6)T (l1, l2, l5, l6)P(l3)
�
+ 8 perm., (57)

where the symmetry factor Dl̄1 ...l̄6 is non-zero only for diagonal el-
ements of the covariance ({l̄1, l̄2, l̄3} = {l̄4, l̄5, l̄6}): Dl̄1 ...l̄6 = 1, 2,
or 6 for scalene, isosceles, or equilateral triangles respectively. If
l̄1, l̄2, l̄3 form a triangle, then Λ−1(l̄1, l̄2, l̄3) is the area of this trian-
gle, otherwise Λ−1 = 0. The first term is the Gaussian (diagonal)
part of the covariance which is proportional to the product of three
power spectra which have been modified to account for Gaussian
shot noise. The second/ third terms are non-Gaussian contributions
from triangle pairs which have at least one common side so that the
pentaspectrum can be factorized into two bispectra/ a trispectrum
and a power spectrum. We have dropped a term which is propor-
tional to the general connected pentaspectrum.

4.2 Biased parameter estimates for galaxy bias parameters

Having set up a model for the observable data and their covari-
ances, we can now quantify the power of our fictitious survey at
constraining model parameters using the Fisher matrix

Fαβ =
∂�Pt

∂pα
Cov−1

�
�P, �P
� ∂�P
∂pβ
+
∂ �Bt

∂pα
Cov−1

�
�B, �B
� ∂ �B
∂pβ
, (58)

where the �P and �B are data vectors with the binned angular galaxy

power spectrum and bispectrum as data points. The data vectors

and their covariances depend explicitly on the bias parame-

ters through Eqs. (7, 6, A4). Note that we do not include cross-
correlations between power spectrum and bispectrum, both for sim-
plicity and because they are small in the weakly nonlinear regime
(but see Sefusatti et al. 2006 for their constraining power in the
weakly non-linear regime). The parameters of interest here are the
linear and quadratic galaxy bias and we marginalize over the nor-
malization of the matter power spectrum σ8, i.e. p = (b1, b2,σ8).
Our fiducial model assumes σ8 = 0.8, no intrinsic alignment con-

tamination, and covers a range of bias parameters, while all other
cosmological parameters are fixed to their best-fit WMAP 7 values.

The inverse Fisher matrix serves as a lower limit on the
marginalized covariance of statistical parameter errors

�
δpαδpβ

�
=
�
F −1
�
αβ
. (59)

Hence the statistical error on the inferred parameters is inversely
proportional to

√
Ω, as can be seen from the expressions (Eqs. 54,

57) for the data covariances. The presence of a systematic error �∆B,
�∆P in the data which is not included in the model induces a bias

in the parameter estimate compared to its fiducial values. To first
order it is given by (e.g. Huterer et al. 2006; Amara & Réfrégier
2008)

∆pα = �p̂α� − p
fid
α =
�
F −1
�
αβ


 �∆Pt Cov−1

�
�P, �P
� ∂�P
∂pβ

+ �∆Bt Cov−1
�
�B, �B
� ∂ �B
∂pβ


 , (60)

where the data vectors and covariances are evaluated at the

fiducial model.

This systematic bias is independent of the survey area, but it
is influenced by our choice of survey parameters through the se-
lection function (Eq. 49) and data binning scheme. It also depends
on projected number density of the galaxy population of interest
as n̄ determines the importance of shot noise. We adopt a uni-
form sampling with 20 equidistant bins in all angular frequencies
(l1, l2, l3) corresponding to Eq. (51) and assume a projected den-
sity of n̄ = 1/arcmin2 for a galaxy population in the redshift range
0.4 � z � 0.6.

The systematic error on the bispectrum, �∆B, due to linear
or quadratic alignment is modeled by the line of sight projection
(Eq. 50) of the tidal alignment contaminations (Eqs. 29, 41) calcu-
lated in Sect. 3. We set �∆P = 0 for the quadratic alignment model
as the first correction to the power spectrum is third order in the
density contrast. In agreement with our findings from Eq. (30), the
systematic error induced by linear alignment on the galaxy power
spectrum is given by (cf. Hirata 2009)

∆P
LA
g (k⊥) =

��
b1 −

A1

3

�2
− b

2
1

�
Pg(k⊥), (61)

where we have restricted k to be orthogonal to the line of sight as
only these modes survive the Limber approximation.
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	  Parameter	  Bias:	  Results	  

•  DES	  survey	  size	  +	  radial	  selecEon	  funcEon	  
•  Angular	  clustering	  of	  galaxies	  with	  0.4	  <z<0.6	  

	  solid	  arrows:	  Linear	  Alignment	  

	  	  	   	  open	  arrows:	  QuadraEc	  Alignment	  

•  QA	  introduces	  relevant	  
	  offset	  in	  bias	  esEmates	  



	  Removal	  of	  QA	  contaminaEon	  

•  Include	  QA	  contaminaEon	  in	  Bispectrum	  model,	  
marginalize	  over	  A2	  

•  Can	  remove	  paramter	  bias	  

	  at	  cost	  of	  larger	  error	  bars	  

Biased	  esEmate	  

Marginalized	  over	  A2	  



	  Conclusions	  

•  Tidal	  galaxy	  alignments	  combined	  with	  anisotropic	  
galaxy	  selecEon	  effects	  can	  affect	  LSS	  observables	  

•  Has	  implicaEons	  for	  measuring	  growth	  of	  structure,	  
galaxy	  bias	  parameters	  
–  mimics	  red	  shis	  space	  distorEons	  in	  linear	  regime	  
–  LA	  not	  important	  for	  Bispectrum;	  given	  a	  model	  for	  shape	  
dependence,	  QA	  contaminaEon	  may	  be	  fit	  out	  

•  Cures:	  Judicious	  galaxy	  selecEon?	  Modeling?	  


