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Abstract :  The  intrinsic  alignment  (IA)  of  galaxies  acts  as  a  systematic  effect  

in  weak  lensing  measurements and  tends  to  introduce  biases.   It  mimics  the  

gravitational  lensing  signal  which  makes  it  difficult  to distinguish  it  from  the 

true  gravitational  weak  lensing  effect.  Hence,  it  is  critical  to  account  for  the 

noise for correctly interpreting the results.  This study aims at a quantitative analysis 

of IA using the Tidal Alignment and Tidal Torquing (TATT) model.  We also 

investigate how the signals for shear and galaxy-galaxy  lensing  behave  upon  

changing  the  parameters  of  the  TATT  model.   The  data  for  this study was 

prepared with a computational pipeline based on the Cocoa model to explore the 

parameter space  of  the  intrinsic  shape  signal.  Through  this  work,  we  identify  

that  linear  terms  of  the  intrinsic shape signal are dominant in the case of GGL 

while the higher-order terms dictate the shear signal. 

Keywords:  Intrinsic Alignments,  Weak Gravitational Lensing, Tidal Alignment, 

Tidal Torquing,  Cosmic Shear,  Galaxy Alignments 

1. Introduction

The  intrinsic  alignment  of  galaxies  is  the  correlation  of  galaxy  shapes

and  orientations  to  nearby  galaxies  and underlying  dark  matter  distribution 

(Joachimi  et  al.  2015;  Bhowmick  et  al.  2019).   It  allows  us  to  understand 

the evolutionary  history  of  galaxies  and  the  nature  of  dark  energy. 

However,  IA  is  a  source  of  systematic  error  in  weak gravitational lensing 

(WL) measurements (Troxel & Ishak 2014; Joachimi et al. 2015). 

Weak gravitational lensing is the phenomenon in which foreground galaxies 
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and other large-scale structures distort the images of background galaxies 

because of their gravitational shear.  Statistical analysis of their correlations 

carries information  about  the  large-scale  structure  of  the  universe.  

Therefore,  these  weak  lensing  signals  have  emerged  as probes  for  studying  

cosmic  structures,  distribution  of  underlying  dark  matter,  and  for  studying  

different  expansion models of the universe (Brainerd et al. 1996). 

Nevertheless, the precision with which we can measure the weak lensing 

signal depends on how well we can differen- tiate the IA signal from it.  And, to 

address the issue of intrinsic alignment an in-depth understanding of galaxy bias 

and tidal fields is warranted (Mandelbaum 2018) 

The  Tidal  Alignment  and  Tidal  Torquing  Model  first  proposed  by  

Blazek  et  al.  (2019)  incorporates  both  the tidal  forces  that  affect  the 

alignment  of  galaxies  and  the  tidal  torque  for  the  angular  momentum  

dependent  pro- cesses.(Lamman et al. 2023).  In this work, we investigate how 

efficient is the TATT model in describing the intrinsic alignment of galaxies. 

2. Theoretical Background

Intrinsic Alignments are non-random orientations of the galaxies relative to

the large-scale structures of the Universe as a consequence of the gravitational  

interactions  and the anisotropic  nature of structure  formation (Kiessling  et al. 

2015).  The tidal torque theory forms the theoretical foundations for IA, that 

states angular momentum of a galaxy is influenced by the tidal forces exerted by 

the underlying matter distribution during the formation of the galaxy and the 

alignment of galaxies in their clusters is the result of asymmetric cluster 

formation (Doroshkevich 1970; Wesson 1984). The  IA  of  elliptical  galaxies  is  

under  the  influence  of  tidal  stretching,  where  the  gravitational  potential  

field  from nearby structures  distorts the shapes of galaxies along their 

gravitational  field lines (Hirata & Seljak 2004).  On the other hand spiral 

galaxies, acquire angular momentum through linear tidal torquing influencing 

their orientation with respect to surrounding matter (SCHA¨FER 2009).  This 

dichotomy in the alignment mechanism of elliptical and spiral galaxies in their 

local environment forms the basis of two main IA models; which are the Linear 

Alignment (LA) model for ellipticals and the Tidal Torquing model for spirals.1 

Intrinsic alignment is of great significance in cosmological studies, 

especially in the era of precision cosmology and its imprint is detected in 

cosmological observable, such as the cosmic microwave background (Larsen & 

Challinor 2016; LEWIS  &  CHALLINOR  2006),  galaxy  clustering  (Joachimi 

&  Bridle  2010),  and  most  notably,  weak  gravitational lensing (Mandelbaum 
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et al. 2006).  IA can introduce contamination which can lead to biased 

estimations of the cosmic shear,  which  in  turn  affects  the  accuracy  for  

cosmological  parameter  estimation,  as  is  revealed  in  the  works  of  Kirk et 

al. (2012). 

The Tidal Alignment and Tidal Torquing (TATT) model resulted from the 

amalgamation of Tidal Alignment and Tidal Torquing theories first suggested by 

Blazek et al. (2019) to account for the alignment of spiral galaxies as their 

orientations rely on angular momentum (Lamman et al. 2023).  The TATT model 

is parameterized by essentially four parameters:  A1  and η1  defining the 

amplitude and redshift scaling of the tidal alignment component relevant mostly 

to the elliptical galaxies and A2  and η2  capturing the higher-order torquing 

effects for spiral galaxies galaxies. 

3. Model Formulation

The intrinsic shape of a galaxy in terms of trace-free tidal tensor sij

expanded to second order can be represented as: 
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(Samuroff et al. 2021), where s and δ refer to the tidal field and matter over 

density. Now the amplitude C1 describing the alignment of galaxies can be 

written as, 
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and the tidal torqueing is given by 
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where 
14 1 2

1 5 10C M h    e (Brown  et  al.  2002)  is  the  constant  of  

normalization  and  z0  = 0.62  is  the  pivot redshift (Campos et al. 2023), D(z) is 

the growth factor of perturbations which is normalized to (1 + z) during matter 

domination. 
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4. Methodology
For  modeling  purposes,  we  generate  datavectors, based  on  the

COCOA model  (Miranda  et  al.  2021)  that  uses  the Cobaya framework 

(Torrado  &  Lewis  2021), that mock  LSST like data set.  These datavectors are 

modeled in two sets:  the first set that ignores higher order terms A2  and η2, and 

the second set that incorporates these.  The first set contains 25 datavectors which 

are unique combinations pertaining to  the  5  values  of  A1   and  η1   each.   These  

values  centered  around  the  fiducial  values  of  0.7  and  -1.7  of  A1   and  η1 

respectively.  Then  we  chose  3  values  for  each  of  the  parameters  A1,  η1,  

A2,  and  η2,  in  the  same  manner  as  for  the simplified model.  Their 

permutations resulted in 81 unique datavectors. The fiducial values we used in 

our analysis were obtained from Campos et al. (2023). 

After obtaining the two sets of datavectors, we carried out statistical analysis 

to check the fitness of our model and investigate its behavior with changes in the 

values of the parameters.  This was done by calculating the ∆χ
2
  for both the 

shear and the GGL signals for each of the generated datavectors against a fiducial 

datavector.  To only account for the relevant data we use a mask while 

populating the covariance matrix whose inverse is used to calculate the ∆χ
2
. 

Table  1.  Values of the IA parameters and their respective priors. 

Parameter Value Prior 

A1 0.7 U[−5, 5] 

A2 -1.36 U[−5, 5] 

η1 -1.7 U[−5, 5] 

η2 -2.5 U[−5, 5] 

bTA 1.0 U[0, 2] 

5. Results

5.1.   Analysis with Ignored Higher Order Terms

In Figure 1 we see higher ∆χ
2
  values as A1  increases or when the η1  

decreases.  However, the effect of change in η1 is less prominent when compared 

to the change in A1.  The ∆χ
2
 displays a similar behavior in the case of GGL with 

it being consistently higher than that for shear. This implies galaxy-galaxy 

lensing is more sensitive to changes in A1 and η1. 
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Fig.  1.  Scatter plots of ∆χ
2
 for shear and GGL for the simplified model 

5.2.   Analysis with Higher Order Terms 

The results of our analysis with higher order terms for the TATT model are 

displayed in figures 2, 3, 4, and 5. To study the behaviour of GGL and shear at 

different scales we take our analysis in two separate avenues: 

1. Computing ∆χ
2
  varying the parameters A2  and η2  keeping A1  and η1  fixed

2. Computing ∆χ
2
  varying the parameters A1  and η1  keeping A2  and η2  fixed

Upon fixing A1  and η1,  and varying A2  and η2  we see ∆χ
2
  values for GGL are

generally  higher than that for shear as was seen in the previous case.  For the 

case when we fixed A1 and η1, as expected, we see that the ∆χ
2
 tends to increase

with more extreme values of A2  and η2.  This change is more noticeable in the 

case of A2. This is consistent with the fact that deviations from fiducial values of 

the parameters lead to a poorer fit.  When we fix A2 and η2 the visible trend 

suggests that the ∆χ
2
 values increase rapidly with changing A1.  The other

inference that we can make is that the precision decreases with larger deviations 

from fiducial values.  e.g.- for A1  = 0.7, η1  = −1.7 the ∆χ
2
  varies within  the

range  ∈  [0.0, −1.6].  Similarly  for A1  = 0.8,  η1  = −2.2  the  ∆χ
2
  ∈  [∼  15.0,

32.5].  This leads to the other observation that the ∆χ
2
  for GGL maps a larger 

range of values when we change the parameter A1. Similarly, in the case  of 

shear,  a  larger  change  ∆χ
2
  is  seen  for  the  cases  when  we  vary  A2.  The

other assertion that can be made is that changes in η1  and η2 dominate GGL and 

shear respectively. 
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6. Conclusion

Fig.  2.  GGL - ∆χ
2
  with A1  and η1  constant

Fig.  3.  Shear - ∆χ
2
  with A1  and η1  constant



Intrinsic Shear and Galaxy Alignments … 

Orissa Journal of Physics,  Vol.31, No.1,  February 2024 11 

Fig.  4. GGL - ∆χ
2
 with A2 and η2 constant

Fig. 5. Shear - ∆χ
2
 with A2 and η2 constant
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In this work, we investigated the intrinsic alignment of galaxies, by applying 

the TATT model on a synthetic data set prepared as described in section 4.  

Initially, we worked with only the linear terms of the intrinsic shape that 

describes the  tidal  alignment  of  galaxies.  Then  we  incorporated  the  higher  

order  terms  that  A2  and η2,  which  form  the  tidal torquing parameter C2.  

Then we investigated how our model performs against the standard observational 

model and how GGL and shear signals react to changing the parameters. 

From our results of the ∆χ
2
  analysis, we have concluded that the GGL 

signal is dominated by the tidal alignment effect while tidal torque dominates the 

shear signal.  We also observe that the amplitudes A1  for tidal alignment and A2  

for  tidal  torquing  effects  carry  greater  significance  compared  to  the  power 

law  indices  η1  and η2,  which  describe the redshift evolution of the 

aforementioned amplitude terms. 
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