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IN THIS TALK

Explore the interplay between the cosmic web and halo/

galaxy properties.


Spin and shape

1. P. Ganeshaiah Veena, M. Cautun, R. van de Weygaert, E. Tempel, B.J.T 
Jones, S. Reider, C.S. Frenk; MNRAS, Volume 481, 2018.


2. P. Ganeshaiah Veena, M. Cautun, E. Tempel, R. van de Weygaert, C.S. 
Frenk; MNRAS, Volume 487, 2019.


3. P. Ganeshaiah Veena, M. Cautun, R. van de Weygaert, E. Tempel, C. S. 
Frenk; preprint arXiv:2007.10365, 2020.
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Tidal Torque Theory: Hoyle 1949, Peebles 1969, Doroshkevich 1970, White 1984, Catalan & Theuns 1996, Porciani et al 2002, Schäfer 2009

Codis et al 2015

Ji(t) = a2 ·D(t)ϵijk Tjl Ilk

Tjl =
∂2ϕ(q)
∂qj∂ql

Angular momentum grows linearly until turn-around.

Ilk = ∫VL

d3qρ(q)qlqk
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Ji(t) = a2 ·D(t)ϵijk Tjl Ilk

Tjl =
∂2ϕ(q)
∂qj∂ql

Angular momentum grows linearly until turn-around.

Ilk = ∫VL

d3qρ(q)qlqk

Tidal fi



We expect a correlation between halo/galaxy 
spins and the cosmic web.
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Halo formation from a CDM simulation

Credit: https://www.youtube.com/watch?v=jAwDgUInq8Y

https://www.youtube.com/watch?v=jAwDgUInq8Y


8IN THIS TALK - COSMIC WEB AND HALO/GALAXY SPIN



1. Does the cosmic web environment influence halo spin 
magnitude and orientation? How are spins aligned  
with the underlying geometry of the cosmic web?

8IN THIS TALK - COSMIC WEB AND HALO/GALAXY SPIN



1. Does the cosmic web environment influence halo spin 
magnitude and orientation? How are spins aligned  
with the underlying geometry of the cosmic web?

2. How does the halo/galaxy spin alignments depend on 
the filament properties?

8IN THIS TALK - COSMIC WEB AND HALO/GALAXY SPIN



1. Does the cosmic web environment influence halo spin 
magnitude and orientation? How are spins aligned  
with the underlying geometry of the cosmic web?

2. How does the halo/galaxy spin alignments depend on 
the filament properties?

3. How do spin-alignments evolve with time?

8IN THIS TALK - COSMIC WEB AND HALO/GALAXY SPIN



1. Does the cosmic web environment influence halo spin 
magnitude and orientation? How are spins aligned  
with the underlying geometry of the cosmic web?

2. How does the halo/galaxy spin alignments depend on 
the filament properties?

3. How do spin-alignments evolve with time?

4. Halo-galaxy connection: How does galaxy alignment 
compare to its halo spin alignment? How does it relate 
to galaxy morphology?

8IN THIS TALK - COSMIC WEB AND HALO/GALAXY SPIN



QUESTION: COSMIC WEB AND HALO SPIN MAGNITUDE

PLANCK-MILLENNIUM SIMULATION 

▸ Planck cosmology run 
in ICC, Durham


▸ 800 Mpc box


▸ 128 billion dm 
particles


▸ Particle mass ~


▸ Large number of 
haloes

9

108M⊙/h



PLANCK-MILLENNIUM SIMULATION - MASS FUNCTION

~36 million haloes at 
z=0

10

~2.8 million haloes 
chosen for this study
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COSMIC WEB AND HALO SPIN MAGNITUDE

PLANCK-MILLENNIUM SIMULATION - SPIN PARAMETER
12
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Spin of haloes is small


Haloes in fi




1. Does the cosmic web environment influence halo spin 
magnitude and orientation? How are spins aligned  
with the underlying geometry of the cosmic web?
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▸ Velocity shear


▸ Dynamical signature


Morphology: eigenvalue conditions 


Multiscale detection


 Spine of fi

WEB DETECTION - DENSITY BASED AND VELOCITY BASED METHODS

NEXUS + NEXUS VELOCITY SHEAR

14

̂e3

▸ Input tracer field - density field


▸ Geometry of matter distribution


NEXUS  – Multiscale cosmic web detection formalism developed at Kapteyn Institute, Groningen [Aragon-Calvo et al 2007; 
Cautun et al 2013]
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MMF/NEXUS  – Multiscale cosmic web detection formalism developed at Kapteyn Institute, Groningen [Aragon-Calvo et al 2007; Cautun et al 2013]
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MMF/NEXUS  – Multiscale cosmic web detection formalism developed at Kapteyn Institute, Groningen [Aragon-Calvo et al 2007; Cautun et al 2013]



ALIGNMENT - ABSOLUTE OF THE COSINE

𝑒̂3

𝐽
𝜃

cos θJ,e3
=

J ⋅ e3

|J | |e3 |

cos(θ) = 1 ⟶ Parallel

cos(θ) = 0.5 ⟶ No preferential alignment

cos(θ) = 0 ⟶ Perpendicular

16
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Tidal Torque Theory: Hoyle 1949, Peebles 1969, Doroshkevich 1970, White 1984, Catalan & Theuns 1996, Porciani et al 2002, Schäfer 2009

Codis et al 2015
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Tidal Torque Theory: Hoyle 1949, Peebles 1969, Doroshkevich 1970, White 1984, Catalan & Theuns 1996, Porciani et al 2002, Schäfer 2009

Codis et al 2015

Ji(t) = a2 ·D(t)ϵijk Tjl Ilk

J1 ∝ (λ2 − λ3)I23

J3 ∝ (λ1 − λ2)I12

J2 ∝ (λ3 − λ1)I31 λ1 ≥ λ2 ≥ λ3

If the tidal tensor and the inertia tensor are 
initially uncorrelated, then we expect that 

haloes/galaxies are spinning perpendicular 
to the fi


If they are correlated, then it is more 
complex. 



GALAXY ALIGNMENTS IN OBSERVATIONS 18

Jones et al 2010; Tempel et al 2013; Welker et al 2020
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GALAXY ALIGNMENTS IN OBSERVATIONS 18

Jones et al 2010; Tempel et al 2013; Welker et al 2020

Galaxies are not randomly oriented 
with fi

 Ellipticals are preferentially 
perpendicular and spirals are 

preferentially parallel to the fi


Mass dependant alignment, SAMI 
survey using IFS - Welker et al 2020
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HALO MASS DEPENDENT ALIGNMENT - PLANCK MILLENNIUM SIMULATION 19

Aragón-Calvo et al 2007; Hahn et al 2007; Codis et al 2012; Trowland et al 2013; Tempel et al 2013; Forero-
Romero et al 2014;  Welker et al 2014; Wang et al 2017, 2018; Ganeshaiah Veena et al 2018; Kraljic et al 
2019; Lee et al 2019.
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NEXUS + VELOCITY SHEAR
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Halo spin magnitude depends on the cosmic 
web environment.


Halo spin orientation with respect to 
fi
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QUESTION: DO WEB-FINDERS AFFECT ALIGNMENTS?

COMMON HALOES
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Perpendicular
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TRANSITION MASS AND WEB FINDERS

log10 Mspin−flip/(h−1M⊙) = mDf + c,

22

Table from: P. Ganeshaiah Veena thesis, table 1, page number 34



1. Does the cosmic web environment influence halo spin 
magnitude and orientation? How are spins aligned  
with the underlying geometry of the cosmic web?


2. How does the halo spin-filament alignment depend on 
the filament properties?


3. How do spin-alignments evolve with time?


4. Halo-galaxy connection: How does galaxy alignment 
compare to its halo spin alignment? How does it relate 
to its morphology?

23IN THIS TALK - COSMIC WEB AND HALO/GALAXY SPIN



MASS FRACTION IN THE UNIVERSE - EAGLE SIMULATION 24

P. Ganeshaiah Veena, M. Cautun, E. Tempel, R. van de Weijgaert 
and C. Frenk, 2019. 

Nexus+ filaments, from Cautun et al 2014.
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FILAMENT THICKNESS

log10 Mspin−flip/(h−1M⊙) = mDf + c,
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Halo angular momentum acquisition is 
inflfi
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1. Does the cosmic web environment influence halo spin 
magnitude and orientation? How are spins aligned  
with the underlying geometry of the cosmic web?


2. How does the halo/galaxy spin alignment with the 
cosmic web depend on the filament properties?


3. How do spin-alignments evolve with time?


4. Halo-galaxy connection: How does galaxy alignment 
compare to its halo spin alignment? How does it relate 
to its morphology?
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SPIN ALIGNMENT EVOLUTION 29

TRANSITION MASS

EVOLUTION 
WITH TIME
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P. Ganeshaiah Veena et al 2020



THIN FILAMENTS
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z=0

z=2

P. Ganeshaiah Veena et al 2020
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Higher fraction of parallel haloes at recent 
times.


Transition mass increases with fi
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TRANSITION MASS

EVOLUTION WITH 
TIME

FILAMENT 
PROPERTIES - 

THICKNESS

WEB FINDER

INCREASES WITH TIME

INCREASES WITH FILAMENT THICKNESS

What could be the physical 
mechanism? 
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INNER HALO FRACTIONS
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1. Transition mass increases with filament 
diameter.
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STALLED HALO

LATE TIME ACCRETION - Borzyszkowski, Porciani, Romano-Díaz, Garaldi 2017 

▸ Thin filaments


▸ Accretion - perpendicular spin


▸ Isotropic

35

Halo spin and shape alignments in the cosmic web 433

Figure 19. Flow pattern along a filament in the cosmic web. The image
shows the flow-lines in two mutually perpendicular planes centred on a
galaxy-sized halo in the COSMOGRID simulation (see e.g. Ishiyama et al.
2013). The planes are defined by the eigenvectors of the inertia tensor of
the mass distribution on a 2 Mpc scale. The first panel show the flow along
the filament in which the halo is embedded, while the second panel offers a
cross-section view, showing the accretion flow onto the filament.

group of stalled haloes are found in regions of strong external tidal
field, for example they are embedded in filaments much thicker than
the halo size, and mostly accrete from directions perpendicular on
their host filament orientation (see fig. 10 of Borzyszkowski et al.
for a visualization of the striking contrast between accreting and
stalled haloes). Thus, the stalled haloes have spins mostly parallel
to their host filament. The fraction of accreting versus stalled haloes
is mass dependent, with the fraction of accreting haloes increasing
rapidly with halo mass.

Figure 20. A schematic representation of the mass distribution around and
the infall patterns of accreting and stalled haloes. In each panel, the circle
represents the halo, the raster pattern indicates the position and extent of
filaments, and the red and blue arrows show the direction and magnitude
of the average velocity flow. Accreting haloes (top panel) are embedded
in filaments that are thin compared to their radius and accrete matter from
all directions. Due to the higher density of filaments, the majority of mass
growth is due to infall along filaments and leads to a net increase in halo
spin perpendicular to the filament. Stalled haloes typically reside in thick
filaments with large velocity gradients (centre panel), which are indicated by
longer arrows on the left-hand side of the panel than on the right-hand side.
When viewed in the reference frame of the stalled halo (bottom panel), the
surrounding matter flows away along the filament and infall can only take
place from directions perpendicular to the filament. The inhomogeneities in
the distribution of accreted mass impart a net spin that points preferentially
along the filament.

The dichotomy in terms of spin–filament alignment between ac-
creting and stalled haloes provides a natural explanation for the
trends we found in this work. While accreting haloes dominate the
population of high-mass haloes, the converse is true for low-mass
haloes. This suggests that the spin–filament alignment should vary
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Figure 17. The alignment between the shape and spin of haloes. Top panel:
the distribution of the alignment angle, cos θsc; J , between halo short axis
and halo spin for haloes of three different masses: low mass, M200 = (5–9)
× 1010 h−1 M#, intermediate mass, (3–5) × 1011 h−1 M#, and high mass,
M200 = (3–5) × 1012 h−1 M#. Bottom panel: the median alignment angle,〈

cos θsc; J
〉

, between halo minor axis and halo spin as a function of halo
mass. In both panels we show only filament haloes, which are the subject of
this paper.

the orientation of halo velocities with respect to the filaments in
which they reside. To this end, we calculate the alignment angles
between the halo bulk velocity and the three orthogonal directions
that determine the principal axes of filaments: e3, which is the
orientation of the filament ridge, and e1 and e2, which give the
principal directions perpendicular to the filament.

Fig. 18 shows the median of the alignment angle between halo
velocity and the three principal axes of filaments, as a function
of halo mass. Overall, we find that the haloes flow preferentially
parallel along the filament (Forero-Romero et al. 2014). While the
velocity component along the filament represents the major share
of the flow, the perpendicular components are a combination of the
substantial level of mass accretion on to the filament and the velocity
dispersion in the filament cross-sectional plane. Also, no bias is
seen in flow properties between high-mass and low-mass haloes.
The slight differences between NEXUS+ and NEXUS velshear results
may be ascribed to the fact that the NEXUS+ filament population
also includes dynamically weaker tendrils, with the haloes inside
the tenuous filaments being slightly less likely to flow parallel to
the filaments.

Secondary accretion (Bertschinger 1985) represents the key for
understanding how the anisotropic filamentary shear inflow is re-

Figure 18. The median alignment angle,
〈

cos θv;ex

〉
, between the halo bulk

velocity and the preferential axes of filaments. It shows the alignment with
the filament orientation, e3 (purple lines), and with the principal directions
perpendicular to the filament, e1 and e2 (red and green lines, respectively).
All haloes irrespective of their mass move preferentially along the direction
of the filament and they show a coherent accretion inflow along the cross-
sectional plane of filaments.

sponsible for the observed spin flip of low-mass galaxies (see e.g.
van Haarlem & van de Weygaert 1993). Fig. 19 provides an im-
pression of the typical flow patterns along and perpendicular to a
filament. It shows the flow-lines in two perpendicular planes cen-
tred on a galaxy-sized halo in the COSMOGRID simulation (Ishiyama
et al. 2013). Compared to Fig. 18, which describe the flows of in-
dividual tracers, the flow lines characterize the mean flow at each
point. The flow in and around the filaments is a combination of
shear and divergent flow, which are themselves due to a combina-
tion of the outflow from neighbouring voids and the flow along the
filament. In general, haloes accreted mass both along the filaments
(e.g. see the top panel in Fig. 19) and also perpendicular to their
host filament. The former tends to preferentially increase the halo
spin component that is perpendicular on the filament, while the lat-
ter increase the spin component parallel to the filament. Which of
the two dominates depends on the balance between accretion along
and perpendicular to the host filament. As we will discuss shortly,
this balance depends on a combination of the mass and the local
neighbourhood of a halo.

The acquisition of halo angular momentum through secondary
accretion results from the transfer of orbital angular momentum,
which yields a non-zero residual spin for the halo. It is due to
anisotropies in the distribution of accreted mass, such as spatial
inhomogeneities (e.g. filamentary infall) as well as mergers with
matter clumps. The majority of large and rapid changes in halo spin
are caused by mass changes, minor mergers and flyby encounters,
and not by major mergers (Bett & Frenk 2012, 2016; Contreras,
Padilla & Lagos 2017).

Borzyszkowski et al. (2017, see also Romano-Dı́az et al. 2017;
Garaldi et al. 2018) describes how haloes can be divided in two
groups: haloes that are still accenting and those that have stopped
most of their mass accretion, so called stalled haloes. The large-scale
mass distribution and velocity flow patterns around these two halo
types are illustrated in Fig. 20. Accreting haloes typically consists of
haloes that are the main perturber in their neighbourhood, they sit at
the intersection of several filaments and accrete preferentially along
these filaments. Thus, accreting haloes are expected to have their
spin preferentially perpendicular on their host filament. The latter
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this paper.
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van Haarlem & van de Weygaert 1993). Fig. 19 provides an im-
pression of the typical flow patterns along and perpendicular to a
filament. It shows the flow-lines in two perpendicular planes cen-
tred on a galaxy-sized halo in the COSMOGRID simulation (Ishiyama
et al. 2013). Compared to Fig. 18, which describe the flows of in-
dividual tracers, the flow lines characterize the mean flow at each
point. The flow in and around the filaments is a combination of
shear and divergent flow, which are themselves due to a combina-
tion of the outflow from neighbouring voids and the flow along the
filament. In general, haloes accreted mass both along the filaments
(e.g. see the top panel in Fig. 19) and also perpendicular to their
host filament. The former tends to preferentially increase the halo
spin component that is perpendicular on the filament, while the lat-
ter increase the spin component parallel to the filament. Which of
the two dominates depends on the balance between accretion along
and perpendicular to the host filament. As we will discuss shortly,
this balance depends on a combination of the mass and the local
neighbourhood of a halo.

The acquisition of halo angular momentum through secondary
accretion results from the transfer of orbital angular momentum,
which yields a non-zero residual spin for the halo. It is due to
anisotropies in the distribution of accreted mass, such as spatial
inhomogeneities (e.g. filamentary infall) as well as mergers with
matter clumps. The majority of large and rapid changes in halo spin
are caused by mass changes, minor mergers and flyby encounters,
and not by major mergers (Bett & Frenk 2012, 2016; Contreras,
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Garaldi et al. 2018) describes how haloes can be divided in two
groups: haloes that are still accenting and those that have stopped
most of their mass accretion, so called stalled haloes. The large-scale
mass distribution and velocity flow patterns around these two halo
types are illustrated in Fig. 20. Accreting haloes typically consists of
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1. Does the cosmic web environment influence halo spin 
magnitude and orientation? How are spins aligned  
with the underlying geometry of the cosmic web?


2. How does the halo/galaxy spin alignment with the 
cosmic web depend on the filament properties?


3. How do spin-alignments evolve with time?


4. Halo-galaxy connection: How does galaxy alignment 
compare to its halo spin alignment? How does it relate 
to its morphology?

38IN THIS TALK - COSMIC WEB AND HALO/GALAXY SPIN
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Marked point process (Bisous model)
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The key idea is to see the 
filamentary network as a object 
point process.!

Cylinders are simplest objects to 
define a piece filament.!

Interactions help to form a 
network.!

Metropolis-Hastings algorithm 
(together with simulated 
annealing) to sample probability 
distribution.
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HALO AND GALAXY SPIN ALIGNMENTS IN EAGLE
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DISC AND BULGE DOMINATED
48QUESTION: DOES GALAXY MORPHOLOGY AFFECT ALIGNMENTS OF HOST HALOES?

Haloes of disc galaxies

Haloes of bulge galaxies

P. 
G

an
es

ha
ia

h 
Ve

en
a 

et
 a

l 2
01

9



DISC AND BULGE DOMINATED
48QUESTION: DOES GALAXY MORPHOLOGY AFFECT ALIGNMENTS OF HOST HALOES?

Haloes of disc galaxies

Haloes of bulge galaxies

Although no discs parallel, we 
found host haloes of discs are 

parallel.

P. 
G

an
es

ha
ia

h 
Ve

en
a 

et
 a

l 2
01

9



49QUESTION: HALO-GALAXY CONNECTION- IS IT POSSIBLE TO PREDICT HOW HALOES 
ARE ALIGNED IF WE KNOW HOW THEIR GALAXIES ARE ALIGNED?

e3

b a
Galaxy alignments with filament in EAGLE 15

Figure 13. Galaxy–halo minor axis alignment for galaxy subsamples
selected according to the galaxy minor axis–filament alignment angle.
The plot shows the median alignment angle between the minor axis of cen-
tral galaxies and that of their host haloes. We show results for all galaxies
(black) as well as for two galaxy samples selected to have their minor axis
along the filament (so called parallel galaxies shown in purple) or perpen-
dicular to the filament (so called perpendicular galaxies shown in brown).
Galaxies perpendicular to filaments show a larger alignment with their host
haloes.

To better understand the processes affecting the galaxy–
filament alignment, we proceed by selecting two galaxy subsam-
ples: one composed of galaxies that have their minor axis paral-
lel to the filament and a second one composed of galaxies with
minor axis perpendicular to the filament. For clarity, we refer to
the two subsamples as parallel and perpendicular galaxies. To have
a large enough sample, we define the galaxies with parallel mi-
nor axis–filament orientations as those with small misalignment
angles, that is those with cos ✓Scstar,e3 > 0.8. Similarly, we de-
fine the galaxies with perpendicular minor axis–filament orienta-
tions as those with a misalignment angle close to 90�, that is those
with cos ✓Scstar,e3 6 0.2. Each of the two subsamples consist of
roughly 20% of the total galaxy population.

Galaxy and halo shapes are moderately aligned (see e.g. Fig-
ure 12) and thus it should not be surprising that parallel galaxies
reside in haloes whose minor axis is also predominately parallel
to the filament axis. Similarly, perpendicular galaxies are found in
haloes whose minor axis is predominately perpendicular to the fila-
ment axis. More interestingly is to study how the galaxy–halo shape
alignment varies between perpendicular and parallel galaxies. This
is because the galaxy minor axis–filament alignment is weak and
should not affect noticeably the galaxy–halo alignment.

Figure 13 shows the median galaxy–halo minor axis align-
ment angle for the two subsamples of parallel and perpendicular
galaxies. It clearly highlights that galaxies perpendicular to their
filaments have a larger degree of alignment with their host haloes.
In contrast, galaxies oriented along their filament axis have poorer
alignments with their haloes. It suggest that the same processes
that affect the galaxy shape–filament alignment play an important
role for the galaxy–halo alignment too. For examples, galaxies and
haloes embedded in filaments that remain stable over long periods
of time are more likely to experience anisotropic infall along the
same time-independent directions. This would lead to a stronger
alignment between the galaxy and its halo (van Haarlem & van de
Weygaert 1993). Furthermore, this would also lead to a preferen-
tially perpendicular alignment of galaxy and halo minor axes with

the host filament since accretion preferentially takes place along
the filament direction. On the other hand, objects whose cosmic
web environment changes rapidly with time experience different
anisotropic infall directions at various times. Most of the galaxy
stellar mass is acquired at early times, while haloes are still assem-
bling at late times. Thus, on average, such galaxies are more poorly
aligned with their haloes.

A similar dichotomy in galaxy–halo alignment is present
when selecting parallel and perpendicular galaxies subsamples ac-
cording to the galaxy spin–filament alignment. In this case, we also
find that galaxies with spins perpendicular to their filaments are
better aligned with their host haloes. While the effect is about half
the size of the one seen in Figure 13 and given the similarity, for
brevity we do not include a diagram to illustrate it.

4.5.2 Implications: satellite planes, halo shapes

The results illustrated in Figure 13, which are that galaxies whose
minor axis is perpendicular to their host filament are more likely
to be aligned with their host haloes, have two important implica-
tions. Shao et al. (2016) have found a similar result when studying
the alignment between central galaxies and their satellite galaxies:
systems where most satellites are in the plane of the baryonic disc
have a much higher galaxy–halo alignment. Thus, combining our
results and those of Shao et al., we predict that galaxies perpendic-
ular to filaments should have most of their satellites in the plane of
the galaxy disc. This prediction of the EAGLE simulation can be
checked observationally and represents one avenue for constrain-
ing the processes that affect the alignment of galaxies and haloes
with their host filaments.

Furthermore, our results can be used to test a fundamental
prediction of the standard cosmological model: that galaxies are
embedded in flattened dark matter haloes. A possible test of this
prediction would involve stacking weak lensing maps of multiple
galaxies and measuring the average flattening of their DM halo (see
e.g. van Uitert et al. 2017). To do so, one needs to know the orien-
tation of the DM halo. Using galaxy orientations does not work
due to galaxy–halo misalignment and makes it very challenging to
measure halo shapes (see e.g. Bett 2012, and references therein).
Selecting a subset of galaxies perpendicular on their filament im-
proves the galaxy–halo alignment and could represent an improved
approach for measuring halo shapes.

5 CONCLUSIONS AND DISCUSSIONS

The principal purpose of this study is to investigate how far sec-
ondary processes alter the original spin of haloes and galaxies.
While the spin of haloes and galaxies is initially generated by tidal
torques (Hoyle 1949; Peebles 1969; Doroshkevich 1970; White
1984), a range of nonlinear and baryonic processes are likely to al-
ter the evolution of this fundamental property of galaxies. Because
the large-scale tidal field is the agent behind the contraction of mass
into elongated filaments, the tidal torque theory leads to the expec-
tation that halo and galaxy spins should tend to be oriented perpen-
dicular to the filaments in which they are embedded (see e.g. Lee &
Penn 2000; Jones & van de Weygaert 2009). Hence, by relating the
spin of haloes and galaxies to their cosmic web environment we
seek to identify the processes which affect the rotation of haloes
and galaxies.

The simulation-based studies of Aragón-Calvo et al. (2007b)

MNRAS 000, 1–18 (2019)
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spin faster. 

𝑒̂3

𝐽

𝑒̂3

𝐽

cos(θ) ≥ 0.8 ⟶ Parallel

cos(θ) ≤ 0.2 ⟶ Perpendicular

θ ≤ 36∘

θ ≥ 80∘
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▸ Cosmic web environment influences halo/galaxy spin magnitude 
and orientation.

▸ Definition of filament or filament detection method is crucial when 
dealing with weak signals. 

▸ Transition mass is influenced by several factors such as host 
filament properties, cosmic time and anisotropy of the web 
environment. 

▸ Galaxies are more perpendicular to filaments than their host haloes 
and their spin alignments depends on their mass and morphology. 

▸ Host haloes of parallel and perpendicular galaxies show different 
degree of alignments with their galaxies.   
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▸ Dark matter halo - galaxy connection: How does galaxy alignment 
compare to its halo spin alignment? 


▸ A window into galaxy formation? Spirals and ellipticals show different 
alignments with respect to large scale filaments in observations.


▸ Spin alignments hold information of the early Universe and also help 
in correct interpretation of weak lensing measurements. 


▸ How do different filament properties influence halo/galaxy evolution? 

Dark matter halo
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▸ If you wish to test how your results vary with the cosmic web 
environment, then I have techniques to extract cosmic web 
information - best work for filaments.


▸ Any predictions related to the properties of LSS, I can help test 
it in simulations - eg. neutrinos, fuzzy dark matter etc.


▸ Can we use H1 21cm and/or Ly-alpha as tracers to detect 
cosmic filaments? 


▸ Interested in exploring the galaxy spins as relics of early 
Universe - looking for ideas and collaborations. 


▸ Also interested in applying deep learning techniques to detect 
the cosmic web. 
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Thank you!


Ways to reach me:


Office : 441


Email: punyakoti.gv@gmail.com 
punyakoti@theory.tifr.res.in

mailto:punyakoti.gv@gmai.com
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