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Density correlations: scale-limited

Primordial perturbation Cosmic web

Spin correlations: 3 orders of mag. smaller
in scale

I -
® S2*%>. ", Tracers of cosmic web:
o **|  halo and galaxy number
o’ e densities
!.o. °
~ 50 Mpc

The scale of galaxy spins

~30 kpc

Fossil tracers of cosmic tide:
halo and galaxy spins




Tracers of spin: spiral galaxies

* Ellipticity
* Sky alignment
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Ellipticity & sky alignment



Tracers of spin: spiral galaxies

* Ellipticity

* Sky alignment

* Two of {spiral parity, dust absorption, relative doppler effect}

Far Leaving
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Nearby Approaching

Ellipticity & sky alignment Spiral parity



Spin conservation of DM halo

* Tidal torque theory

Spin construction method:
Yu*+, PRL, 2020

Figure from:
Motloch*, Yu*+, Nat. Astron., 2021

* Misalignment between the inertia tensor I of the

protogalaxies and the large scale tidal field T they feel.



Spin conservation of DM halo

_ * N-body simulation and code:
* Tidal torque theory
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* Misalignment between the inertia tensor I of the

* Initial spin well modeled by the tidal torque theory

_ _ . * The potential field remains constant
protogalaxies and the large scale tidal field T they feel.
* Spin freezes at low redshift: fossil observable



lllustrisTNG simulation

Parameter Description

simulation name
side length of simulation box [Mpc/h]
dark matter particles

gas cells

tracer particles

dark matter particle mass [M /h]
average gas cell mass [M, /h]

redshift

sample counts

TNG100-1
75
1820°
18203
2 X 18203
5.1 x 10°
9.4 x 10°
127~0

4546

Counts of Halos and Mean Galaxy Counts per Halo (Galaxies with Stellar
Mass Threshold M, = 100 ' M ) in Different Mass Bins (Mass Units:

' M)
Halo Mass Halo Counts Mean Galaxy Counts per Halo
[10™5; 10*%) 2956 12
[10'2, 10'%5) 1051 24
(10", 10"%) 355 49
[0, 0= 124 13.2
[10'33, +00) 60 63.6
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Halo & galaxy evolution
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Early Universe,
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Halo & galaxy evolution

Early Universe, Present Universe,
protohalo & protogalaxy halo & galaxy



Sheng, Yu*+, Apd, 2023,
Baryonic Effects on Lagrangian Clustering
and Angular Momentum Reconstruction
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. . . . Sheng, Yu*+, Apd, 2023,
Lagranglan mass dlStI"IbUthﬂ Baryonic Effects on Lagrangian Clustering

and Angular Momentum Reconstruction
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Angular momentum direction correlations

Lagrangian-Lagrangian

DM-Gas
DM-Star

i, J L )

0.6
L 0.4 Qe DM-Gas
Qe DM-Star
0.2 Qe Gas-Star

115 12 125 13 135
logo(Miot /™1 M)

14

* Similar mass distributions — Strong spin
correlations

Sheng, Yu*+, Apd, 2023



Angular momentum direction correlations

Lagrangian-Lagrangian
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Angular momentum direction correlations

Lagrangian-Lagrangian
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Lagrangian-Eulerian

* Similar mass distributions — Strong spin
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DM

Spin direction reconstruction for baryons

logyo( Mot /R M)

* Spin reconstruction formula:

(Tq)

(1q, +)
lk Same proto-scales
for all species

I'eCo
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wWipdr)
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where Tq is the Lagrangian scale for the
total mass ( Yu+, PRL, 2020).

=02
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* Similar to the tidal torque theory More massive

TTT _
Ji = €kl Tk

Sheng, Yu*+, ApJ, 2023

Larger Lagrangian torquing scale



Observations

* For SDSS galaxies, weak (2%) but significant (30)
detection of correlation between galaxy spin
directions and cosmic initial conditions
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Observations

* For SDSS galaxies, weak (2%) but significant (30)
detection of correlation between galaxy spins and
cosmic initial conditions

* From galaxy locations (ELUCID, Wang+, 2014, 2016) ooz}
we can infer (spin reconstruction) galaxy spins

* Many physical processes & systematics involved g
* Density reconstruction error WV
N
. - — 7=0.80 — 7=0.90 No GZ
* Lagrangian space remapping, RSD — T=085 T=095 °
. . o 1 2 3 4 5 &6
* Observations of spin r Mpc 1)

* Baryonic processes Motloch*, Yu*+, Nat. Astron., 2021



Maximally achievable spin direction correlation

* Baryon spins can also be reconstructed.
* Weak mass dependency

* Results are similar for total mass
distribution of species, or only for the
central galaxy (CG).
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Maximally achievable spin direction correlation

Baryon spins can also be reconstructed.

* Weak mass dependency

* Results are similar for total mass :
distribution of species, or only for the 04t

central galaxy (CG). fos
* With known ICs, known Lagrangian o2
coordinates, known 3D angular o
momenta at low-redshifts, the spin |
direction correlation is around 40%. ol
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logyo(Miot/h ™ M)

* Cf. 2% in Motloch*, Yu*+ 2021.

Sheng, Yu*+, ApdJ, 2023



_ _ Sheng, Zhu, Yu*+, in preparation,
Angular momentum magnitude correlations Spin Speed and Supportedness
Correlation and Evolution of Galaxy-Halo
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Angular momentum magnitude correlations
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Spin Speed and Supportedness

Correlation and Evolution of Galaxy-Halo

DM vs Gas
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Angular momentum magnitude correlations

DM Lagrangian vs Eulerian Gas Lagrangian vs Eulerian
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: : Sheng, Zhu, Yu*™+, in preparation
Angular momentum magnitude correlations ° Prep

« Gas traces the spin magnitude of DM halo and the primordial spin magnitude;

» The traceability of stars depends on f,.;

« Galaxy-halo correlations are effected by the similarity of their co-evolution histories.
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Summary

CUBE simulations (N-body simulations):

* The correlation between DM halo and protohalo spin;

* Spin reconstruction method.

MlustrisTNG simulations:

* Baryonic effects on spin correlation;

* Galaxy baryonic spins can potentially be used in reconstructing the cosmic initial perturbations.
Observational data:

* The correlation between galaxy spins and cosmic initial conditions.

Reference:

Sheng, Zhu, Yu* et al., in preparation, Spin Speed and Supportedness Correlation and Evolution of Galaxy-Halo Systems
Sheng, Yu® et al., Apd, 2023, Baryonic Effects on Lagrangian Clustering and Angular Momentum Reconstruction

Sheng, Li, Yu™ et al., PRD, 2022, Spin conservation of cosmic filaments

Wu, Yu® et al., PRD, 2021, Spin Mode Reconstruction in Lagrangian Space

Motloch®, Yu” et al., Nat. Astron., 2021, Observational detection of correlation between galaxy spins and initial conditions
Yu® et al., PRL, 2020, Probing Primordial Chirality with Galaxy Spins Tha n k yO u






Original simulation ~ Constrained simulation

ELUCID
HMC method

Density reconstruction --
Huiyuan Wang+, 2014, 2016 --

-

»

Hamiltonian Markov Chain Monte Carlo (HMC)



Original simulation ~ Constrained simulation

not quite similar

similar/(dersity)

Spins + densities =
bette rrecon Stru Ctl on ? Hamiltonian Markov Chain Monte Carlo (HMC)

-
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Appendix
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ELUCID
HMC method not quite similar
Density reconstruction

Wang+, 2014, 2016

try result

- :

similar

Hamiltonian Markov Chain Monte Carlo (HMC)



