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THE Open GADGET3 CODE: A STATE-OF-THE-ART CODE FOR HPC

Scientific rationale

& Numerical cosmology

& Structure formation and evolution

Credits: K. Dolag
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® Different physical phenomena
across a wide range of scales:
sub-resolution models essential
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WHY SUB- RESOLUTION PHYSICS: DYNAMICAL CHALLENGE
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Kong+ 2018

Star formation:

green: 7.3 - 9.6 km/s
blue: 4.8 - 7.1 km/s

accretion of gas from the large scale (~Mpc)

gas cooling to form HI (~kpc)

formation of molecular clouds (~10 - 100 pc)

DEC. (J2000)

H> fragmentation and accretion to clumps and cores (~1 - 0.1 pc)

subsequent contraction of cores to form stars (~10-8 pc)

zpcOrlon A l
molecular cloud !f

~% Dynamical challenge (“coupled” physics)

from physics on large scales «

% ~¥ Physics on small scales is qualitatively different
l
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IMPACT OF NUMERICS AND SUB-GRID PHYSICS
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@ Sub-resolution physics modelling is crucial

@ Resolution and the hydrodynamic scheme
play a significant role
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THE OpenGADGET3 CODE: A STATE-OF-THE-ART CODE FOR HPC
The OpenGadget3 code

— MUPPI sub-resolution model — — —_—

TreePM+SPH code
Highly optimised code: MPI parallelised + OpenMP

Two hydro solvers: improved SPH formalism or MFM

® & & & @

® Runs on CPUs and GPUs

in HPC,

Big Data and Quantum Computing
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Two sub-grid models (Muppi, and one based on Springel&Hernquist 2003)

Several modules for sub-resolution physics: star formation, stellar feedback, BH accretion
and feedback, chemical enrichment, dust evolution, magnetic fields, cosmic rays

TE

[
|

description of a multi-phase ISM with H» -based star formation
thermal, kinetic, and low-metallicity stellar feedback
improved cooling table interpolation

stellar evolution and chemical enrichment skar ﬂformaﬁom

angular-momentum-dependent gas accretion, dynamical friction, spin evolution |

isotropic, thermal AGN feedback + mechanical AGN feedback RH

formatlon and evolution of dust and dust-assisted coollng Ausk
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Main tasks within the WP 2 of Spoke 3 —

Develop Open-GADGET further:

# including additional physics modules

& enhancing code modularity and readability

& improving code performance

Core teams in Trieste and Munich
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BLACK HOLE DYNAMICS IN COSMOLOGICAL SIMULATIONS

DYNFRIC DYNMASS REPOS Sty Damiano, Valentini, Borgani+ 2024

—» New approach to correct for the effect of
unresolved dynamical friction on the orbits
of BH in cosmological sims:
increased efficiency in centering BHs and
accurate spiraling of BH orbits during mergers

Event 1

~  Correcting for unresolved dynamical friction provides
good BH centering, reduces wandering BHSs,
captures fairly BH-BH mergers

Event 2

Adopting different numerical prescriptions for
BH re-positioning has an impact
on BH dynamics, AGN feedback, BH-BH mergers

Event 3

p+ (g cm™)
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2=7.04,gas

MODELLING THE EVOLUTION OF THE BLACK HOLE SPIN

Sub-resolution accretion disc links BH accretion on resolved scales to BH spin evolution

BH spin direction and magnitude — angular momentum of accreting gas
and mergers with other spinning BHs

BH radiative efficiency dependent on BH spin

197.8 Myr Sala, Valentini+ 2024
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EAGER: Evolution of gAlaxies and Galaxy clustErs in high-Resolution cosmological simulations

BH vs stellar mass relation

Main scientific goal of the project: 1L o clipticals - KH2013 : o Z,f
. . . . - A classical bulges - 0® &
@ investigate the connection between super-massive BHs and host e e o1 o °®
o p g 3 2 o
- - 1093‘ MW A_©A® opn 180
galaxies, and the large-scale environment = ’ @°® o
o
Spiral
Massive elliptical
$ Z L1l 111l L1l
106 3 2 1 0.5 0.1 1010 1011 1012
— - - - _ ~’5ﬂ'3'd'ﬁ rer']'t Stellar Mass (Mg)
80 <01Ry — U
From MW-lik — gub areh,
IKE T 60 — flavoors?
galaxy, to Ellipticals 3
=
and small boxes, =
, N
to galaxy clusters
and large volumes

Milena Valentini | 19 Settembre 2024

Cosmic time (Gyr)

S Annual
< Meeting

YCICSC



Finanziato #%3% Ministero - o I C S C
dall'Unione europea V% dell'Universita [taliadomani 0 b ol b
N e de"a Ricerca DU RIFRESA & RESILIENZA Big Data and Quantum Computing

NextGenerationEU

KEY SCIENCE PROJECTS WITHIN ICSC - SPOKE 3
SLOTH: Shedding Light On dark matter wiTH cosmological simulations

Main scientific goals of the project:

® theoretical understanding of primordial structure formation

® characterisation of the nature of dark matter

& exploitation and reliability of galaxy clusters as cosmological probes

Halo mass: FOF'; universal function: Sheth-Tormen
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Project Scope and Plan - Leonardo Early Access Program (LEAP)

Call for Leonardo Early Access Program
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CONCLUSIONS

—§ Cosmological hydrodynamical simulations are a key tool to study galaxy formation and evolution, but
different sub-resolution prescriptions affect final results

- Entered the era of HPC and fully exploiting the growing computational power from HPC facilities: our code
IS rather complete as for the inclusion of physical processes implemented, and computationally efficient

—P Our OpenGADGETS code is able to smoothly scale on state-of-the-art exascale infrastructures, and to
efficiently exploit CPUs and GPUs

O OpenGadget3 - Development =

- Code soon to be released: it will contribute
to allow us to study structure formation with |
unprecedented detail ! lssues - Merge branch 'FG_MFM_indent' into 'main_development' (-

Project -0- 2,419 Commits ¥ 5 Branches { 0 Tags £ 163.1 MiB Project Storage

| O OpenGadget3 - Development
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