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The idea…  
 
trying to capture (some of) the interplay between large scale 
hydrodynamics and the physics of the ICM

..at moderate resolution 
(SN blasts & GMCs not resolved)
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MUPPI: MUlti Phase Particle Integrator

⦿ Star formation & feedback algorithm 
⦿ Implemented in GADGET-3 
⦿ Integrates ISM equations for each particle at each SPH 

time step 
⦿ Thermal energy not radiated away immediately 
⦿ Obtains SK relation without imposing it 

⦿ Gives ISM characteristics (averaged! – no details on 
outflow) 

⦿ Works in a given range of resolution scales!

Murante, Monaco, Giovalli, Borgani, Diaferio, 2010, MNRAS, 405, 1491

(See Monaco, Murante, Borgani, Dolag, 2012, MNRAS, 421, 2485)
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(Monaco+ 2004)
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ENERGY  FLOW(S..)
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(Blitz & Rosolowsky 2006) 
Pext≈ Ptherm with P0 = 35000 
(this parameter is tuned in our sims) 
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Ėhot = -Ėcool+Ėsn+Ėhydro

Multi-Phase particle

Δt, ΔS 
Ėhydro = ΔS/(γ-1)ρ(γ-1)Δt

Hydro

new ΔS

etc...

Energy exchanges
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Inspired by Blitz & 
Rosolowsky, we 
scale the molecular 
fraction with SPH 
pressure         
 
(NOT the same 
quantity the observers 
use!)

Note. This phenomenomenologically includes a number of astrophysic 
processes and feedbacks (turbulence, magnetic fields, cosmic rays, early 
stellar feedback…) PROS: it’s the reality. CONS: local, kpc-averaged  
(…but… resolution…)

May 10th, 2016



Ringberg castle - Computational Galaxy Formation

More characteristics
• Thermal energy given to neighbouring particles in a directional way 

• Chemical evolution (Tornatore et al 2007) 

• Metal dependent cooling (Wiersma tables) 

• Stocastic kinetic winds: a fraction of particles continously receive 
also kinetic energy from neighbouring particles. They decouple from 
the gas. Wind speed depends on local SF. In cosmological 
simulations, velocities up to 1000 km/s 
WORK IN PROGRESS…  

• Note: at these resolution, the form of the coupling of Efb with the 
gas is very important. 
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Cosmological disk galaxy simulations

(Stoehr+, 2002, MNRAS, 355, 84)

(See The Aquila comparison project, Scannapieco+,  2012, MNRAS,  423, 1726) 

Murante, Monaco, Borgani, Tornatore, Dolag, Goz, 2015, MNRAS, 447, 178
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Monaco+, 2012, MNRAS, 447, 1774

Goz+, 2015, MNRAS, 447, 1774
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Circularity Histograms
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Circular Velocity Profiles
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“weak convergence” wrt resolution…
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Tully-Fisher

Guedes et al. (2011)
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Barion 
conversion 
efficiencies
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Redshift evolution (AqC5)

Z=2.48

Z=2.02

Z=1.50

Z=1.01

Z=0.49
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Schmidt-Kennicutt relation
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MUPPI Boxes

18 Mpc/h, 2x2563 particles

• MEDIUM resolution:  
force: 0.5 kpc/h 
mass (gas): 5x106 Msun/h 

• About 20 galaxies more 
massive than 1010 Msun/h
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Bulge/Total mass ratios

May 10th, 2016

Mass: stars, 7.2x1010 Msun; gas,  3.4x1010  
 fbar:  0.075 (galaxy) 0.12 (halo) 
B/T: 0.21; mass of stellar disk: 5.65x1010  

approx. 105 baryon particles in the galaxy

A range of morphologies 
is present

Not all observables well fitted 
(e.g., z=0 mass function  
not satisfactory)
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              Galaxy SED with GRASIL3D  
Dominguez-Tenreiro+ 2014; Goz+, MNRAS submitted 
Comparison with observed emission in various bands
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• Radiative Transfer post-processing code 
• Particular attention to dust reprocessing 
• Arbitrary geometry 
• Modified to be used with MUPPI (e.g., H2  

given by the simulation) 

Example: calibration of MMC and tesc

GRASIL3D parameters 
calibrated againts PEP and 
LVL samples
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Galaxy SED with GRASIL3D: results 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Simulated SEDs in classes of galay masses 
and SFR, compared with HRS

Correlation between IR luminosities 
and various physical quantities
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Developments
• MUPPI with modern SPH (Beck+ 2015) (done; needs 

parameter tuning; M. Valentini, Ph.D student)  

• Improve FB schemes (ongoing: with M. Valentini)  

• Include AGN feedback in MUPPI (ongoing; using Steinborn+ 
new model) 

• Include non-equilibrium chemistry (by U. Maio) with self-
consistent formation of H2 (1 PhD, D. Goz; 1 graduate, P. Di 
Cerbo; + U. Maio) 

• Kinetic AGN feedback (ongoing; with P. Barai)
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PRELIMINARY: H2 chemistry

Umbero Maio’s chemical 
network in MUPPI
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What the network does
Given ρcold, Tcold: 
Given Metals: 
Given Tcmb, UV 
background: 

⦿ Calculates new 
abundances in Δt 

⦿ Gives new temperature 
in Δt 

⦿ H2 formation on metal-
dependent dust 

⦿ H2 destruction from a 
FIXED UV field (from 
stars…)
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MUPPI: ρcold, Tcold  
SUBGRID

Stellar 
Chemical 
evolution: 

Metals
Non-equilibrium 
chemistry: H2  (+ 

others), Tcold

SPH timestep

RK MUPPI timesteps
Molecular 
evolution (scheme to be inverted)
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Predicted Blitz-Rosolowsky

AqC6, std

AqC6, H2, fixed UV
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WHAT we do: 
ExaNeSt develops and prototypes solutions for Interconnection 
Networks, Storage, and Cooling, as these have to evolve in order for the 
production of exascale-level supercomputers to become feasible.  We tune real 
HPC Applications, and we use them to evaluate our solutions.  

WHY we do it: 
HPC is a precious tool for all of modern technology, science, and society.  For the 
next generation of HPC systems, we need millions of low-power-consumption 
computing cores, tightly interconnected and packaged together and appropriately 
cooled, and with a new storage architecture. 

www.exanest.eu
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New technologies..

May 10th, 2016

!

This project is supposed to be “application driven”
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Required level of 
parallelism…

THIS MEANS THAT  
WE NEED  TO RE-DESIGN 
OUR CODES!!
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Conclusions
• Our sub-resolution star formation and feedback models produces 

realistic disk galaxies (at moderate resolutions) 

• Key ingredient: SF -> effective (kinetic) feedback producing high-z 
galactic winds, gas reacts strongly to energy injection.  

• Results do depend on details of the fb scheme… 

• Bonus: ISM (sub-grid, average) properties 

• Properties of our galaxy populations in cosmological  volumes still 
not in perfect agreement with several observations 

• …but promising halo mass dependance of winds mass-load and 
SEDs with GRASIL3D 

• Sub-grid model useful at moderate resolution 

• New technologies will require a significant technical effort  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