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HYDRODYNAMICS AND JETS

Hydrodynamics describe the evolution of the thermalized QGP

Numerical simulations

ODbjectives
PRC 95 044909
PRC 95 054914
(@ FINAL SPECTRA
> 4 »> o
PRC 90024914
HYDRO
Wil be coupled soon

Medium affects jets Isaac Long talk

How far-from-equilibrium fluids behaves
close to the jet?
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CCAKE

Relativistic Viscous Hydrodynamic
Lagrangian - SPH

Significantly improved version of v-USPhydro
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CCAKE
Relativistic Viscous Hydrodynamic BSQ charges evolution
Lagrangian - SPH (3+1)D simulations

Significantly improved version of v-USPhydro  =p Performance portability

Improved equations of motion

Hyperbolic and cartesian
coordinates

Source terms
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SPH METHOD
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SPH METHOD
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CLASSICAL SPH

A() = [, A@HS@" —r)dV’

Define the kernel: W (1, h): fVW(r, hdV =1, Illin(l)W(r, h) = o(r)

A ~ 3 A@W (5 — 1, AV,

1=1
N

VA(r) = _ZlA(ri)VW(ri —1,h)AV;
=
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RELATIVISTIC SPH

g any quantity density at rest frame

* 0
q =qu'\—g
M some conserved quantity

N
Mioe = 2, My
b=1
N
0-; — bi_llmbW(l‘a — I'p, h)

N g
Ja — Z mpy — 7 (ra — Iy, h)
b=1 O-b
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CCAKE CENTRAL LIBRARY

» Exascale Computing Project (ECP) - Co-design Center for Particle Applications (COPA)

» ECP-COPA/Cabana used in CCAKE

~—

(&

\
EXASCALE - .
\)I—J COMPUTING Home About v Research v News v Training v  Library

> Performance portability
PARTICLE-BASED APPLICATIONS

> - Personal Computers

g - Workstations Project Details Principal

Investigator(s):

The Co-design Center for Particle Applications (CoPA) provides contributions to enable application readiness as we
move toward exascale architectures for the "motif" of particle-based applications. CoPA focuses on co-design of . y L
> — ‘ : I u Ste rS W/WO G P l l S several “‘sub-motifs,” including short-range particle-particle interactions (e.g., those that often dominate molecular Suslan Mniszewsk. P1, ‘LOSA amos
. . . , L . National Laboratory; Jim Belak, Co-PI,
dynamics (MD) and smoothed particle hydrodynamics methods), long-range particle-particle interactions (e.g., . onal
electrostatic MD and gravitational N-body), particle-in-cell (PIC) methods, and O(N) complexity electronic structure ta\g/rentce Livermore Nationa
and quantum MD (QMD) algorithms. Relevant particle applications are represented within CoPA and help drive the co- aboratory

design process. Exascale Computing Project (ECP) application projects—such as EXAALT (LAMMPS-SNAP), WDMApp C l.l. b t .
(XGC), ExaSky (HACC/SWFFT), and ExaAM (MPM)—serve as application partners as well as non-ECP applications. otlaborators.

https://www.exascaleproject.org/research-project/particle-based-applications/
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CCAKE: SPH

Particle number as conserved quantity

ldeal and dissipative

. _ 1
Specific density o0 = -
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1 @
KERNEL - C=g,P= @ O o
el ®
» Cubic spline ST 4R
C=— D=3

(2—9)° — 4(1-9)° 0<d< 1 ®
W(r,h) =C3 2—9)° 1 <9< 2
0 Lg> 2
® o

g=|r|/h ® @ o
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CCAKE: SPH
N
ST = Z mbSbW(ra — Iy, h)
1 b=1
0 ==
%
. . N
X
Dynamical variables ny = bzlmb Ny W (r, — 1y, h)

=
|
Q| S
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CCAKE: EQUATIONS OF MOTION

Hyperbolic and cartesian coordinates

T, A

duN)l(t —Px
d,THY =V
i DII+1 =—-(0+J+R
J = —onnlle
Z%Dﬂ“ﬁ o’ = 2no*’ + JHY +
J¥ = =6 _1*e

RV

. Source terms

Turned off
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CCAKE: EQUATIONS OF MOTION

. Source terms

Turned off

dMN)? —Px
Hyperbolic and cartesian coordinates d,T*" =V
Invert equations and DI+ 1T =—-{0+J+ R
ISolate variables 7 = -6, 110
T A DT Y = 2nghY 4+ JHY + REY
JH = -6, "0
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CCAKE: EQUATION OF STATE

QCD EoS based on a Taylor series expansion up to O(ujl()
Coupled to a Hadron Resonance Gas using the PDG2016+ list

Lattice EOS doesn't cover all necessary regions
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CCAKE: EQUATION OF STATE

QCD EoS based on a Taylor series expansion up to O(uj*()

Coupled to a Hadron Resonance Gas using the PDG2016+ list

Fallback equations

LATTICE-BASED [ =

p(T, ‘I.l) — _AOT(;L

i T 2 U 27 ':: o 240 Me V/fm <e {ZT{)BI V/fm? [
—) +2(—X> 00 T3 102 101

CONFORMAL

arXiv:2405.09648

103 ; po = 0.00 fm L PS = 0.00 fm 3
/ Table
102
g
i ;
= 10" Tanh
— Conformal
@ |
p

///,;; Conformal

pp [fm™]

CONFORMAL
DIAGONAL

4
T, —A T — + —
p( Ii) 0lo | To % HX,O) |




HOT JETS KEVIN POSSENDORO PALA JANUARY/2025 24

CCAKE: CODE STRUCTURE

SPH

READ IC

PARTICLES

ALOCATE

**

A Repeat until € < &, V SPH particles \ 4

DERIVATIVES .
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ANALYTICAL CHECKS

(1 + 1)D longitudinal analytical

(2 + 1)D transversal analytical
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(1+1)D ANALYTICAL

(1 + 1)D longitudinal expansion check

Conformal EOS (uy = 0)

1

|deal n N
N tO | at

e(n,T) = € o | o

a=1
No = 0
PRC 105, L021902
n-no 1 L
toeo~ " + Ta Loe™ 710 + 2
T —
toeﬂ—ﬂo - — \ltOe% n + T
A a
2 2
(1-cg) 1 _(1+c52) (1—c§)a2_(1+c§)
4c? a?  4c? to T 4¢2 4¢2
677—770 — _|_ _— enO_T]
To aTO
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(1+1)D ANALYTICAL

14 - == BCARE B T=l-im W T=3im 20 --—- CCAKE w T=15fm m T=3fm
— Analytical W T=21fm W T=41fm . —— Analytical v T=2fm w T=4fm
1.2 - B T=1im ' m t=1fm
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(2+1)D ANALYTICAL q=
r = ch+y2
2.2 2.2
sinh(p) = l_q; Tar
> (2 + 1)D transversal - Gubser ;T
qr
tan(6) =
> Conformal EOS i an(f) 1 + g272 — g2r2
1 dT |1 Uy
> i ' ——— = |—@Z=-2)+x — tanh
Shear viscosity = [3 (7 — 2) Jrz;‘ ( T) ] ()
1 di 2
— Y _ _Z(1 + Atanh(p)
Ay dp 3
dr 4 ;4
2 — = tanh(p) — = — Z#%tanh(p)

dp 1 2 R 3
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(2+1)D ANALYTICAL
e
: Semi-Analytical ]
1'8__ Y Mmhmm AMMM 4V )
El_ﬁ:”“““_....... ‘zé
E | 7
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PERFORMANCE

40k particles, dT = 0.001, To = 1 fm/c, 1000 timesteps

x217

40 -
O 35 -
-
O
O
B 30 -
E 132

X

n 25 -
o
Q
N . x105
O 20
£
|_
o 15 -
@)
5

10 -
>
<

5 -
x8
0 - x1
CCAKE v1 (x4) CCAKE v2 CCAKE vZ2 CCAKE v2 CCAKE v2

Serial 1xA100 64 cores 128 cores
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(2+1)D EBE SIMULATIONS

= 109F = ; 0.20¢ TRENTO ' CCAKE o -
= : 0.0 < pr <3 GeV/c 1 l TRENTO + ICCING + CCAKE
= 1 - V8NN = 5.02 TeV 1 [ ALICE [JHEP 07 (2018) 103] ]
> 107"¢ Pb+Pb 1 0.15¢ :
=3 ] — . N

(2 + 1)D with shear viscosity = ,-2[ :

;3 10 g =

= ——
E‘* ALICE [2001.03156]
< 10~3L I [PRC101 (2020) 044007 i

-} FINAL SPECTRA

(pr) [GeV /c]

[PRL 116 (2016) 222302]

0.0 <pr <3GeV/e

| ——- TRENTO + CCAKE

| —— TRENTO + ICCING + CCAKE

.| ALICE [PRC 101 (2020) 044907]

WIK pA/EOE QI

0.00¢

Pb+Pb ./syn = 5.02 TeV

20 40
Centrality [%]

60
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SOURCE TERMS

Di-jet In the transverse plane - : -
Tiet = Tjet,o T (T~ To)V

Moving at the speed of light

Y dE > uY
Jj (T, 1) —55 (7”— ]et)7

PRC 90 (2014) 2, 024914

PRL 97 (2006) 062301
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SOURCE TERMS PRC 90 (2014) 2, 024914

PRL 97 (2006) 062301

Di-jet In the transverse plane - - .
Tiet = Tjetoo T (Tt —19)V

Moving at the speed of light
Y dE > uY
JITmT) = —r ot (r - rjet)7
dE  S(Tjer) dE

dl s, dl o
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SOURCE TERMS

300 ICCING events averaged

PbPb /s, = 5.02TeV , 0-5%
Toy model to explore effects in hydro
Di-jet forming at (0,0) at T

Moving in =X direction
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SOURCE OFF

0.60 fm/c
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SOURCE OFF
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CONCLUSIONS AND OUTLOOK

Performance portablility (GPU/CPU)

Excellent results for the (2+1)D and (1+1)D checks
Reproduce data

Hydrodynamics with sources terms

Check causality near the jet

Simulate with more physical parameters

Couple with jet simulator



HOT JETS

KEVIN POSSENDORO PALA

JANUARY/2025




HOT JETS KEVIN POSSENDORO PALA

JANUARY/2025

41

COORDINATE SYSTEM

C:h:kb=1

xt == =10, X,Y,Ns}

T =Vt?2 — 72

1 =30 ()
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DERIVATIVES
» Partial derivatives
o = % my |0y L~ q; o,
b=1 (o (0p) ]
n = 0 usual

n = 1 antisymmetric

n = —1 symmetric
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DERIVATIVES

Partial time derivatives depends on total derivatives

dA*
dx,

doA* = vio;A* + T, _A°,
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THY AND NH

Full

N* = nu# + g*

™ = (¢ + P+ IDHut*u¥ — gtV +11) + n#¥

AV = gtV —utu’
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CCAKE: FREEZE-OUT SURFACE

Surface ng — S(X — (xo; xl)lexg))

N, 0,70 (X)

n

“T NN 10070 ()P Er0 ()]
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EXAFLOP

1018 operations / second
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JET SIMULATION PARAMETERS
TO — O6fm/C

So = 200fm~3 ,7

—=0.2
dE\ 30GeV ’ N
“ o = o n
dl T, 0
An = 0.1

AE ~ 500GeV



