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HYDRODYNAMICS, SMALL SYSTEMS AND JETS

Describe small systems using hydrodynamics?

Same parameters!

How do jets lose energy in small systems?

And how does the medium respond!?
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HYDRODYNAMICS, SMALL SYSTEMS AND JETS

Describe small systems using hydrodynamics?

Same parameters!

How do jets lose energy in small systems?

And how does the medium respond!?

Investigate using hybrid simulations
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Smoothed Particle Hydrodynamics (SPH) Performance portability (CPUs and GPUS)

BSQ charges and (3+1D)

Source terms

Follow each particle evolution

Initial condition

A(r) = ) A@)W(r;—r,h)AV,
=1

Discretize into particles Vj A(r) = Z A(rl.) VjW(rl. —1,h) AV:‘

Smooth fields in space -
1=
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(c) WVT glass: adaptive h
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ADAPTIVE RESOLUTION

T = 0.60 fm/c
h=0.046 fm (2h = 0.092)
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SMALL AND LARGE SYSTEM BAYESIAN

Freeze-out temperature T,

Normalization N
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NLEFT from PRC 104 (2021) 4, L041901
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PYTHIA MELT Hard Observables
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Soft Observables
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MELT Hard Observables

O )

Soft Observables

CCAKE 2.0 BQSSampler SMASH

TRENTO .

a—clustering
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Modular Energy Loss Treatment

B. Betz, M. Gyulassy JHEP 08 (2014) 090

Based on BBMG model

KEVIN POSSENDORO PALA

Massless parton at light speed

— U
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Modular Energy Loss Treatment

Massless parton at light speed

— U

B. Betz, M. Gyulassy JHEP 08 (2014) 090

Based on BBMG model

[, = (1 — Vi, - I )
Free parameters but must obey flow = /flow flow ~ et

C=24+7—-a

dE_dP
dL  dr

= —k(T) P(D) v T, T

Jet-medium coupling
Fluctuations
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Modular Energy Loss Treatment

B. Betz, M. Gyulassy JHEP 08 (2014) 090

Based on BBMG model

dE

dL

dP

dt

KEVIN POSSENDORO PALA

Massless parton at light speed

_ 0
. Ea=0
Until 7 < 150 Mev
(C y Z y/ a y/ q)
= —k(T) P (D)t T, T
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Modular Energy Loss Treatment

Massless parton at light speed

— 0
B. Betz, M. Gyulassy JHEP 08 (2014) 090
Based on BBMG model
| — pQCD-lik () o B =0
TP Until 7 < 150 Mev
2 — Strongly coupled (C VAN 2N Q)
dEE  dP
_ _ a s ale
= = —k(T) P (r) T ¢, 1 g0y

dL dt
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JETS IN LARGE AND SMALL SYSTEMS O resststy sssctors

0.2

0.0
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JETS IN LARGE AND SMALL SYSTEMS O resststy sssctors

Pb+Pb , /syy = 5.02 TeV O+0 /syy = 5.36 TeV
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Pre-Bayesian parametrization
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PYTHIA MELT Hard Observables

ICCING

Smear

Soft Observables

-1

CCAKE 2.0 BQSSampler SMASH
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PYTHIA MELT Hard Observables
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Soft Observables
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= I'Jet + 1 ® O o
= —k(T) P (0) T T° I 'y,

O O
Real time
b U JET-MEDIUM COUPLING

V Nﬂ Den oI et |PRD 921 039902
C]
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JET-MEDIUM COUPLING

3+ 1D

O+0 Vsyy =5.36TeV, z=2
T=0.8 fm/c
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CONCLUSION Different #/s for OO and PbPb

Different systems respond differently to parameters

Good agreement for R, and flow

Description and predictions using MELT

Good agreement for the soft sector in 3 + 1D

New adaptive hydrodynamics —_—

Different medium response for different parametrizations
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CCAKE CENTRAL LIBRARY

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

ECP-COPA/Cabana used in CCAKE

L
\ EXASCALE
\—’ COMPUTING Home About v Research v News v Training v  Library

 — \(\~ ) PROJECT

Performance portability
PARTICLE-BASED APPLICATIONS

- Personal Computers

- 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 . _

- . - . . o . . Susan Mniszewski, PIl, Los Alamos
several “sub-motifs," including short-range particle-particle interactions (e.g., those that often dominate molecular . .

. , . . o . 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 II:a\t))vrentce 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 |.|. b t .
(XGQ), ExaSky (HACC/SWFFT), and ExaAM (MPM)—serve as application partners as well as hon-ECP applications. ollaborators.
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CCAKE: FREEZE-OUT SURFACE

Surface &5, = e(x — (xo,xl,xzax3))

0 p efO(x)

Nﬂ
nﬂ p— — —
VNN 10,00 0, (0

KEVIN POSSENDORO P%,IOA\
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CCAKE: EQUATION OF STATE

*

p(T, ;t)

I 2 2 :
—]. NI ZZIT N EFNY 22772V J ]
R ¥ (£ U0 ™07 102 101
1 ¥\ Hx0 pp [fm ]

KEVIN POSSENDORO PALA

arXiv:2405.09648
po = 0.00 fm 5 Ps = 0 00 fIIl_3

10°
;:;/ Table
102
Tk
£ 10 : Tanh
&=, 2 Conformal
W %
‘E.: o,
100 :
// Conformal
-4 2 o //I
M e 240 MeV/fm? < e < 270 MeV/fm? [}

CONFORMAL

CONFORMAL
DIAGONAL
] ) 2 -
Hx
(T, M) —A =] + R
| (7) <2 ()
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SIMULATION SETUP

1 "Di-jet” pair/event

dE

dP

= _ K(T)Pa(T)TZTCC 1—wflow :

150 < py < 200GeV o e
O 1 3 O pQCD-like
(a,z,c q (0,2,4,0) Strongly coupled

SMEARED AMPT

->M->

OO0 0-5% A/

¢ 2o
1500 events S 168(% ) Cg) T _0.14

E,, = 0.258GeV/fm?

BOSSAMPLER *

200 samples

KEVIN POSSENDORO PALA

Decays only
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INITIAL STATE

SMEARED AMPT

L
A
\Can be added dynamically
4 ZPC

.
.
0y

T = TSWit"G@ Py

W

HIJING

1Z

it -
T,uv(xl,XZ,x3) _ Z P; Oz VVI-<X, ol 03>

i=partons !

-

W(xl-, o, 03> — W(xl.l, o L)W(xf, 03)
A

Cubic spline with support o;

-clustering nucleon distribution

Summerfield et al PRC 104 (2021) 4, L041901
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INITIAL STATE

C be added dynamically
T T e o
switelh e, Jet position
3
2 1 GeV/fm?
300@,,/%7

) [fm~2]

o w
probability P(z,y

y [fm]

x [fm]

w1 .2 .3 pzﬂply i
I’ (x X°, X ) = Z 0 Wi<x, o), 03>
i

[=partons
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INITIAL STATE

SMEARED AMPT BINARY COLLISIONS PYTHIA

0.15

Can be added dynamically
T=7 o,
switel Jet position
0.20

y [fm]

0.10

0.05

jet-production probability P(z,y) [fm 2]

—

0.00

x [fm]

Hoa R
Pi P;
Wi x,0,,0;

l
p?

THY xl,x2,x3 —

[=partons

. g pT=148 GeV
. g pT=148 GeV
¢ production vertex
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et momentum/composition
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BAYESIAN SETUP

PRIORS - FLAT

T:, 130 — 170 MeV
N 100 — 200

n/s 0-0.3

o) 0.2-1.0 fm

T 0.2-1.0fm/c
DESIGN

200 design points
Centralities 0-5, 5-10, 20-30, 50-60%

OBSERVABLES

O+ O - charged
M, pT)
(AVSIRAYS

v {4} /v {2}
Pb + Pb - charged
M, pT)

V,i2} Vv,i2h v {2}
Pb+Pb - m K, p
M, pT)

KEVIN POSSENDORO PALA

EMULATOR

PCA on the observable space
One GP per principal component

LOO cross-validation

SAMPLING

Parallel-tempered ensemble MCMC

— Joint posterior

SCOPE

5 parameters - 2 systems

4 centrality classes



JET SETUP

Parameter Value
Initial state normalization N 190
nucleon width w 0.3 fm
Hydrodynamics initial time 7 0.6 fm/c
shear 1/s (constant)  0.08
Jets jets per event 4 x 10°
events per centrality 1100
angular sampling bins 30

KEVIN POSSENDORO PALA



JET-MEDIUM SIMULATIONS SETUP

Parameter Value
Initial state normalization K 0.749
transverse smearing o, 1.25 fm
longitudinal smearing o, 1.40
initial time 7 0.4 fm/c
Shear n/s (constant) 0.14
Bulk (/s=A(1/3 —c?)P A=14,p=2
Freeze-out energy density e, 0.257 GeV /fm?
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