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PART 1 Improved Langevin Equation
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* Drag force
* Thermal random force
(EL(DE () = kY8t —t")

* Recoil force from gluon emission (Higher Twist [Phys. Rev. Lett. 85, 3591])
fg = —dﬁg/dt
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Diffusion coefficient: D;2nT = 81/(§/T?)

Improved Langevin Equation
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T
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c

inspired by previous study on shear viscosity [Phys. Rev.
C91, 054910 (2015)].
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PART 2 Simulation Pipeline

i 8

Initial conditions

e Soft matter: TRENTo

— Entropy deposition proportional to
empirical parametrization:
3—j|T:T0 x v/ TaTg, Ta (Nnucleon thickness
function) 0

e Heavy quarks

— Position space: binary collision density

— Momentum space: (initial hard scattering) —4-
Fixed-Order + Next-to-Leading Log
(FONLL)

J.S.Moreland,J.Bernhard, and S.A.Bass,
Phys.Rev.C 92,011901(2015)
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Soft medium evolution

e Event-by-event (2+1)D viscous hydrodynamic model:
1EbE-VISHNU H.Song and UW.Heinz,

— Shear and bulk viscosities: 1/s(T), ¢ /s(T) e e

— All the soft medium related parameters are calibrated on soft hadronic
g . J.Bernhard,J).S.Moreland,S.A.Bass,J.Liu, and U.Heinz
observables by Bayesian analysis

Phys.Rev.C 94,024907(2015)
Heavy quark in-medium transport
e Model A: improved Langevin model

e Model B: Lido - linearized Boltzmann + diffusion model
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Hadronization/particalization
e Soft medium: particlization (hydrodynamic model — hadron gas) at T.witcn

e ¢ — D-meson, charmed baryons at T. = 154 MeV:

combined model of recombination and fragmentation
S.A.Bass et al., Prog. Part. Nucl. Phys. 41 (1998)

Hadronlc rE'Scatterlng M. Bleicher et al. J. Phys. G: Nucl. Part. Phys. 25 (1999)
e UrQMD: solving the Boltzmann equation of hadron scattering

e D-mesons scatter with =, p:
w0 — 7D, nD* — wD*, 7D + pD*
pD — pD, pD* — pD™*, pD < 7D*

Z-W.Lin, T. Di,and C. Ko, Nucl. Phys. A689, 965 (2001)
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Answer the following
question:

Given the model and the
experimental data, can we
constrain the model
parameters?

Model , Parameters - (prior)

improved Langevin ‘ Ds2nT(as, o, B,7)

~ =

(Surrogate) model
Gaussian process emulator

l

Monte Carlo

random walk through

parameter space = T—_ Exp data
l -LHC + RHIC:

Bayes’ Theorem

posterior o< likelihood x prior
D-meson Raa, Vo

Parameters - (posterior)

probability distribution
after calibration



]
PART 3 Bayesian Analysis

p(9|y — yexp) X ﬁ(y — yexp‘e) X p(@) (5)
e Posterior distribution: probability of 6 given observation yex,

o Likelihood: L{y = Yexp|0) o< exp[—(¥(0) — Yexp) T~ (Y(6) — Yexp)']
e Covariance matrix: ¥ = Y oxp + X model + ZGP

e Priordistribution P(0): prior knowledge of parameters

Gaussian process emulator Markov chain Monte Carlo
e Non-parametric regression e Random walk through the
e Quickly predict model output given parameter space
input — y(0) e Accepted/rejected based on
likelihood

e Returns not only mean of prediction
y(0), but also uncertainty ogp e Posterior ensembles achieved after
equilibrium
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Bayesian Analysis

Experiment variables
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Qg strong coupling constant 0.1-0.6
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Tf free-streaming time 0.1-1
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Bayesian Analysis

D.2nT = 81 /(G/T?)
D2nT

= Dg2mT)sort
1+(V2P)2( s2nT)

2 2
(v*p)
D.27T)PQCD
+1+(V2P)2( s2mT)

(D2nT)STt = (1 + ,B(TZ - 1))

c

Posterior distribution of model parameters
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D.2nT = 8r/(§/T?)

D2nT

= Dg2mT)sort
T+ G 2p) o2l
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D.2nT)PQCD
+1+(V2P)2( s2mT)

(D2mT)Mt = (1 + 'B(Tz — 1))

c

Comparison with experimental data
using sets of parameters sampled
from posterior distributions.
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I posterior, 90% CR prior
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" linearized Boltzmann (W.K)
mw improved Langevin (Y.X)

m— MC@sHQ, elastic K=1.5 . Duke-LGV, 90% C.R

== MC@sHQ, ela+rad K=0.8 c-quark T-matrix U-pot
11— PHSD c-quark lattice Ding et.al
e QPM(Catania), BM HQ lattice Banergee et.al
= = QPM(Catania), LGV
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Thank you!

STR@NG
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